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Charcot-Marie-Tooth disease (CMT) is a group of rare peripheral neuropathies characterized by pro-
gressive muscle weakness and atrophy and areflexia in the upper and lower extremities. The most
common subtype of CMT is CMT1A, which is caused by a tandem duplication of the PMP22 gene
in the 17p12 region. Patients with CMT1A show a loose genotype - phenotype correlation, which sug-
gests the existence of secondary genetic or association factors. Recently, polymorphisms of rs71428439
(n.83A>G) and rs2292832 (n.86T>C) in the MIR149 have been reported to be associated with late onset
and mild phenotypic CMT1A severity. The aim of this study was to examine the intrafamilial hetero-
geneities of clinical phenotypes according to the genotypes of these two SNPs in MIR149. For this
study, we selected 6 large CMT1A families who showed a wide range of phenotypic variation. This
study suggested that both SNPs were related to the onset age and severity in the dominant model.
In particular, the AG+GG (n.83A>G) and TC+CC genotypes (n.86T>C) were associated to late onset
and mild symptoms. Motor nerve conduction velocity (MNCV) was not related to the MIR149
genotypes. These results were consistent with the previous studies. Therefore, we suggest that the
1571428439 and rs2292832 variants in MIR149 may serve as genetic modifiers of CMT1A intrafamilial
phenotypic heterogeneity, as they have a role in the unrelated patients. This is the first study to show
an association using large families with variable clinical CMT1A phenotypes. The results will be help-
ful in the molecular diagnosis and treatment of patients with CMT1A.
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Fig. 1. Unequal crossover in 17pl2 region containing PMP22
gene and location of 2 SNPs in premature miRNA149.
(A) Occurrence of CMT1A duplication and HNPP dele-
tion by recurrent unequal crossover in 17.12 region of
1.4 Mbp length (CMT1A: Charcot-Marie-Tooth disease
type 1A; HNPP: hereditary neuropathy with liability to
pressure palsies; SNP: single nucleotide polymorphism).
(B) Schematic secondary structure of premature miRNA
149. Two SNPs of rs71428439 (n.83A>G) and rs2292832
(n.86T>C) were indicated by red arrows.
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Table 1. Base-line characteristics of the CMT1A families and control subjects
. Cases
Family ID Control
FC45 FC152 FC270 FC272 FC29 FC521  Total/mean
No. of patients - 6 6 7 6 5 8 38
No. of non-patients 38 12 8 8 10 7 9 54
Patient sex (male/female) 16 / 22 2/ 4 3/3 4/ 3 3/3 3/2 1/7 16 / 22
Examined age 314165 43.8+16.1 40.2£20.0 24.3+16.6 33.0+13.5 35.6+14.6 26.1+141  33.1£16.5
(yrs, meantSD)
Onset age (yrs, meantSD) - 2574233 3454226 15.0t15.6 27.0+17.0 13.0#¢69  114+132  20.6+18.3
CMTNS - 14.2+54 8.316.4 81454  11.7¢7.0  13.2+29 9.1£5.7 10.65.8
Median MNCV (m/s) - 209409  255#50  225£30  187+25  15.1£28  27.4%6.9 221457

CMT1A: Charcot-Marie-Tooth disease type 1A, CMINS: CMT neuropathy score, MNCV: median motor nerve conduction velocity,

SD: standard deviation
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Fig. 2. Pedigrees of six Korean CMT1A families with variable phenotypic variations. The filled squares and circles are affected
individuals and unfilled squares or circles denoted unaffected individuals. Probands are indicated by arrows. At the bottom
of each examined patient, onset age (years) and CMT neuropathy score (CMTNS) were provided at the upper line and
genotypes of rs71428439 (n.83A>G) and rs2292832 (n.86T>C) are provided at the bottom line. (A) FC45, (B) FC152, (C) FC270,

(D) FC272, (E) FC296, and (F) FC521.

Hog ARSI o, @49 T35 AEREE CMT A4
%% 44 (CMT neuropathy score, CMINS)E AH-4-3t 24

AoH12]. A5 L5474 A EE(median motor nerve con-
duction velocity: MNCV)& 252 % &&0l 255 Fo] 2

Aot

DNA F#& ¥ PMP22 £52 MIR149 SNPQ| #EXIH
RS

A genomic DNAE ¥4 0 ZHE QlAamp DNA blood
kits (Qiagen, Hilden, Germany)& Ar&3te] FZ3H4th.
PMP229] F5-& A 17p12 (1.4 Mb Zo]) Ao x5}
+ 6 microsatellite 3}$](D175921, D1759B, D17S9A, D175918,

D1754A, D1752230)¢] multiplex PCR%} PMP229] 24 %
(genomic dosage)ol Ul 3t real-time PCR& 83} A4 3}
9t} Multiplex PCR Choi 5(2007)9] W& o7t W

o] 319 21 [5], Z microsatellite?] primer Mg, %
g3 Ao g vj£2 Table 20| YERY At} Multiplex
PCRO| & 4HE2 ABI 3130xI # 24 £4}7](Applied Bio-
systems, Foster City, USA)2 #4391, #2448 A4
GeneMapper ID version 4.1 (Applied Biosystems) 32 = 713}
< o] &34tk PMP22¢9] real-time PCR CFX96 Real-Time
PCR (Bio-Rad, Hercules, USA)#} SYBR Green Real-time PCR
Master Mix (Toyobo, Osaka, Japan)& AH§-3te] 38140t
PMP22¢] %2 5-GTGGCATCTCAACTCGGATT-3'% 5'-

(

ol
ol

HE

Table 2. Primer sequences, concentration and labeling for multiplex PCR of 6 microsatellites

Locus Primer sequence (5'—3') Primer concentration (1M) Labeling dye
o R GGCAGTAGATGGTGACTTTATGGC 03 Fa
pi7ss R TTCCTCACACAACCTATIGATAGTC 02 HEX
p17sia R GCACTAAAGTAGCTIGTAACTCTG 03 P
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Fig. 3. Scatter plot of the onset age and clinical severities of
the 38 CMT1A patients. The severity was measured by
CMT neuropathy score (CMTNS).
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U GG (AG+GG) FAAF Y] 20§08 Uril F 15
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Table 3. Genotype and allele frequencies of two MIR149 SNPs in CMT1A patients and controls

Control (%)

Patient families

SNP Genotype =38 Total (%) FC45 (%) FC152 (%) FC270 (%) FC272 (%) FC296 (%) FC521 (%)
n=38 n=6 n=6 n=7 n=6 n=5 n=8
AA 27 (711) 25 (658) 1 (167) 1(167) 6 (857) 6 (100) 3 (60.0) 8 (100)
AG 10 263) 10 263) 3 (500) 4 (667) 1(143) 0 (00) 2 (400) 0 (0.0)
rs71428439 GG 1 (26) 3(79)  2(333) 1(167) 0 (0.0) 0000 0 (00 0 (0.0)
(83A>G) A allele 64 (842) 60 (789) 5 (417) 6 (50.0) 13 (929) 12 (100) 8 (80.0) 16 (100)
G allele 12 (158) 16 (21.1) 7 (383) 6 (50.0) 1 (7.1) 000 200 00
HWE-P 0.949 0199
TT 17 (447)  11(289) 1 (167) 0 (0.0) 2(286) 1(167) 0 (0.0) 7 (87.5)
TC 18 (474) 17 (447) 2 (333) 2 (333) 5 (714) 5 (833) 2 (400) 1 (125)
152292832 cC 3 (7.9) 10 (263) 3 (50.0) 4 (667) 0 (0.0) 0.0  3(60.0 0.0
(n86T>C) T allele 52 (684) 39 (51.3) 4 (333) 2 (167) 9 (643) 7 (583) 2 (200) 15 (93.8)
C allele 24 (316) 37 (487) 8 (667) 10 (833) 5 (357) 5 (417) 8 (80.0) 1 (6.3)
HWE-P 0.553 0519

CMT1A: Charcot-Marie-Tooth disease type 1A, HWE: Hardy-Weinberg equilibrium, SNP: single nucleotide polymorphism.
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o] W@ MNCVZF 2AEQleH, FC2703 FC2729) TTS}
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s, 19.4+0.0 m/s9} 18.6+2.7 m/s2] MNCVE Rt} xAH
474418 HF MNCVl A TT 1§52 24.1+48 m/s, TC+CC
5L 218455 m/sZ, TT &0 &7 o wE A/|HAEs s

2

QI CMTI1AS| &4 Atolo] Yehte 94
2248 FAA 991 EAE o9dstA shHL
4 FA S CMTIA 45 tidoz & 22 Ao od
47 a9lo] AAH ul ke, 15, 20]. £ AFA = 674
CMTIA © 7HA S A2 & MIR1499) rs22928323} 152292832
o ARG xEYo| 4 Bdo FEAA FAYE A
39 Ed, CMTIA 7HI & tdo2 288 715y A
o FAAE-2EY Hu £4 dFE

Nam 5(2018)°] A3 AFAH ¢4 ZdS A3t &7
S MIR1499) 1571428439 (n.83A>G)%} 152292832 (n.86T>C)
o fAAY e J4d TdEL IS o, v
AA Y FAE hFo 2 Faqg A AT e Hl=d
A3S 2 YTHI5, 16]. rs714284399] A Wo] T H
A AGHGG 1w& AA IF9 Hl8] =2 H& Bl 7HA7}
37HAIQI Hls), 7] HH S Bl 7 UHA oo,
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Fig. 5. Clinical phenotypes according to genotypes of MIR149 rs2292832 (n.86T>C). (A) Onset ages vs. genotyes. (B) CMINS uvs.

genotyes. (C) MNVC vs. genotypes.
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2tz 27 Al A o mEAY 3 B RYAT 471 3
& TC+CC 1EFL 27+197H 2 TT 159 13.5+12.94
3 438 =2 HHs BRAY FHY FFE AXEA
CMTNS®l| thal], rs714284392] AG+GG 1&-& 37HA oA AA
JERT O 9 S 2gon, 47H4 BT CMINSE AA
259 115619 ¥ AG+GG LE°] 102555 Ve o]
ZasA T O e S BT 522928320 A= 471
BE TC+CC 180 TT 1§88 o @2 g+& ngon, 471
B TT 159 1154689 Hl&] TC+CC 1E°] 99455
Efjo] 9A ozt § 7MW & S8 EYT &, MIR149
o] 171428439 AG+GG9} s2292832 TC+CC FrAAE & 71&4)
< I M F5EY fdA 9Qdo® A8
+= AN
A7|AE T ol el rs714284399] AG+GG 18-S 47HA &
FolA o #E MNCVE ERow, 47H Hit2 AA 159
19.8+4.1 m/sl Hl3) AG+GG I&°] 22.3+50 m/ss H o
o7t o M2 AVAEEE BTh 522928320 A= TC+CC
a8 717k AN A o mEaAY =8 MNCVE 2gor,
WA Hde TT 159 241448 m/soll Hl8) TC+CC 15L&
218455 m/sE TT FrAAY IFol 238 oz o mE
MNCVE 2t o3 Aige A7 AE=E MIR1499 SNP
FRAAAG G Fo A Aol & Holx AdthE AP A9}
U A 315, 16].
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BE S Ao 2N CMTIA $A4EY /M S A4S f 5
e ¢ 4 ot CMT #d fFRAE 3 miR149
RNAY %4 o RE A7t dF 22 W55 A-&3hd
Z A o, miR149¢] ¥4 © 2 PMP22 mRNAY 3'-UTR
o} olygl MPZ, SPTLC2, SH3TC2, LITAF, ARHGEF10 %
B CMT FAAES mRNAZF £33 Ao =5}
ol & o Z(in silico prediction)& MIR149¢] W o] & o] PMP22
o] mRNAY A 2+g3te] e 248 ¢ YA, g
CMT frAAEY HdE 2o ZHN F4d 9FS mF
FT 9SS AAEHE Aot CMTIAY E8E A gy e
MIR149\} LITAFS} 22 §3AE59] SNPH 22 44 2
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Qo] EAoz #4848 £ gt kA & !
B IME fFRAF B2 3y Aoy
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MIR149¢] 57 SNPel thh o 212} W1 %+= 1,000 Genomes
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3 28 19 FAA ol AF-5olH L ThsAel A7E
HE QITH15]. webA £ Aol A AXE 7HE | w43 3

VA ERY HRYE AF-5AY A4S AT 5

gl

= st

CMT1Y| & Ed& tdo= & AolA = ascorbic acid
U onapristone (progesterone receptor inhibitor)®] A 2|7}
PMP22 B38E A FoRM AR E5s BIUSEE, CMTIA
o A Al 2 FAA gEd AR LA v
Fasith B A7 &0 MIR1499 Wolgo] 7HA Y
2dFH oldA e A F stz A48T e E A
t}H16, 19]. & 79 A= CMTIA 841 7HAE gz
A7 2ol SAAL FAH LS g DAXA, 7H Y
8 Aol7t AF AT 6 tItESS ALt AFE Y
AL u7t At JAAH, ofd A= CMTIAS #4
&g ARY e =S € e AR VdEn
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ZAle 2

of =& FFATATY AYAY LR FHHIUF(2017
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