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Genetic distribution in Chinese patients with hereditary peripheral neuropathy

LIU Xiao-xuan' , DUAN Xiao-hui* , ZHANG Shuo', SUN A-ping' , ZHANG Ying-shuang' , FAN Dong-sheng'®
(1. Department of Neurology, Peking University Third Hospital, Beijing 100191, China; 2. Department of Neurology,
China-Japan Friendship Hospital, Beijing 100029, China)

ABSTRACT Objective: To analyze the distribution characteristics of hereditary peripheral neuropathy
(HPN) pathogenic genes in Chinese Han population, and to explore the potential pathogenesis and treat-
ment prospects of HPN and related diseases. Methods: Six hundred and fifty-six index patients with
HPN were enrolled in Peking University Third Hospital and China-Japan Friendship Hospital from January
2007 to May 2022. The PMP22 duplication and deletion mutations were screened and validated by multi-
plex ligation probe amplification technique. The next-generation sequencing gene panel or whole exome
sequencing was used, and the suspected genes were validated by Sanger sequencing. Results: Charcot-
Marie-Tooth (CMT) accounted for 74.3% (495/666) of the patients with HPN, of whom 69. 1% (342/
495) were genetically confirmed. The most common genes of CMT were PMP22 duplication, MFN2 and
GJBI mutations, which accounted for 71.3% (244/342) of the patients with genetically confirmed
CMT. Hereditary motor neuropathy ( HMN) accounted for 16. 1% (107/666) of HPN, and 43% (46/
107) of HPN was genetically confirmed. The most common genes of HMN were HSPB1, aminoacyl tRNA
synthetases and SORD mutations, which accounted for 56. 5% (26/46) of the patients with genetically
confirmed HMN. Most genes associated with HMN could cause different phenotypes. HMN and CMT
shared many genes (e. g. HSPBI, GARS, IGHMBP2). Some genes associated with dHMN-plus shared
genes associated with amyotrophic lateral sclerosis (KIFSA, FIG4, DCTNI, SETX, VRKI ) , hereditary
spastic paraplegia ( KIF5A, ZFYVE26, BSCL2) and spinal muscular atrophy ( MORC2 , IGHMBP , DNA-
JB2) , suggesting that HMN was a continuum rather than a distinct entity. Hereditary sensor and autoso-
mal neuropathy (HSAN) accounted for a small proportion of 2.6% (17/666) in HPN. The most com-
mon pathogenic gene was SPTLCI mutation. TTR was the main gene causing hereditary amyloid peripher-
al neuropathy. The most common types of gene mutations were p. A117S and p. VSOM. The symptoms
were characterized by late-onset and prominent autonomic nerve involvement. Conclusion: CMT and
HMN are the most common diseases of HPN. There is a large overlap between HMN and motor-CMT2
pathogenic genes, and some HMN pathogenic genes overlap with amyotrophic lateral sclerosis, hereditary
spastic hemiplegia and spinal muscular atrophy, suggesting that there may be a potential common patho-
genic pathway between different diseases.

KEY WORDS Hereditary sensory and motor neuropathy; Genes; China
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9% (hereditary neuropathy with liability to pressure
palsies, HNPP) 5/ 12 sl ## 9% ( hereditary motor
neuropathy , HMN) 38 f% ¥ 85t ] 32 #2895 ( heredi-
tary sensory and autosomal neuropathy, HSAN) | ZZji%&
PEVE R B B BB A 229K (familiar amyloid neuropathy,
FAP) gL 5 G 1] £ Jl Bl ok 22005 (AR e R - AR
JiE , heredopathia atactica polyneuritis, Refsum’s di-
sease) % HPN HLH# Oy JLEE A AR,
FI N AT v 12 B A UG S L A SR R
FEEAR L, 2 2% 141 PR 3R AL AR T LA I i 28 &
G, W0 HE R A L /N ik 2 DN T ) RE B B
S Bk PMP22 JE TR SRAESN, K4 HPN 2
AR R S T8 SCRZE N B 4l A S8 5 |
i,

i A e PR ARG 10 52 AR 1) i i R s R A T B
L, HPN 128 H 4552 BB, T HPN Ilh R %

BRI S Zp P R DR 2 580, L0 b T i 44 1 R
SEAGE—, W CMT J2 fiw 7 UL HPN, A7 27 2% R
HPN 1A [F] 25 A1 40 HNPP . HMN A1 HSAN #R 15 M
CMT Je HARSCER o (HEOR 2 i os 2, R
[] (1% HPN 280 2 [a] A] DU T2 Ik & FSE 3, et
HMN 5 JJLZ5 45 ] & 1% 1L ( amyotrophic lateral sclero-
sis, ALS ) | 75 1% 1 22 25 M 8 5 ( hereditary spastic
hemiplegia , HSP) #7754t il ity S0 3 11 77 [ fif 4
46 HPN 0 T REAE S 28 Gt st A% 0 1 — 38 43 S [e] 44
JRAE A% T 22 78 1y HPN 555 35, S8 35 48 i 1
HPN K2 Wi & A2 . BT HPN iy 44 R 48 dtil
W HoAn 248 AR 9% 44 Bk (4 CMT 2 HMN) +
H A B3 A0 [ 40 6 45 284 ( demyelinating, De ) (Al &R
I (axonal , Ax) B H71[a] I ( intermediate , In) | + i@ 4%
Fr [ unE Ye R B M 8t 1% (autosomal dominant
inheritance, AD ) | % 4¢ 0 {4 &t 1 & /£ ( autosomal
recessive inheritance, AR ) BY X % 4fi 1% /& ( X-linkage
inheritance, XL) ] + J£ A 4 #', 1 CMT-Ax-AD-
HSPBI it P 3 5 2 I8t g 2L i 45 7 A1
PRI, % HPN A TR 58 A R 1 WL 2, MAAS [m] ik
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HPN () T f#, HET, T HPN KR EZEAH 52 Jt
PR oA, 76 B DUBR AR e R UL R GedlGA
ARG T A HPN 5K BA S 1) J R Az ) 225 SR s
PR-FE PR BUAH G , 43 BT BE R 1) 22 3580 1 S AE B0 AL
il , A RTINS

1 #RERZE

L1 B4

We4E 2007 4E 1 F % 2022 4E 5 I 7Edb 5 K5
= EEBERH H AT R BE A 22 NRH 112 S A BEUA 1)
HPN SEilE , PE4ie 58 R IE 20 AR I |
S R SR 0\ I S SRR O, LA S Ao i
HRM 2 I RE R R D2 (55 2 Jit) ( Charcot-Marie-
Tooth neuropathy score version 2, CMTNS-v2) 9] N=Y/N
2 3 e BR il ¥ 4> (overall neuropathy limitation
scale, ONLS ) FI[0 i i 28 v R R A 25 2 . ARBFR
IR A S BB B R A PR DL 21T
(45 2019-00502) ,
1.2 PG Ty
1.2.1 RPN SR MG X B A2 o 3 (B
G <38 m/s) () HPN BRI e R L&
EEI R AT P B 4 R (multiplex ligation-dependent
probe amplification, MLPA ) K, BH GG G PMP22
HIEFNGRR I, Z S5 7437 165 > HPN g bk
PRI Ay PR B 4 b 38— 2EL 000 7, G 56 PR A A S B
PEBOR RS, Wk — DA T 250 i 47, A 450
i Sanger AT ARG UE, X R B Oy 3 (B RE
FHE >38 m/s) [y HPN #ISRE o] B 4017 56
FLEANE I, kR
1.2.2 RO Bzl A a0 2 mL, & AL
HUDNA J5, AR 2 A # B Tllumina BEEPAT
DNA J2 i1 e 25 TAER ] KAPA FEia57) & ( Kapa Bio-
systems, KR0453 ) , {fi Aj 3¢ [E Agilent SureSelectXT2
AT A bR N B 25 o SR B A 165CMT K HAH
REEIA Y 5E il 25 5 4 (gene panel ) #EATREIN . — A
D78 ] HiSeq2500 “F-£5 (200 bp) . 4x4h i 121
FroRHISE I Agilent 20 W] N 424181 V6 150 &, 7&
HiSeq2500 V-5 _FaEAT 44 i 75" o AR ¥
LA ABI 3730XL DNA 4371 ( Applied Biosys-
tems , Waltham , MA , USA ) 47 Sanger —{ Gl 463IF .
1.2.3 Humtkotr  EE R R2 B 5L T IR
TR GBAL UM R BEEE I S NS L4
$% £ (human gene mutation database, HGMD) [t i i3
F18) & R0 5 PR 8 8 I R R AL, R AT R R AR SR

PR o QSRR R 1Y 5 A2 A A5, ) A 9 B
12 22 725 M 3045 8 (http .//www. ncbi. nlm. nih. gov/
projects/SNP) . 1000 %t X 2 ( http ://1000genomes.
org/) .GnomAD %¢#E % (http://gnomad-public/rea-
liease/3. 0) (2L H L, I 28 SIFT (hup ://sift.
jevi. org/www/SIFT _ enst _ submit. html ) | Polyphen
( http://genetics. bwh. harvard. edu/pph2/index ) A
Mutation taster ( http://www. mutationtaster. org/ ) [
BN AR 2015 436 [ B st AL - m o e HE T
RYEORIE PR K 9% 4 BUK ( pathogenic ) B R
A REEO (likely pathogenic ) i 272 )7 T3k K B i 12
Wiy
1.3 Sil#mik

A B E 4 d SPSS 22. 0 for Windows 304311
BSERL. THEFORMT & B0 3 DI R « drifizs
PN, AFFE RS 0 A B R AL (B /ME ~ B
KAA) o TR BORAT & IS A R A ¢ K,
JEIE S04 R FAE S B 50 19 Kruskal-Wallis H
R s THECFORE LA (% ) 271, 2 8] 3R 19 LR
RI7RL, AN U A% AR — A A TR (E <5, R
FHRSHOMEAETTS P, P <0. 05 RmERA L1t

2 HR

2.1 FATIRSRORE

BE 2022 4E 5 H 34 HPN 4 % 666 4>, Hor
CMT %K Z i 74. 3% (495/666) ,HMN % % /i 16.0%
(107/666) ,HNPP % % 5 5.9% (39/666 ) ,HSAN %
Z52.6% (17/666) ,FAP % i 1.1% (7/666) ,
R BUER R 1A (B 1), HAbILGE Rt A
JEL B R 225 1 BB 2 B AR A HPN A%, oy 52
R IS FR A 388 A~ A dE e ik i MR K R
202 4> CE YL OARER RS E K R 142 A X &40 W
WAL Z 44 A, 43 278 BBk B,

HPN (3% 10 & R 4EH (24.9 £17.6) % (0 ~65)
SR (34.3 £17.8) % R (9.0 £9.4) 4F
(24 H % 65 4), CMTNS-v2 Jy(11.3 +5.3) 4y
(1~28 4%)., CMT il HMN J& HPN ()& & UL
AT Hip CMT B4R (24.6 £18.0) % (1 ~
77 %) SR (33.4 £17.2) 2 (1 ~79 &) it
(8.7 £9.0) 4 (2 4~ H & 65 4£), CMTINS-v2 y
(12.2+£5.6) 43 (1 ~36 43) . HMN 835 1Y & 0R4FE 1%
(25.6 +17.0) % (1 ~70 %), 52 4F i (35.4 +
18.2) (2 ~73 %) J%F2 (9.4 29.5)FF Q2 MAE
44 4F), CMTNS-v2 H7(8.9 £5.0) 4> (1 ~15 43) .
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CMT 1 HMN [¥) & 95 4 % SR 12AF % R B 25 52 3
TGt S (e 4k — 1. 638, — 1.471 0. 598,
P¥1>0.05), #m —HARKMH M. 5 CMT
ML, HMN 58 3% CMTNS-v2 $E45 B 55 R AIC, 22
ARG EE L (1 =4.909,P <0.01), KR
CMTNS-v2 P43 H s 2 43, AL SR 38 3l P43 B
THEREGIFE L (1= -1.583,P>0.05)
HNPP 35535 R A (23.3 £10.5) 2 (7 ~
37 %), EH RIS AR (26.1 £10.6) % (11 ~38
) PR (2.9 2. T (LA A R T 4E) 1P
CMTNS-v2 (8.4 £2.9)4>(4 ~13 43) ., HSAN &
BV BIERAER (31,5 £11.0) % (11 ~78 %), F-3
WISAEIE (38.4 £15.2) & (2 ~63 %), Pyt
(10.4 £9.5)4F (1 A~ H % 20 4F) , - CMTNS-v2
H(11.8 £9.4) 53 (4 ~24 43) . FAP fBE 1 L4
I R 12 AR W 8 R, T R AR S 52 %
(11 ~78 %), HIRIZHIE 55 5 (12 ~83 %)

PR iE(5.4 £2.5)4E(1 A~ H £ 10 48) , - CMTNS-
v2 H(16.8 £9.5) 43 (5 ~28 43) . Refsume 5 [N Hff
121 BB, KW 25 & SRi2 4RI R 35 %,
JtE k10 4F, CMTNS-v2 3434 16 43, HPN Jz H:
BRI A TR FIREILER 1,

600
500
400
300 |
200
100 F

0

Numbers of patients

CMT HMN HNPP HSAN FAP

Refsum

CMT, Charcot-Marie-Tooth; HMN, hereditary motor neuropathy ; HNPP,
hereditary neuropathy with liability to pressure palsies; HSAN, hereditary
sensory and autosomal neuropathy; FAP, familiar amyloid neuropathy.
B1 gt il B Rlom A B 1 i A
Figure 1 Constitute distribution of different types of
hereditary peripheral neuropathy

&1 HPN X REB B RATIN = VR
Table 1 Epidemiological data of clinical types of HPN

Phenotype n (%) Age of onsel/years  Age of examination/years Disease course/years CMTNS-v2
HPN 666 (100) 24.9+17.6 34.3+17.8 9.0+9.4 11.3+5.3
CMT 495 (74.3) 24.6+18.0 33.4217.2 8.7+9.0 12.2 £5.6
HMN 107 (16.1) 25.6+17.0 35.4£18.2 9.4£9.5 8.9£5.0
HNPP 39 (5.9) 27.6£11.0 32.4+12.2 4.422.5 8.4+2.9
HSAN 17 (2.6) 31.511.0 38.4215.2 10.4 £9.5 11.8 +9.4
FAP 7(1.1) 52 (11-178) 55 (12 -83) 5.4%2.5 16.8 £9.5
Refsum 1 25 35 10 16

HPN, hereditary polyneuropathy; CMTNS-v2, Charcot-Marie-Tooth neuropathy score version 2. Other abbreviations as in Figure 1. Data are shown

as ¥ £s or median (range).

2.2 JLRAGINZE SR

CMT .HMN HNPP 5 9 3L K2 B i 12 R 433l
1 69. 1% (342/495) . 43% (46/107) Fil 77% ( 30/
39) ;HSAN i FR R/, HIGRAE R e 5 4%, 3
B2 LR 35.3% (6/17) s FAP 112 TTR [
IR R, FERBZ LB 100% (7/7) o FELERRIE”
BUER 1 ASFK R & PHYH LR 5875 Fr 8, i85 8
Rl 2295 (AE PR A0 28 Y, A1 5 2 R AR D) i
R A IH T HPN,
2.2.1 CMT 495 4 CMT %&iFE# 1, CMT1 % 291
A, CMT2 %1 146 4~ ,CMTX %I 58 /4~ 3L [H 2 W12
A R T75.3% (219/291) .50.7% (74/146)
84.5% (49/58) o i WA BN L IR iy PMP22
Fi A 5848 GJBI 2575 T MFN2 5878 | 3 = Fh 5L [H 58
A5 5 CMT BARHIZ A 10 71.3% (244/342) , Hrp

PMP22 T8 RAF G % (CMTIA) 147 4, 5 CMT )
29.7% (147/495) F1 CMT1 f#) 50. 5% (147/291) .
75% ) CMT1A B G KR IAF & & MLkl CMT, RJ
K EEACR M JE b 280, PR TR 2 AR BRI R
) — A4 S T W, B A By LR g B Y A
W AIAERIL(E 2) (AR B Z R E R AE
W4 I R R S A T R IR K ZE
GJBI J& CMT % — % WL 850 26 (CMTX1 ),
CMT (1) 9.9% (49/495) Fil CMTX ) 84. 5% (49/
58) . GJBI fiz'# WA RS LR BW W] LIAT GJBI
FEDR B R (A Bl 2 28 A8 A1 ST UTR X A 98 28 (- 103
T>C), IGPRFII R LAY CMT 3R 38 v] LA
AP RGN A TEAS . MFN2 J& CMT2 fe i
TLRECR 2 (CMT2A) , (5 CMT ) 7% (35/495)
F1 CMT2 11 24% (35/146) , CMT2A H &4 R %
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TG A 70, 53 LT R e e AR b ik vl LR B

PP 22 2245 R AE IR AR, 4% CMT 3 71 43 2%
T W P R AR IR Sy PMP22 85 %727

BEY o NV
. S‘ ‘q‘

CMT1

.‘:‘;‘ ‘ ’\ l':

o ' 3
2N

PMP22 557 MPZ il SH3TC2 %7545 T CMT2 f
WL BRI g MEN2 (GDAPI FI MORC2 4%,
FAEORFE R4S CMT S P 0 A TEILIE 3A

A, the number of normal myelinated nerve fibers is reduced, and some myelin are lost and regenerated, showing a typical “onion” like structure ( thin
arrow ) , and occasionally regenerative cluster like structure (thick arrow, semi-thin sections, toluidine blue staining x200) ; B, the concentric round
collagen layer structure formed by Schwann cell proliferation, namely the “onion” structure (electron micrography). CMT, Charcot-Marie-Tooth.

B2 CMTIA H# b
Figure 2  Sural nerve biopsy in a patient with CMT1 A

2.2.2 HMN AR I I KR AL 3 4l HMN |
iz 3 F 1) HMN( X FRiz 35 CMT2) Fil HMN & i
LEAAE (HMN B DRI DD RE R AT AR /Mg 14
fiE JDFIRAR L B AR A) . HMN 7E HPN H i 5 L 5]
H16.3% (107/656) , FLKiZWithi2 RN 43% (46/
107), & & W 0y % 2% 3 K o HSPBI (10/107,
9.3% ) .t-RNA & &% I 47 ¢ 3& X ( aminoacyl-tRNA
synthetases ) GARS + MARS + AARS (8/107,7. 5% ) Fl
SORD(5/107 ,4.7% ), i HMN g {& 3% H i 12 R %
1 50% (23/46) ([E 3B) ., HMN g Z7EIfG R L n] £
AR 32 B {H AR Y B i 28 A S R R
WM 1, HEM A 2 W5 R AR R B I, ¥
I3 A BRETFAEN R, TCH] B AR AN 1 FIVE M ) 1
DR (I 4) . FRAHEIGIK ARt s r 838 1328
HIBZR E R HMN, X &R 73 83 TP ER E ARG HMN A
CMT FES LK (HSPBI HSPBS F1 GARS %) 4, CMT
(A EE Kl (MFN2 . GDAPI ) 8% % Bl 5 HMN AH G,
HMN ZhiE & iR AL 5,5 AR (KIFSA
FIG4 . DCTNI . SETX ,VRK1) 5 AIS #H3¢,3 MN#H
(MORC2 . IGHMBP2 . DNAJB2 ) 5 5 Il 25 4 4iE ( spinal
muscular atrophy, SMA ) #H 3¢, 3 4~ &£ [H ( KIF5A
ZFYVE26 BSCI2) 5 HSP SMAHFAI(E 3B) .

2.2.3 HNPP 30 fi] HNPP 3% #2 8 ' 90%
(27/30) i PMP22 #9878 5], 10% (3/30)
PMP22 [ 5R7%5 12, HNPP [l ARAE IR A A 52 T
PO R BURRA TE ), R B 4 25 G A N A
ZEAMERE R /N Sk JHERh 2232 T Hh B 2 T R 4%
FL AR RS A ] L AZ S 138 3 g e A% S

A IR PR ION B AR A 23 A (1 5) .
2.2.4 HSAN A4 5]H HSAN (1) 58 18 Jt K &
SPTLCI (3 fi]) \SCN9A (2 f5i]) F1 SCN1IA(1 f4]) , IIfa
IREB Nk, 25 5 W20 F A £ 2T Re ks
3, JUH IR /2 SCNIA 5878 [ E W W3 o
2.2.5 FAP &P IE FAP (ML AUIG KR, A
5T FAP Y02y TTR JEHRAS 51, B i JE
PR AV S p. A117S fl p. VSOM, AWF5E 7 KR
(SRS P RN M R AL 2 th i B B 452
B THE W b 22 5 A6 ] DL YE R RE Y TR (1B 6) .
2.3 PRI AE ORI R
2.3.1 CMT ¥z M RAIPH 2L AR5+
PMP22 T RAFA[ 8]/ CMT1A ; PMP22 55375 ]
51 CMT3 (546 5 i) 7™ o0 IO i 8 b 280, SR
Dejerine-Sottas neuropathies, & 4% v/ J5 43 51l 4 p.
S72W .p. ST9P . p. G150V DL}z PMP22 4 5 p.
RISTW &4 %4 PMP22 B 5 ¢.320-1 G>A &
A28 4) LCMTIE (p. W39C #l p. G107V ) = HNPP
(c.434del T) ; MPZ 28745 A 5| CMT1B (p. H81Y .
p. G93E  p. R98H  p. RO8C ., p. 1135T, p. T143R . p.
S233Rfs * 18) ,CMT3 (p. 30N . p. R98C ,c. 521 _557
del37) . CMT21I ( p. TI24M , p. W101G . p. VIO2E) .
CMT2J (A Wr it P fick A FL 028 1) CMT2 (A121N)
1 CMTDID ( p. *249Qext * 64 ) .
2.3.2 CMT fl HMN f95¢ X HSPBI 7875 W] [A) i
5] CMT2F F1 HMN2B, & % W A9 #5725 =2 p.
RI2TW F1 p. SI35F, 535 (1 Bt B fig K 22 LU0
GARS 7375 1] 8|3 CMT2D ( p. E333D) Fl HMN5A ( c.
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1809 +2_1809 + 3 insT p. S53G) & ; IGHMBP2 58 7%
(c.1537 +1 G > C.c. 1305 - 1310del ) 7] 5|2 CMT2S

F1 HMNG6, SCiR3iE HSPBS J& CMT2L Fi1 HMN2A (1
HORELH EARG R KB HSPBS 5875 (%£2) o

A
* PMP22 dup (147), 29.7%

R 58), 11.7% " GJBI (49), 10%
= Rare genes (. % '
/l'.l MFN2 (35), 7%

*PRX (5), 1% = MPZ (19), 4%
=SH3TC2 (8), 2% PMP22 point (11), 2%
= GDAPI (10), 2%

= Undiagnosed (153), 30.9%

= HSPBI (10), 9.3%
\ GARS (4), AARS (3), MARS (1), 7.5%
« SORD (5), 4.7%

B - vorc203).28%
BN - 16HMBP2 (5),4.7%

~ « DYNCIHI (1), DCTNI (2), 2.8%
«MFN2 (2), 1.9%

& = GDAPI (

= ALS genes [12'104 , SETX (1), VRKI (1)), 2.8%

Rare genes [DHTKDI (1), DNAJB2 (1), ZFYVE26 (1),
BSCL2 (1), TRPV4 (1)], 5.5%

* Undiagnosed (61), 57%

The number of examples is in the bracket, followed by the percentage. CMT, Charcot-Marie-Tooth; HMN, hereditary motor neuropathy.

B3 CMT(A)FI HMN(B) f 5 R oA 15
Figure 3  Genetic distribution of CMT (A) and HMN (B)

A, mild loss of large myelinated fibers, unmyelinated nerves had thinned axons (HE x40); B, patial loss of large myelinated fibers, some Schwann
cells showed swollen cytoplasm and degeneration ( electron micrography). HMN, hereditary motor neuropathy.

B4 HMN BH WP
Figure 4 Sural nerve biopsy in a patient with HMN

2.3.3 CMT/HMN #F1 ALS/HSP 932X KIFSA 1y C
SEBTYIA S T A8 (€. 2993 — 1 G > A c. 3020 +
1 G>A.¢.3020+2 T>C) A 3|2 ALS; KIFSA f#) N
w9 A8 W] 5] 2 HSP 5 CMT (p. LI3P, p.

S189P) ; DCTNI (p. G59R) 7] 5| & HMN Al ALS;
FIG4 2GR AT 51 ALS, Mi2h & 808 G G R
Af5 [ CMT4), AHF5E SETX (p. T952A) Fl VRK1
(p- W375 * ) (YA R M HMN S InZr 514k, (H

S PA [ 2 ALS (B0 AL

2.3.4 CMT/HMN FISMA (32X A58 MORC2
g8 0] P 5] CMT2Z (p. R252W | p. D466G . p.
C407Y) 1 SMA ( p. S87L), DYNCIHI %575 a] 5] iz
SMA F1 CMT20,

2.3.5 HSAN FlI ALS (928 XL SPTLCI 7 n[ 5|
HSANI (p. C133W F1 p. C133Y) FIFF4E % ALS (p.
I38R) .
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A, Part of the fiber myelin sheath is folded and thickened ( semi-thin sections, toluidine blue staining x 100) ; B, Concentric myelin thickening formed
a “sausage like” structure, named tomaculum ( electron micrography). HMN, hereditary motor neuropathy.

5 HNPP [HH IR 216
Figure 5 Sural nerve biopsy in a patient with HNPP

_S0un | © [Erm o

A, homogeneous eosinophilic deposit has been found in sural nerve (arrow, HE staining x40) ; B, amyloid deposition (arrow, Congo red staining x
100). FAP, familiar amyloid neuropathy.

B 6 FAP BEH M2
Figure 6 Sural nerve biopsy in a patient with FAP

R2 LIS Z R R RN

Table 2 Multiple disease-causing gene with divergent phenotypes

Gene CMT1 CMT2 HMN ALS HSP SMA
PMP22 CMTIA, CMTIE, DSS, HNPP
MPZ CMTIB, DSS CMT2]
HSPBI CMT2F HMN2B
GARS CMT2D HMN5 A
IGHMBP2 CMT2S HMN6
HSPBS CMT2L HMN2A
KIFSA vV 2 vV
DCTNI vV vV
FIG4 CMT4]) vV
MORC2 CMT2Z Vv Y
DYNCIHI CMT20 v
SPTLCI HSAN1 2

ALS, amyotrophic lateral sclerosis; HSP, hereditary spastic hemiplegia; SMA, spinal muscular atrophy; DSS, Dejerine-Sottas syndrome. Other
abbreviations as in Figure 1. V/ indicates that it can cause the disease phenotype, but there is no clear phenotype sequence number.
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