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Comparative Study of Electrophysiology and Pathology of Chinese Han Patients with CMTX1
LI Lin', ZHANG Ru-xir’. 1. Departmentof Neurology, Wuhan Third Hospital (Tongren Hospital of Wuhan Uni-
versity), Wuhan 443000, China; 2.Department of Neurology, Xiangya Hospital, Central South University, Chang-
sha 410008, China

Abstract Objective: To investigate the electrophysiological characteristics and pathological changes of Chi-
nese Han CMTX1 Patients with GJBI point mutations, and to analyze the relationship between pathological type
and neurophysiology. Methods: Thirty-five patients from 12 families were sequenced CMTX1 patients with
GJBI point mutations which analyzed for electrophysiological evaluation. Four patients from four different fami-
lies were subjected to sural nerve biopsy and analyzed by electron microscopy. Results: There were 35 cases of
CMTX1 patients with GJBI point mutations, and the amplitude of CMAP was decreased, which was significant-
ly lower than that of MNCV. Electron microscopic examination of neurological biopsy in 4 cases showed that
numbers of myelinated nerve fibers decreased, more cluster formations, axonal neuropathy. Conclusion: Elec-
trophysiological finding support primary axonal neuropathy. in CMTX1 with GJBI mutations. Pathological find-
ings are axonal neuropathy accompanied by demyelinating lesions, mainly for axonal neuropathy. Electrophysio-
logical and pathological analysis results are consistent.

Key words CMTXI; GJBI gene; electrophysiology; pathology

ME B WL 2 45 AE (Charcot-Marie-Tooth 1.1 —#% 74

disease, CMT) & — 2 HAT /& & Il PR A s A%
S I I e DL ) ] PR A 6 B L PR A
BRI R (17~40)/10 000", £ X YL fa {4 i
PE 812 B CMTX1 Y, 5 CMT15% 25 452,
CMTX1 & AT X e AR i SE B e
FE A (gapjunction protein beta 1, GIB1) 58 4%
FE. HAT GBI H R4 CMTX1 B HH
A B P A S U R, L S
H R IANGE —  ARWFFE R HERR PMP22 K R Bt
A AR FMTC B AL B 1 CMT K & ' GIBI
FEP AR A CMTX 1 H 3, FEAT H A B AG A
B BAGAT , X H A T HLA A #T

1 ARETHE

129 CMT K & T 2004~2016 4F H i
= B R = B Be e N BH T2 AR 2R ist A%
o S E R T 12 ok B
WIEE AL AR TR TG HTTEAE AT
BF BT , ¥I5 4 1980 4F Harding 55
il 22 1 CMT 2 WibrifE , Zefe PRZS 0L 2 4IL e,
i 98 F 1 25 3 VI R 18 ) 38 2o HEBR
PMP22 K i Bt H B 52 MICH AL 5 ) CMT
KFZ,iHAT GIBI BER RS 531, 124> GJBI
HEPR RAE CMTX1 5 & Hr 35 4 /8 35 34 R
FEAZ keypoint #1228 JULHL BT #il 28 FL A= R A
Ay, 441 B E TR T HE R A 2 0 R R ) R E
B LR .
12 Fik



MW SIHEREA - 201943 H - 144 - 5531

12,1 BRGS0 RIS WER AR 1Y A ) =
Jei , SR IO K ol 14 7 56 R 4 DNA [ 2 ORI i, 1F
17 GIBI BE IR G ALK I, SR HIHE R 528 434 , PCR 37 3
JEIR T, Cx32 (9 PCR 51 Wy L3 A T2 w15 A, 5
Y152 0L SCHRY . I PCR P-4 004142 R A1) Bt
I 2t 4k J5 3 o W A 4T DNA 3 51 43 B, 18
DNASTAR Ff 734l 45

122t bR g 35 B HHiE oy GIB1 %
AR 1) CMTX1 8 35 % H #f 28 LFEL [B1AY (Keypoint
R, PEEZ ) AT v AR A A OB AR A R
BEPATER, R ELG B EF HL R TE 5%, A5 ) 1E Hh
28 B 28 IR 220 B pf 28 4% = 3L (motor nerve
conduction velocity, MNCV) , & & WLIA iz 3l B 57 %
(compound motoractive potentials, CMAP)., CMAP L)
Jigi R RN BRI B A BT B . R I SRR 22
How s REg B2, Joik | CMAP HIMNCV B
i, AT RE S BN 2%

123 HRZIER LB EEE £ 44 CMTXORFEIK
FR AP AR ETTHE A 2T, RSN 7 2 em Ab
WL IRTEEE  JR R VIO B2 IR, 76 B 2HEUN SRk
It R BE B A1/ 4~ 1/ 2, im AR 24 K
B, U2 em A7 485 o PREPRAS UM J5 2R 4T 4k
2 DEE :2.5% ) R 5E 24 h DA F QIR EE : 1%
HRRIE 7 2 h; QB FE K KK 50% . 70% .90% . 100%
IR, 5% 10 minx3 ¥K ; IR : R A PR 5
4 N R =1:1,37°C , % il 24 h; & 4 # : Epon812
(Epoxiaquivalentgewicht145-160) .DDSA (Dodecenylsu
ccinic Anhydride) . MNA (Methyl Nadic Anhydride) .
DMP30 (dimethylaminomethyt phenol) .60°C. ,24 h i}
B @IEH e A P R, HOR S0 G (8 82, PRI
JIT EFRAL ; OREEEY) Fr B i LKB- T 7Y )
LR, JE£90.00055 pm; @ FL YL 0, BEFR Al SRR
WE Y ;D H ™ H-7500 B BT TR i
FL LGB T A 5 1 0 A R 2R SR R

129

1.3 “itgaz

K ] SPSS19.0 HAF #E 4T Ge 3143 M, 11 Bk
(aks) 7, R 36, THECRORN L 23R, P ke, 45 BT
A BTN J2 2 46 90 D0 R JH Fisher B UIME R 1154
i, P<0.05 R ESA G L.

2 R

AR 124~ F F ke 2 GIB1 A 58 748
1) CMTX1 35 35 6, 55 22 4], 2 13 il 5 & i 4 %
10 ~ 40 % ;i 1 ~ 304F,

2.1 CMTXI1 &% 4 245 &

AL CMTX1 B H IE P # 28 MNCV 24 21~52 m/s,
R 22 MNCV29.3~60 m/s, i£ #1142 MNCV15~53 m/s;
S £ 3 A IE R AR 28 R B 28 MNCV B2 CMAP B i
T 2o Pk 2 % (P<0.01 5% P<0.05) , IR #H125 MNCV £ T
M (P<0.05) ,{H CMAP 5%tk 5 g it 52 X (P>
0.05), W3 1; BEIRMZ CMAP<0.1 mV B [ /0%
W T I s RS2, % S8 Bl 637 BIE
T EHL AR FENELER(P<0.01), HEM SR
TG L (P>0.05), W& 1,

22 CMTXI & # 4% &,

ARWFFRL GIB1FEH 28R K12 B2k H CMTX1
ANRIRZ B 4 B ek E % AT HER #2206 ke I AT H
BEWLER , Horh Ay BE A 2 £ e Bl vk 2D 2 451, PRS2
1], Sl ARG N BB 3 481, R 2240 3 . MR A
TR LB R ) AT B A 2 LT Yl AT T i, A R 24T
A D, ] WSS R (KT 1A) o A R 2241 4EfE
P AN — , AT DL A R R 22T A, A R R 2 2T
BRI AAAEGAN 2 FERUE R N R I 2
WAk, AT WA R SMEE RS N R B R (B 1B VKT 1C) . #
ST BERR A EAAE R E R SOH R (K 1D) . ¥k
DL MAAT B R T YR SRR A . MR pl 2205
i T R I A F AL R A R AR, DA 2RO

F£1 BYEMLNE CMTX B M AE TS bR LA

IEfZ NG Jigph
. MNCV/ CMAP/ CMAP MNCV/ CMAP/ CMAP MNCV/ CMAP/ CMAP
PR B . " o
W (s, (mv, <0.1mV/ HRE /S, mV, <0.I1mV/ HBE @S, (mV, <0.1mV/
xs ) x£s ) il xts ) xts ) i xks)  xks) i
B 22 22 355461 2.6+1.8 1 22 342442 3.442.1 1 22 26.749.5 2.2+1.7 11
Lok 13 13 41.5£7.3 43428 0 15 443+7.1 4.9+2.1 0 15 34.4+8.1 24+1.8 3
t{E —2.614 —2.193 / —5.440 —2.133 / —2.565 —0.343 3413
P{A <0.001 <0.05 1.0 <0.001 <0.05 1.0 <0.05 >0.05  0.065




130 Neural Injury And Functional Reconstruction, March 2019, Vol.14, No.3

TE A MRS R - — A5 HE QAR G2 2 RAT BRETZE , Jorh 1M BRI ST AEROBER 202 (<5 000) s B - EH 72)2 KA Bk
&, B A SR A )BT (<5 000) ; C AT BEMZRLF ERERESAR , 22)2 , 251078 AR N AR ORI 25 104K (<15 000) ; D - HlE#H BT AL ,

SR 2 A, AR ZE A ol 2k (%5 000)

El1 CMTX1 A M sh 2 e T B

3 g

CMT Je—4lR i WA TR RS AL TR e
SRR R B 286 . CMTX 1 J2 R g %
MEAY, A T Y 6 iR Xql3.1 1 GIBI1 R 28728 8
Cx321EJH AP 22 (1 F R A 5 A S 2 1 SE R AR,
SR LA AN R A E AR R O & A T T
ZMBfIfY) Schmidt-Lanterman Y5 LA K BRKgh , HAL R 28745
Je AL BRI AR D RERERSS . X T
GIBIJEHZEZE 1 CMTX 1, HAR BRI INAA AN R LA,
HAHEM AT A4S & CMTX AT
AR K HGHRAS SR A T LT

AL CMTX1 B B MNCV A7 TE 82 R T I,
A4 CMAP P RIS , HL55 M3 MNCV 2 Lotk
1%, H CMAP i IE R i 2, B3 IR ph 48 CMAP<
0.1 mV I A 73 2R & T e rh g RO 28, B
JiE A 2 L I sl 2 S RO 637 R g, R AL HE
Jii CMAP iR A B B3 F Iz R E & T L
Ji, B A BH SR A E S A SR AL R R e . G
R PR R R Lot B MINCV AR A 72 B R
TS 2, BH 5, SR P B i e 2 2 /DA CMITX L (1) R 2y
I, H: CMAP Jz Bl 2 el 28 , 1 CMTX1 & CMAP
R W 5, R A BB 2 ST 4k i 2 T g,
S B BE PR FERERE RS B E , PR R
CMTX1 ELA ) JE Bl 2 iR o . REAEIFSEHR
L AR PR AR R R A Sl A R 12
WF5E s CMTX1 3 A MNCV I , o [7] i A CMAP
PRI, BB N B L 2R R R, AR
WF % 45 BB 5 BE A o8 M A o F A B S bR 4 om
CMTX1 Al FsEi Lm0 3 DRI E R 3.

H A4 Cx32 55 48 i 8501 CMTX 1, Hoj 356 30
B AR, , Cx32 E—FEM E A, A I

CMTX1 J2& LA R A0S by 32 st 114 o] Pl 2 )
Fischbeck %5 1986 £ CMTX & & il &7 K v & B
FRAEME R PE AR FESS M o 1T 2 58 I CMTX
S DR R 0 R B2 . Madrid SRR A
I CMTX 1 B35 Pl 2830 G A7 AE B i %) il 2 P44 i e
NP ZE R . Hahn 45 IR 5% kS AT B i 28 241 2 11 30
Schmidt-Lanterman Y35 il 58 4l 2 S Mg HE N (RI BRY K,
AT AR AR AE A I CMTX T 2 AR il R A v
R PR AR A . Hattori 25 HFSE (L8 GIBI
i PRI 5 7 ot 2 Ao B DU R 0 0 32 e A8 % [
AFPF 2 1 A IO A MO o A R A 20 A A % v
b UK ERA B AFgeiide h &, H/NERA
BEAP 22T 45 0] G Ml S 2 i TR A 10 5 ., TOBR LT 4k %%
JELEIE RO . IESSHRCE L, $s LA R Pl 5%
B . AR A CMTX1 AR R 1) 4 B 5eiE , HAL
L B3R 18 B 2 A% T il B A AR e TP B R R, Ll
AT CMAP {5 M 9 A, Ho g B RS m] DL Al 22
W BRI  AMESE R iR 2240, SR il R E I
PG, ] LA BE LT YD RGN A B
PR, KON R FEEE A AR 2 . R FLEE T AT
WL 3 AN [ B8 11 5 o 20 1 A () RS A KPR
i AUpHUIR AR, G AR ) R B UL T S AR 0 1A
RN LR LF A, [R) B UL T 5l 2R 45 4 3 O AR X 52 4 1Y
FRERR LY, B ] RERERT P & AR R TR H
PRI, I AN BB A 2 il & 4 % T B B 1 oo AR i S BE
kR TR . AR AR RE B B A 2 (1
LT (PR 2SR A5 . BB T 8 LRI AMEE Y T
[ B, FR ol NS i T O ARER AR 454
FITFTERIR AL KA . ARGIWFTE 4 51 CMTX1 SEiE
R 2o LR MG FE 0 A AN Z R AR I A DU R
Jpa AR AR R EE L AR RIS B IR Y S 8



MW SIHEREA - 201943 H - 144 - 5531

AW S GIBI R 22748 () CMTX1 K3 Ry rh
(7Y, FLDV R AR Ry 3, s o A P g B, SR
LA 50k . R A B R 2 2 B A A X THE L
FURRE A — 2 A, T R i 2 S P2 W R R

S Uk

[1] Patzko A, Shy ME. Update on Charcot-Marie-Tooth disease[J]. Curr
Neurol Neurosci Rep, 2011,11: 78-88.

[2] Huttner IG, Kennerson ML, Reddel SW, et al. Proof of genetic
heterogeneity inX-linked Charcot-Marie-Tooth disease[J]. Neurology,
2006, 67: 2016-2021.

[3] Harding AE, Thomas PK. The clinical features of hereditary motor and
sensory neutopathy types I and II[J]. Brain, 1980,103: 259-280.

[4] KA, SR, 1E &%, 45, LITAF .RAB7 .LMNA FI MTMR2 3 A 7&
efEUCOHE B WIEE SRR SB35 1 2872 43 HT 0], 384%, 2010, 32: 817-823.

[5] Capasso M, Di MA, Ferrarini M, et al. Inter-nerves and intra-nerve
conduction heterogeneity in CMTX with Arg(15)GIn mutation[J]. Clin
Neurophysiol, 2004, 115: 64-70.

[6] Pareyson D, Scaioli V, Laura M. Clinical and electrophysiological
aspects of Charcot-Marie-Tooth disease[J]. Neuromolecular Med, 2006, 8:
3-22.

131

[7] Senderek J, Hermanns B, Bergmann C, et al. X-linked dominant
Charcot-Marie-Tooth neuropathy: clinical, electrophysiological, and
morphological phenotype in four families with different connexin32
mutations(1)[J]. J Neurol Sci, 1999, 167: 90-101.

[8] Gutierrez A, England JD, Sumner AJ, et al. Unusual electrophysiologi-

cal findings in X-linked dominant Charcot-Marie-Tooth disease[J]. Muscle
Nerve, 2000, 23: 182-188.

[9] Stephanova DI, Daskalova M, Alexandrov AS. Differences in
potentials and excitability properties in simulated cases of demyelinating
neuropathies. Part I[J]. Clin Neurophysiol, 2005, 116: 1159-1161.

[10] Fischbeck KH, ar-Rushdi N, Pericak-Vance M, et al. X-linked
neuropathy: gene localization with DNA probes[J]. Ann Neurol, 1986, 20:
527-532.

[11] Madrid R, Bradley WG, Davis CJF. The peroneal muscular atrophy
syndrome: Clinical, genetic, electrophysiological and nerve biopsy studies
part 2. Observations on pathological changes in sural nerve biopsies[J]. J
Neurol Sci, 1977, 32: 91-122.

[12] Hahn AF, Ainsworth PJ, Bolton CF, et al. Pathological findingsin the
x-linkedform of Charcot-Marie-Toothdisease: a morphometric and
ultrastructural analysis[J]. Acta Neuropathol, 2001, 101: 129-139.

[13] Hattori N, Yamamoto M, Yoshihara T, et al. Demyelinating and
axonal features of Charcot-Marie-Tooth disease with mutations of
myelin-related proteins (PMP22, MPZ and Cx32): a clinicopathological
study of 205 Japanese patients[J]. Brain, 2003, 126: 134-151.

(ARG £ )

ALEANEAEA AN LA KAt EA E At LAt Pt Pal Fal L al tal al Al Lal tat Lat Al Fal Uat Lat Al Fal U at Lot LAt KAl Fal Fat LAl KAl Fal Fat Fat Fal Fal Fat Fat Fal Fal L al Fat Fal Fal Fal Fat Fal Fal Fal Uat alt Fal Fal Fat Fat Fal Fal Fat talt ¥ al Y

(g 115 T0)
Fi AR FEAR S IR S -

AHIGE LA R F AR, X R M X R Bl bk
B Ak I A5 2 P R 8 T I 3535 19 PCKCL i 31232 3
PRI T A, X LU IE 8 BUATE ARG 3Rk i A5 3L, T
HZ AN AH N . ARBFFTAS R s |, INASSE 8 PCK
o 3l 1--232 FE N F A B GC . GG K& B I G %5 {r
FEPRI AR G 5 TR R AR U PCK JE 3 F--232
SR G A6 SR 5 i A K, 1) & A A 5 5 T i A o £
Frh GC R GG B4 )5 2 hIfibls .LDL-C Bl i & T CC
AU 158 B 28 PCK (38 3 G 45437 3k PR ke 1 4 1,
W IR 7K, DTS2 i AR A ) 2 A=, AR5 [
BRI, M A A 6 L B BT N AR LA 358 3 Jk P
2R 2 (R JC A B 25 S AR AR AR AL S 3 v A e S
PABEELAY 3 GC LGG R AR I G S FE R IR
B & TAEZ 0B AR5 19 PCK 19 G 55
{7 LR AT 2 T B0 Y U R R 2,

25 L iR, X it g Hb XA HE B PCK1 A 3 +-232
SR Z2 25 20 0 A T A5 T 224 b s At £ 2 ki
FEFEI KA o ABASBIFGRANAN 38 ) B PR A 545t Y
ghie, HFP % 22 S AR 90 0] G i 37 PR A5 7T R s i 245
TR, X TAESE T i — 2 Ak .

275 3k

[1] Okoreeh AK, Bake S, Sohrabji F. Astrocyte-specific insulin-like
growth factor-1 gene transfer in aging female rats improves stroke
outcomesl[J]. Glia, 2017, 65: 1043-1058.

[2] Kumar P, Misra S, Kumar A, et al. Association between Tumor

Necrosis Factor-a (-238G/A and -308G/A) Gene Polymorphisms and Risk
of Ischemic Stroke: A Meta-Analysis[J]. Pulse (Basel), 2016, 3: 217-228.
[3] Fa rs, 0T, XIS, 45 P4 UR & A REA LBk ICZ T
FRARZE— (26 23T ()] S5 HH OO i 1 A 2% 35, 2017, 251 102-105.

[4] Kumar P, Yadav AK, Kumar A, et al. Association between
Interleukin-6 (G174C and G572C) promoter gene polymorphisms and risk
of ischaemic stroke: A meta-analysis[J]. Ann Neurosci, 2015, 22: 61-9.

[5] Huck JH, Freyer D, Béttcher C, et al. De novo expression of dopamine
D2 receptors on microglia after stroke[J]. J Cereb Blood Flow Metab,
2015, 35: 1804-1811.

[6] Ik E, TRy, 15 5EE, 5. CT I & i A & ABCD2 ¥F4) Xt
LT M A R i A I S A B ) ST A (ELRIE 5 (3. S FH o i 1 A5
JFZ%, 2015, 23: 110-112.

[7] Shahaduzzaman MD, Mehta V, Golden JE, et al. Human umbilical
cord blood cells induce neuroprotective change in gene expression profile
in neurons after ischemia through activation of Akt pathway[J]. Cell
Transplant, 2015, 24: 721-735.

[8] ZEMeate, A<h . ik J ML B IR AL ) R A LRI BIE e S S (0], i
Wi S BT EE, 2016, 11: 429-431.

[9] 254, BEEE, 2307, 55, B GREIREAR 10 £ H3) TR L8
MR B AT AL R0 KU () 0GR (1. LI ZR R 24, 2014, 54: 4-7.

[10] Kamat PK, Kalani A, Givvimani S, et al. Hydrogen sulfide attenuates
neurodegeneration  and dysfunction induced by
intracerebral-administered homocysteine in mice[J]. Neuroscience, 2013,
252:302-319.

(1] EmesF, FR AR, S5, SE BT w4 i 8-799C/ T S P 22 254 55 35
SIIKBES S ARSI T[], FhAR 22 A4, 2012, 29: 60-63.
[12] Raida Z, Hundahl CA, Nyengaard JR, et al. Neuroglobin over
expressing mice: expression pattern and effect on brain ischemic infarct
size[J]. PLoS One, 2013, 8: €76565.

[13] Pandi G, Nakka VP, Dharap A, et al. MicroRNA miR-29¢ down-regul-
ation leading to de-repression of its target DNA methyltransferase 3a
promotes ischemic brain damage[J]. PLoS One, 2013, 8: ¢58039.

[14] Z=IR, BRI, Wi, 4. MMP-2 3[R 22 451k 55 3 DKok RERT Ak P R FE 3
W)k K2 RABSAERTFE ], IS RS 2%aE, 2015, 32: 104-107.
[15] Pulliam JV, Xu Z, Ford GD, et al. Computational identification of
conserved transcription factor binding sites upstream of genes induced in
rat brain by transient focal ischemic stroke[J]. Brain Res, 2013, 1495:
76-85.

neurovascular

(AR FAh)



