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Background: Mutations in mitofusin2 (MFN2) are a major underlying cause of axonal Charcot-Marie-Tooth
neuropathy (CMT). It has been reported that patients with an early age of onset (<10 years, EO) show more
severe clinical phenotypes than those of patients with a later age at onset (=10 years, LO) in CMT2A with MFN2
mutations. There are few studies about CMT patients with MRI studies and we performed leg MRIs for better

understanding of CMT2A.

Methods: We identified 19 patients (EO=10; LO=9) with MFN2 mutations. We used functional disability scales
and CMT neuropathy scales for the grading of disability. Nerve conduction studies and MRIs of the lower leg

were performed in all patients.

Results: We confirmed that EO had more severe leg muscle involvement than LO by leg MRL In 7 out of 9 in

LO, there were some degree of asymmetric leg muscle weakness and MRI findings explained the nature of
asymmetry, that is, asymmetric cross-sectional areas or fatty infiltration. MRI of EO showed marked fatty
infiltration on all three compartments whereas that of LO showed rather selective involvement of the posterior
compartment. These results were well correlated with clinical findings that in LO, five patients could not do toe

walking whereas only one could not do heel walking.
Conclusions: MRI of the leg may be a useful tool for evaluating axonal CMT neuropathy, and asymmetric leg

muscle weakness may be the characteristics of an axonal CMT. In addition, more prominent involvement of the
posterior leg in LO is a very interesting phenomenon, which is in contrast to the length-dependent involvement

in congenital demyelinating neuropathy.
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Figure 1. Grade of fatty infiltration on lower leg muscles

(anterior compartment). A is grade 1 (some fatty streak, case

540/9-11, 512 matrix), &Aoo XA -T2-7F= number 16), B is grade 2 (fat < muscle, case number 11), C is
(TR/TE 3000—3500/50—70, 512 matrix) BAEL o] L3} grade 3 (fat = muscle, case number 5), and D is grade 4 (fat

18 . S
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Table 1. Baseline characteristics of 19 axonal CMT patients with MFN2 mutations

Feet deform.

Motor leg evaluation

Case Sex Aei:n?t lt)gnese?t Nucleotide Amino acid D CMT —__
No. change change S High- Flat Heel Toe MRC
(years)  (years) arched feet walk walk TA  EyL  EDL Peronei PF LTF TP
Early age onset ( < 10 years)
1 M 13 1 ¢.275T>C p.L92P 6 3l - + - 0/0"0/0 0/0 0/0 0/0 0/0 0/0
2 F 37 8 c280C>T  p.R94W 70033 - + - 0/0 0/0 0/0 0/0 0/0 0/0 0/0
3 M 6 4 c280C>T  p.R94W 6 22 - + + 1/ 0/0 1/1 2/2 474 474 2/2
4 F 35 8 ¢1090C>T  pR364W 7 36 - + - 0/0 0/0 0/0 0/0 0/0 0/0 0/0
5 F 12 1 c.1090C>T  p.R364W 7 36 - + - 0/0 070 0/0 0/0 0/0 0/0 0/0
6 F 33 5 c.1090C>T  p.R364W 7 36 - + - 0/0 070 0/0 0/0 0/0 0/0 0/0
7 M 14 2 c.1090C>T  p.R364W 7 34 - + - 0/0 070 0/0 0/0 0/0 0/0 0/0
8 F 6 3 c.1090C>T  p.R364W 6 31 - + - 0/0 070 0/0 1/1 1/1 1/1 1/1
9 F n 4 c1090C>T ~ pR364W 7 36 - + - 0/0 0/0 0/0 0/0 0/0 0/0 0/0
10 M 3 1 c.1090C>T  p.R364W 6 28 - + - 0/0 0/0 0/0 0/0 0/0 0/0 1/1
Late age onset (= 10 years)
11 F 12 11 c314C>T  p.T105M 2 6 + - + + 44 473 414 4 44 414 4+ 4
12 M 26 16 ¢380G>A  p.G127D 2 4 + - + + 44 44 44 44 575 5/5 515
13 F 64 50 c494A>G  p.HI65R 1 4 + - + + 44 11 474 474 474 414 44
14 F 45 23 ¢.839G>A  pR280H 1 6 + - - - 44 072 072 274+ 3/3 374 2/4
15 F 40 34 ¢.839G>A  pR280H 1 7 + - + - A4 44 44 A A 33 34 474
16 M 37 27 c839G>A  pR280H 0 2 + - + S A4 A4 A4 A A A 44 44 4t
17 F 52 25 ¢.839G>A  pR280H 1 8 + - + - MM A4 44 4+ )5 33 44 474
18 M 38 20 c.839G>A  p.R280H 2 9 + - £ - 42 41 41 44 33 474 44
19 F 49 42 c1085C>T  p.T362M 1 7 + - + + 5/5 5/5 5/5 5/5 5/5 5/5 5/5

FDS; functional disability scale, CMTNS; CMT neuropathy scale, TA; tibialis anterior muscle, EHL; extensor hallucis longus muscle, EDL;
extensor digitorum longus muscle, Peronei; peroneus longus and brevis muscles, PF; plantar flexors (gastrocnemius and soleus muscles), LTF;

long toe flexors (flexor hallucis longus and flexor digitorum longus muscles), TP; tibialis posterior muscle, 0 / 07

left sided number from

slash indicates MRC grade of right leg and right sided number indicates that of left one

of glofo] g Fele} Almbgo] Qx| Lohwy $lstol
Spearman correlation® AFEEFTH p ZFo] 0.05 =]qkel
HSE BEAHoR ou] gl Autz wusigtt B4 R4

-2 SPSS for Windows, Ver, 12,0 (SPSS Inc., Chicago)E&
olgstel A,
= M
1. 92 &4
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Table 2. Length of tibia and cross sectional areas of lower legs in 19 axonal CMT patients with MFN2 mutations

Case Age at exam Length of tibia Normal( A Cross secltional area (mmz)
No. (years) (mm) length Ofwtlbla Upper cross Middle cross Lower cross
Right Left  Diff. (mm) Right Left % Diff. Right Left % Diff.  Right Left % Diff.
Early age onset ( <10 years)
1 M 13 329 331 2 301.6-366.4" 2965 2887 2.7 1925 1891 1.8 1288 1292 0.3
2 F 37 288 289 1 301.7-369.1° 2200 2115 4.0 1314 1472 12.0 1109 1142 3.0
3 M 6 261 263 2 202.7-264.3° 2915 2968 1.8 1645 1674 1.8 961 946 1.6
4 F 35 288 289 1 301.7-369.1° 2565 2430 5.6 1823 1638 113 1349 1329 1.5
5 F 12 301 302 1 284.7-352.3° 2215 2067 72 1391 1286 8.2 1095 1086 0.8
6 F 33 283 282 1 301.7-369.1° 2288 2283 0.2 1872 1858 0.8 1339 1327 0.9
7 M 14 308 312 4 305.6-372.2° 2741 3057 115 1953 2081 6.6 1438 1424 1.0
8 F 6 213 211 2 194.9-255.7° 1305 1309 0.3 957 910 52 732 738 0.8
9 F 22 296 297 1 301.7-369.1° 1414 1372 3.1 927 942 1.6 781 819 4.9
10 M 3 181 186 5 162.2-196.8" 1183 1236 4.5 799 867 8.5 637 631 1.0
Late age onset (> 10 years)
11 F 12 346 342 4 284.7-352.3° 4505 4442 1.4 2938 3147 7.1 1681 1793 6.7
12 M 26 348 348 0 319.9-386.9° 8583 7859 9.2 4826 4164 16.0 2325 2047 13.6
13 F 64 327 327 0 301.7-369.1° 4595 4603 0.2 3545 3423 3.6 2060 1935 6.5
14 F 45 367 371 4 301.7-369.1° 4420 5222 18.1 3975 4351 9.5 2461 2768 12.5
15 F 40 345 347 2 301.7-369.1° 6361 6718 5.6 4378 4499 2.8 2315 2417 44
16 M 37 383 381 2 319.9-386.9° 5341 6797 273 3955 4882 23.4 2303 2475 1.5
17 F 52 348 351 3 301.7-369.1° 5256 5021 4.7 3751 3746 0.1 2228 2044 9.0
18 M 38 405 407 2 319.9-386.9° 5584 5621 0.7 4098 4216 2.9 2508 2453 22
19 F 49 361 358 3 301.7-369.1° 6301 6191 1.8 5155 4974 3.6 2832 2868 1.3

a; meant2 standard deviation of length of tibia with age matched male, b; meant2 standard deviation of length of tibia with 15-year old
female, c¢; mean+2 standard deviation of length of tibia with age matched female, d; meant2 standard deviation of length of tibia with

16-year old male

Table 3. Fatty infiltration of lower leg muscles in MRI of 19 axonal CMT patients with MFN2 mutations

Case Anterior compartment Lateral compartment Superficial posterior C. Deep posterior C.
No. TA EHL EDL PL PB SOL GM FHL TP FDL
Early age onset ( < 10 years)
1 3/ 3 3/3 3/3 3/3 474 3/3 3/3 3/3 3/3 3/3
2 474 474 474 4174 4174 474 474 474 4174 474
3 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1
4 474 474 474 4174 4174 474 474 474 4174 474
5 3/3 474 3/3 3/3 4174 474 474 3/3 3/3 3/3
6 474 474 474 4174 4174 474 474 474 4174 474
7 474 474 474 4174 4174 474 474 474 4174 474
8 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1
9 3/3 3/3 3/3 3/3 474 3/3 3/3 3/3 3/3 3/3
10 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1
Late age onset (= 10 years)

11 21/2 2172 1/1 3/3 3/3 474 3/3 1/2 1/2 1/2
12 2/1 1/1 1/1 21/2 21/2 1/1 1/1 0/1 0/0 0/0
13 21/3 3/3 212 3/3 3/3 474 474 3/3 3/3 3/3
14 3/2 3/2 3/2 3/2 3/3 474 474 474 1/1 2172
15 2/1 271 271 3/3 3/3 474 474 1/1 1/1 1/1
16 2/1 271 271 21/2 21/2 474 3/3 1/1 1/1 1/1
17 0/0 0/0 0/0 1/0 1/1 474 3/4 0/0 0/0 0/0
18 1/2 1/2 1/2 3/2 3/2 474 3/3 1/2 1/1 1/2
19 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0

TA; tibialis anterior muscle, EHL; extensor hallucis longus muscle, EDL; extensor digitorum longus muscle, PL; peroneus longus muscle, PB;
peroneus brevis muscle, SOL; soleus muscle, GM; gastrocnemius muscle, 3/3" left sided number from slash indicates degree of fatty
infiltration of right leg and right sided number indicates that of left one, Degree of fatty infiltration; ‘0’ = no fatty infiltration, ‘1’ = some fatty streak,

2 = fat < muscle’, ‘3 = fat = muscle’, ‘4 = fat > muscle’™®
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Figure 2. Compound muscle action potentials (CMAPs) of
CMT2 patients with MFN2 mutations. CMAPs showed marked
contrast between early age onset and late age onset (EO, early
age onset; LO, late age onset).

4
hﬂ
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AR XE 3/42/4, 1/4 oA BE 27
| FolstA | ATk(p<0.01)(Table 2).

et oF 2o ARt A, HE Aol Apo|R gt FFE
N}, ZF I 375 TR, 4, 7, 12, 14, 16)of|A]

Figure 3. Lower leg MRIs of CMT2 patients with MFN2 mutations. T1 axial images of case number 1 (Al,
early age onset, 12 years of disease duration) shows marked fatty infiltration of anterior, lateral and posterior
late age onset, 22 years of disease duration) shows

compartments. T1 axial images of case number 14 (BI,

marked fatty infiltration of posterior compartment (arrow) and shows less severe fatty infiltration of anterior and

lateral compartments (upper calf). Lower leg MRIs also explains the asymmetric motor involvement of lower
legs. In case number 16 (C, T-weighted axial image), more severe lower leg muscle weakness of right leg can

be explained by more prominent atrophy of right leg and MRI of this patient showed smaller cross- sectional

areas of right leg than left one. In case number 18 (D, fat suppressed T2 weighted axial image), more severe

weakness of left leg can be explained by more severe fatty infiltration, edematous change and enhancement of

anterior compartment on left side (arrowhead).

28 HHRPMESIRIN 257 M1, 2007



MFN2 SFX} S0H0|7} A= %488 Charcot—Marie—Tooth X122 S1X] MRI E4

oF 312 o] 10% o[k Aol7k Lhs b WASKATE  (Fig. 8-A). F7/MEOIAE MRICIA So] A7do] wWriw 4]
2Iokel 1991 Bhxjol 21 78o] 7bg Falo] e 129 24

4, A W, BF Y 22 BY 2 Aol 199 BN S e FATHA e
Tt o AR JEe] AHE 2 Hol § 274y

27 PRI S ] A ee) ope] AR U3t 23t Xjol2 BeltkFig, 3-B). 71Ee) e At
tH(Table 3). £7]WY] +11, % FUTE 3.0

o A9 108 BE A dAFAT  AUTEA 14209, ZW7E 2.1
Wl sie] BE TN BUT AR A WS BAT 416, 2 FAFYL 1141090k S1H9] H w1 A

Table 4. Edema and gadolinium enhancement of lower leg muscles in MRI of 19 axonal CMT patients with MFN2 mutations

Case Anterior compartment Lateral compartment Superficial posterior C. Deep posterior C.
No. TA EHL EDL PL PB SOL GM FHL TP FDL
Early age onset ( <10 years)
1 Edema A/A A/l A A/l A Al A A/l A Al A Al A A/l A Al A Al A
Enhancement A/l A A/l A A/l A A/l A A/l A Al A Al A A/l A Al A Al A
2 Edema +/+ +/+ +/+ +/+ A/l A Al A Al A A/l A Al A Al A
Enhancement A/A A/A AlA +/+ A/l A A/ A A/ A A/ A A/ A A/ A
3 Edema +/+ +/+ Al A +/+ +/+ +/+ +/+ +/+ +/+ +/+
Enhancement +/+ +/+ A/lA +/+ +/+ +/+ +/ 4 +/+ +/+ +/ 4
4 Edema A/l A A/l A A/l A Al A A/l A Al A Al A A/l A Al A Al A
Enhancement A/l A A/l A A/l A Al A Al A Al A Al A A/l A Al A Al A
5 Edema A/l A A/l A A/l A A/l A A/l A Al A Al A A/l A Al A Al A
Enhancement A/l A A/l A A/l A A/l A A/l A Al A Al A A/l A Al A Al A
6 Edema A/l A A/l A A/l A A/l A A/l A Al A Al A A/l A Al A Al A
Enhancement A/l A A/l A A/l A A/l A A/l A Al A Al A A/l A Al A Al A
7 Edema A/l A Al A A/l A A/l A Al A Al A Al A A/l A Al A Al A
Enhancement A/l A A/l A A/l A A/l A A/l A Al A Al A A/l A Al A Al A
8 Edema +/ 4+ A/l A A/l A Al A A/l A Al A Al A A/l A Al A Al A
Enhancement A/l A A/l A A/l A A/l A A/l A Al A Al A A/l A Al A Al A
9 Edema Al A A/l A A/l A A/l A A/l A Al A Al A A/l A Al A Al A
Enhancement A/l A A/l A A/l A A/l A A/l A Al A Al A A/l A Al A Al A
10 Edema A/l A A/l A A/l A A/l A A/l A Al A Al A A/l A Al A Al A
Enhancement A/l A A/l A Al A A/l A Al A Al A Al A A/l A Al A Al A
Late age onset (> 10 years)
11 Edema +/+ A/l A A+ A/l A A/l A +/+ +/+ +/+ +/+ +/+
Enhancement +/+ A/lA A/A A/ A A/lA +/4 A/ A +/+ +/4 +/+
12 Edema +/+ Al A A/l A A/l A Al A Al A +/+ A/l A Al A Al A
Enhancement +/+ A/lA A/l A A/A A/lA A/ A +/+ A/ A A/ A A/ A
13 Edema A/l A A/l A A/l A A/l A A/l A +/+ Al A A/l A +/+ Al A
Enhancement A/l A A/l A A/l A A/l A A/l A Al A Al A A/l A Al A Al A
14 Edema +/ 4+ A/l A A/l A A/l A Al A +/+ Al A A/l A Al A Al A
Enhancement A/lA A/lA A/lA A/l A AlA +/+ A/ A A/ A A/ A A/ A
15 Edema A/l A A/l A A/l A A/l A A/l A +/+ +/ 4+ A/l A Al A Al A
Enhancement A/ A A/lA A/l A A/lA AlA +/+ +/+ A/ A A/ A A/ A
16 Edema +/ 4+ A/l A A/l A A/l A A/l A +/+ +/ 4+ A/l A Al A Al A
Enhancement +/+ A/lA A/lA A/lA A/l A +/ 4 +/+ A/ A A/ A A/ A
17 Edema Al A A/l A A/l A A/l A Al A +/+ Al A A/l A Al A Al A
Enhancement A/A A/l A A/A A/A AlA +/+ A/ A A/ A A/ A A/ A
18 Edema +/+ +/+ +/+ A/l A A/l A +/+ Al A A+ A+ A+
Enhancement +/+ +/+ +/+ A/lA A/l A A+ A/ A A/ A A+ A/ A
19 Edema A/l A A/l A A/l A A/l A A/l A A+ Al A A/l A Al A Al A
Enhancement A/ A A/ A A/ A A/ A A/ A A+ AlA A/ A A/ A A/ A

TA; tibialis anterior muscle, EHL; extensor hallucis longus muscle, EDL; extensor digitorum longus muscle, PL; peroneus longus muscle,
PB; peroneus brevis muscle, SOL; soleus muscle, GM; gastrocnemius muscle, A; absent, +; presence of abnormality, A/A" left sided symbol
from slash indicates right leg and right sided symbol indicates left one
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