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Clinical and Genetic Characteristics in Patients of
Charcot-Marie-Tooth type 2A with Mitofusin 2 (MFN2) Mutations
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Background: Mitofusin 2 (MFN2) is a membrane protein and is an essential component of mitochondrial fusion
machinery. Mitochondrial fusion is essential for various biological functions in mammalian cells. Thus mutations
in MFN2 are the underlying cause of Charcot-Marie-Tooth neuropathy type 2A (CMT2A). However, there has
been no reports investigating the MFN2 genes in Korean CMT patients. Therefore, we investigated to find the
clinical and genetic characteristics in Korean patients with the MFN2 gene mutation.

Methods: We examined the mutations of the MFN2 gene in 137 Korean CMT families. According to criteria from
the European CMT consortium, CMT2 was 45 families. Mutations were confirmed by both strands sequencing.
Nerve conduction studies were carried out in CMT patients having each mutation.

Results: Eight pathogenic mutations were found in 10 families. Six mutations (Leu92Pro, Gly127Asp, His165Arg,
Ser263Pro, Arg364Trp, Met376Thr) were determined to be novel, and those were not detected in the 100 healthy
controls. A de novo missense mutation was found in three CMT families (30%). The frequency of the MFN2
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mutation was 22.2%, which was higher than those found in
the Cx32 mutation. In CMT2A, the frequencies with early
age at onset (<10 years) and flat feet were 46.2%.
Conclusions: We found MFN2 mutations in patients with
sporadic or dominantly inherited CMT. In the majority of
cases with CMT type 2, the axonal neuropathy, may be due
to MFN2 mutations.
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Table 1. Sequence of the oligonucleotide primers and PCR product sizes for mutation screening of the MFN2 gene

Region Primer name Sequence (5'-3") PCR product size

Exon4 MFN2 4F TCCAGACTTGGGACTGTGGAAC 284
MFN2 4R TGGAACGTTCTGTGACCTTGCAC

Exon5 MFN2 5F CCAGGCTGGTATCTGCGTTGTGA 306
MFN2 5R GTGTCACAACGGAGGACTTGCTC

Exon6 MFN2 6F TGTGATGCAGCGGCACAGGAAATC 248
MEFN2 6R TGGTGCCTTCCAGTTTGGACCTC

Exon7 & 8 MFN2 7F TAGGGCTCCTGCTCTGCCTGATGA 425
MFN2 8R AGTGCTCCCTCGGGGTTGCATTC

Exon9 MFN2 9F GCCCAGCCTCTTATGACCTATTC 323
MFN2 9R TGACAGACTCCTCAGCACGAGAC

Exonl0 & 11 MFN2 10F CTGCTGCCAAGTTGTTTCTGGAC 409
MFN2 11R TCCACCTATCTGCAGTCTTGGAC
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Table 2. Mutations found in MFN2 gene in Korean CMT2A pedigrees

Exon Domain  Nt. change AA change Family ID  Inheritance =~ Phenotype Reference

Exon 4 GTPase ¢.275T>C  Leu92Pro FC34 De novo CMT2, severe Novel

Exon 4  GTPase  ¢.280C>T  Arg94Trp FC25 AD CMT2, severe  Ziichner et al., 2004
FC113 AD CMT2, severe

Exon 5 GTPase  ¢314C>T  Thrl105Met FC135 De novo CMT2, mild Ziichner et al., 2004; Lawson et al., 2005

Exon 5 GTPase c.380G>A  Glyl127Asp FC48 De novo CMT2, mild Novel

Exon 6  GTPase ¢.494A>G  Hisl65Arg FC81 AD CMT2, mild Novel
FCI111 AD CMT2, mild

Exon 8  GTPase c¢.787T>C  Ser263Pro FC52 AD CMT2, mild Novel

Exon 11  Middle c.1090C>T  Arg364Trp FC87 AD CMT?2, severe  Novel

Exon 11 Middle c.1127T>C  Met376Thr FC70 AD CMT2, mild Novel

Nucleotide numbering; The A of ATG translation initiation site as +1, Reference sequence accession number is NM 014874.

Thr105Met
Gly127Asp *
Leu92Pro* l-lisl65Arg* Arg364Trp *
Arg94Trp Ser2 63Pr0* Met376Thr *
1 2 3 4 5 6 78 9 1011 12131415 1617 18 19
P-loop Ce ™ Cce
2,000 bp GTPase fzo_mitofusin

Figure 1. Genomic structure and mutations of MFN2. We found Leu92Pro, Glyl27Asp, Hisl65Arg, Ser263Pro, Arg364Trp and
Met376Thr in MFN2 gene. The Arg94Trp and Thr105Met mutations in the MFN2 tail domain was reported previously (Ziichner et
al, 2004). Solid black boxes and solid white boxes indicate protein coding sequences and untranslated sequences, respectively. Novel

mutations are indicated by an asterisk(*). P-loop; GTP-binding site motif, Cc; coiled-coil domain, TM; transmembrane domain,

GTPase; GTPase functional domain, fzo mitofusin; fzo mitofusin functional domain.
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Mitofusin 2 (MFN2) S7FX S¢HHO|7}

Figure 2. Phenotype of CMT2A patient with MFN2 mutation.
Bilateral leg muscle atrophy was prominent in FC34 patient
with Leu92Pro mutation. His feet deformities displayed the flat
feet rather than high-arched feet.
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Figure 3. Pedigrees of CMT2A families with MFN2 mutations. The available DNA samples are indicated by asterisks (*). The
open symbols stand for unaffected males ([J]) and unaffected females (O). The filled symbols represent affected males (H) and
affected females (@). The arrows indicate the proband. (A) FC34 with Leu92Pro, (B) FC25 with Arg94Trp, (C) FC113 with
Arg94Trp, (D) FC135 with Thr105Met, (E) FC48 with Glyl27Asp, (F) FC81 with Hisl65Arg, (G) FC111 with Hisl65Arg, (H)
FC52 with Ser263Pro, (I) FC87 with Arg364Trp, and (J) FC70 with Met376Thr.
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Figure 5. Frequency distribution of age at onset in CMT2A
patients with MFN2 mutation. Solid black boxes and solid
white boxes indicate male and female, respectively.
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Figure 4. Chromograms of four CMT2A families with MFN2
mutations. (A) Sequencing analysis of MFN2 exon 4. The 92nd
codon was CTG encoding Leu (leucine) in normal sample,
whereas, it was replaced into CCG encoding Pro (Proline) in the
patient sample. (B) In MFN2 exon 11, the 376th codon was
ATG encoding Met (methionine) in normal sample, whereas, it
was replaced into ACG encoding Thr (threonine) in the patient

sample. (C) In MFN2 exon 6, the 165th codon was CAT
encoding His (histidine) in normal sample, whereas, it was
replaced into CGT encoding Arg (arginine) in the patient sample.
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Figure 6. Scatter diagram and regression analysis between onset
age and functional disability scale in CMT2A patients with

MFN2 mutations.
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