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Therapeutic trials, medical alert for specific drugs and anesthesia
for patients with Charcot-Marie-Tooth disease

Kensuke SHIGA, M.D.

Department of Neurology, Kyoto Prefectural University, Graduate School of Medicine, Kyoto

Tremendous progress has recently been made in diagnostic procedures in neurophysiol-
ogy, pathology, and genetics for Charcot-Marie-Tooth disease (CMT), one of the most common
hereditary neuropathies. On the other hand, no beneficial effect has been shown in at least
more than two randomized controlled trials (RCTs) in medical therapeutics or rehabilitation
approach. However, this decade, in which the pivotal molecular mechanisms for CMT have
been elucidated, has seen some beneficial effects in model animals for CMT. Based on the
positive findings in these experiments, several RCTs were carried out in humans, a great
leap in future therapies for CMT. The critical overview of animal experiments and human

RCTs for CMT, together with potentially risky drugs and anesthesia for patients with CMT, is
discussed.

Key Words : Charocot-Marie-Tooth disease, therapy, ascorbic acid, curcumin, ranomized con-
trolled trial, adverse effect, anesthesia
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Dermatomyositis developed in a recipient of allogeneic BMT;
the differentiation of chronic GVHD and autoimmune disease

Bone Marrow Transplantation advance online publication,
13 June 2011; doi:10.1038/bmt.2011.125

Dermatomyositis-like features occurring after allogeneic
BMT were thought to be a rare presentation of chronic
GVHD (cGVHD).'™* Herein, we report a male patient who
developed dermatomyositis 14 years after allogeneic BMT.
This 24-year-old man was admitted to our hospital with
myalgia and muscle weakness in his upper and lower
extremities. Examination of his medical history revealed
that he had received an allogeneic BMT from an HLA-
matched unrelated female donor as a rescue for relapsed
ALL at the age of 10 years. The transplant was performed
with a conditioning regimen of BU, CY and etoposide with
a GVHD prophylaxis of CsA and short-term MTX. A
complete engraftment was obtained on day 16. Genotyping
using XY-FISH analysis of a BM sample taken at day 26
revealed that 98.8% of whole nucleated cells were of donor
origin, suggesting that complete chimera was achieved. The
post-transplant course was smooth and uneventful with
grade 1 acute GVHD of the skin. Since day 368, he has
been free from immunosuppressants for over a decade.
On admission, he complained of proximal muscle
weakness at all his extremities, with a grade 3/5 on Medical
Research council scale. Otherwise, there were no abnormal
neurological findings. His skin was dry and thickened over
the entire body, with scattered itchy/scaly papules suggest-
ing the presence of cGVHD. Skin biopsy confirmed
" fibrosing dermatitis and hypertrophic sclerosis. In addition,
a heliotrope rash of the face and Gottron’s papules on
the extensor surfaces were noted, indicating that he may
have dermatomyositis rather than ¢cGVHD. Laboratory
examinations showed elevated values of creatine phospho-
kinase (1842 TU/L; reference values 36-177 IU/L), aspartate
aminotransferase (108IU/L; reference values 12-35IU/L)
and lactate dehydrogenase (697 IU/L; reference values 114-
2431U/L). The anti-nuclear Ab was positive at 1:640, but
anti Jo-1 Ab was negative. A T2-weighed magnetic
resonance imaging scan showed high signals in the deltoid
and trapezius muscles. An electromyogram of the right
deltoid showed fibrillations, and short-duration low-ampli-
tude motor-unit potentials, consistent with a myopathic
process. Muscle biopsy of the left deltoid demonstrated that
muscle fiber was remarkably atrophic in the perifascicular
areas. A substantial number of inflammatory mononuclear
cells were noted in the endomysium, perimysium and peri-
vascular regions. These infiltrating cells were predominantly
CD4+ (Figures 1a—c). At this time, re-analysis of XY-FISH
of whole nucleated cells in peripheral blood revealed that
XY-positive cells increased up to 87%, indicating that he

was in a mixed chimeric status. Therefore, to determine the
origin of infiltrating CD4 + cells, genotyping with XY-FISH
analysis was carried out using a paraffin-embedded muscle
specimen. It was revealed that infiltrating cells in the muscle
clearly had a Y-positive phenotype (Figure 1d). On the basis
of these findings, he was diagnosed with autoimmune dermato-
myositis and not cGVHD, and treated with 60 mg/day oral
prednisolone. His muscle weakness improved dramatically
in a few days, and his creatine phosphokinase level decreased
to 281TU/L in 2 weeks. The prednisolone was gradually
tapered to 20 mg/day over the following 4 months. At 6 months
after admission, he had no recurrence of any muscle weak-
ness or myalgia, and his skin eruption had improved.
Although dermatomyositis is often associated with malig-
nancy, there was no symptom or laboratory abnormal finding
related to the presence of malignant disease including recur-
rence of ALL at the time of diagnosis. Furthermore, BM
examination also confirmed no recurrence of ALL 18 months
after the diagnosis of dermatomyositis.

Both polymyositis and dermatomyositis can occur afier
BMT.S Dermatomyositis shows skin manifestations includ-
ing a heliotrope rash and Gottron’s papules.®” However,
c¢GVHD-related muscle complications of fascilitis/myositis
are very rare. We found only six cases of BMT-related
dermatomyositis in the literature,'™ which developed at 4—
52 months after transplantation. Of a total of seven cases
including ours, patients were aged 24-51 years, four were
female, and five were diagnosed histopathologically. How-
ever, only ours was characterized for the immunopheno-
types and genotyping of infiltrating mononuclear cells,
which showed predominantly recipient-type CD4+ T-cell
infiltration, compatible with the findings of dermatomyo-
sitis.®7 However, in ¢cGVHD-related diseases, interactions
between donor CD8 + cells and host cells must take place,
which lead to the inflammatory disease.

Clinical features of dermatomyositis/juvenile dermato-
myositis can sometimes resemble those of cGVHD.?
Maternal microchimerism may have a role in the immuno-
pathogenesis of juvenile dermatomyositis, where chimeric
cells include high frequencies of IFN-o-secreting T cells in
response to host cells.5® However, it is undetermined
whether the chimeric CD4+ T cell itself attacks host cells
in targeted organs in (juvenile) dermatomyositis patients.®
However, in other autoimmune diseases, such as systemic
lupus erythematosus (SLE), type I IFN contributes to the
peripheral tolerance breakdown through the activation of
immature myeloid DCs, which activate autoreactive T cells.>*
Collectively, we assume that the presentation of mixed
chimerism probably contributed to the overexpression of
[FN, which lead to the activation of the autoreactive
recipient CD4 + T cells in the affected muscles in this case.
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Figure 1 Cross section of a muscle biopsy sample. (a) Muscle fiber atrophy that was remarkable in the perifascicular areas. A substantial number of
inflammatory mononuclear cells were noted both in the endomysium and perimysium (hematoxylin and eosin staining X 100); (b) stained with anti-CD4
(% 200); (c) stained with anti-CD8 antibodies ( x 200). Infiltrated T lymphocytes were predominantly stained for CD4+. (d) Genotyping analysis of
infiltrating cells by FISH using a Y-chromosome-specific probe. Infiltrating cells show the Y-positive phenotype, indicating that these cells originated from
the recipient. The green signal (arrow) indicates a Y-chromosome. The orange signal indicates an X-chromosome.

This is the first report demonstrating the origin of
infiltrating CD4+ T cells in a patient with dermatomyo-
sitis who was a recipient of allogeneic BMT. This is an
extremely rare complication, and these findings suggest the
importance of chimerism analysis in any allogeneic BMT-
related dermatomyositis cases to define the precise nature
of the disease.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgements

We thank Dr Shinsaku Imashuku for his critical reading of the
manuscript.

K Sakamoto!, T Imamura!, F Niwa?, S Komori®,
Y Ishihara*, K Shiga®, M Ito® and

H Hosoi!

' Department of Pediatrics, Graduate School of

Medical Science, Kyoto Prefectural

University of Medicine, Kyoto, Japan;

2Department of Neurology, Graduate School of

Medical Science, Kyoto Prefectural

University of Medicine, Kyoto, Japan;

*Department of Dermatology, Graduate School of

Medical Science, Kyoto Prefectural

University of Medicine, Kyoto, Japan;
*Department of Pediatrics, Fukui Aiiku Hospital,

Fukui, Japan and

Bone Marrow Transplantation

—164—

*Department of Pathology, Nagoya First Red
Cross Hospital, Nagoya, Japan
E-mail: imamura@koto kpu-m.acjp

References

—

Allen JA, Greenberg SA, Amato AA. Dermatomyositis-like
muscle pathology in patients with chronic graft-versus-host
disease. Muscle Nerve 2009; 40. 643-647.

2 Ollivier I, Wolkenstein P, Gherardi R, Wechsler J, Kuentz M,
Cosnes A et al. Dermatomyositis-like graft-versus-host disease.
Br J Dermatol 1998; 138: 558-559.

3 Tsunemi Y, Ihn H, Nakamura K, Tamaki K. Post-transplantation
chronic graft-versus-host disease with overlapping features similar to
those of various collagen diseases. Int J Dermatol 2003; 42: 292-294.

4 Arin MJ, Scheid C, Hiibel K, Krieg T, Groth W, Haerrmann

G. Chronic graft-versus-host disease with skin signs suggestive

of dermatomyositis. Clin Exp Dermatol 2006; 31: 141-143.

Stevens AM, Sullivan KM, Nelson JL. Polymyositis as a

manifestation of chronic graft-versus-host disease. Rheumato-

logy 2003; 42: 34-39.

Feldman BM, Rider LG, Reed AM, Pachman LM. Juvenile

dermatomyositis and other idiopathic inflammatory myo-

pathies of childhood. Lancet 2008; 371: 2201-2212.

7 Dalakas MC, Hohlfeld R. Polymyositis and dermatomyositis.
Lancet 2003; 362: 971-932.

8 Reed AM, McNallan K, Wettstein P, Vehe R, Ober C. Does
HLA-dependent chimerism underlie the pathogenesis of
juvenile dermatomyositis? J Immunol. 2004; 172: 5041-5046.

9 Banchereau J, Pascual V. Type I interferone in systemic lupus
erythematosus and other autoimmune disease. Immunity 2006;
25: 383-392.

10 Greenberg SA, Pinkus JL, Pinkus GS, Burleson T, Sanoudou D,

Tawil R e al. Interferon-alpha/beta-mediated innate immune

mechanisms in dermatomyositis. Ann. Neurol 2005; 57. 664-678.

W

[=)}



O SfERE

8. KRigtHREE

1) Charcot-Marie-Tooth JRDIRAEMEIE TSR

BRERFRFRERFEATTARREAR - ZHEREME BOEX

R &g His &

key words microarray DNA chip, next generation genome sequencer, PMP22 duplication, MFNZ,

aminoacyl-tRNA synthetase

E B

Charcot-Marie-ToothjE (CMT) o & KM {E
FI30 EHEINTE Y, BENE X EE
FEEIEHETH S, CMTOHRLESVEETH
% peripheral myelin protein 22 (PMP22) D%
W3 EFEFEHE I X % fluorescence in situ
hybridization (FISH) ¥ CHRHEHETH 3 03,
ZDMOBEFEFEEZETAI V-2V T3
REKRFH LBRAMBETH L. TR, #
SEEEDY — 2 v AP DHPLC (denaturing
high performance liquid chromatography) &
i & BBEETBHMBMTONTERD, Ihsim
ZCCMTOEBGBFEERE2R My oB&E L
icxsdv4 77V ADNAT Yy 7THBREZ
h, 27TOMEFERAKBICRA 7Y - gL
ol ZORERBE L ZOEREERTFRENSTE
RANBIR W2, —H, KEWCEWTSFHH
h CMT OBEFZWRT LR, WHEAOES &
rORERETHESERI N, Zhohb,
BREWRBEFEFOREE S, PMP22OE
BHITH5CMTIAZ BRITEW20%TH Y, K

HEETFSREHOEMES I LPHERSN

fe. F0H, SHELFLOREBETFOREDS
BrEZ oh, ERCEFEROFRERRERET

PHEIN TS, 2010FE i HRr—F7 =
v—%2Bw, HADY ) LA&EERS R BT
3 L¢, SHITC2EIETFARIC X 5 CMT4C &
R Z D TORENRINEY, &85, X
ERY =27 2o — EOERGEE TSI X
h, EEBEFOFHERBMEL, CENMEET
ZWCHAA IR T a5,

B M

1991 4z Lupski & S PMP22 D E#5s CMT1A
DEECHS EHED LTUR, TC308E
O CMTREEEEFSHREI LT3 ED. K
KTk, WO CMTEEBEFZH %, 6
JFed Sanger gD > — 7 X AN R VW THEE
MILfT>Tw3, —75, FRTRPMP22R4 D
BEFZHEEENICZTHON TR, EE,
CMTEREEFEZH/BENICA I Y —=Vv 73
HAEWTHhN TS, ¥4 72714 DNAF v
TERBWEFETE, DNAFy 7 ERETHZIN
7227TOCMTERBEF2RE2H C2H T
¢, HEHERTWS,

—%, FEETP XY A COREBETENICT, K
REEFOLRIES X REFGEETRESRE
INTBY, MBS 5, i, EEHER

—165—



268  Annual Review & 2012 Il #HEER 8. HMmEsE

#1 Charcot-Marie-ToothiBOFEERIETF CUR19 & h&kE) e

CMT 1 (BifEH %) ,
CMT1A PMPZ2 (peripheral myelin protein 22)
CMT1B MPZ (myelin protein zero)
CMTIC LITAF (lipopolysaccharide-induced TNF factor)
CMTID EGR2 (early growth response 2)
CHN SOX10 (sex determining region Y-box 10)
CMTIE MPZ (myelin protein zero)
CMTIF NEFL (neurofilament, light polypeptide)

CMT 4 (Bi%E #%)
CMT4A GDAPI (ganglioside-induced differentiation associated protein 1 )
CMT4B1 MTMRZ (myotubularin related protein 2)
CMT4B2 SBFZ (SET binding factor 2)
CMT4C SH3TCZ (SH3 domain and tetratricopeptide repeats 2)
CMT4D NDRG! (N-myc downstream regulated 1)
CMT4E EGRZ (early growth response 2}
CMT4F PRX (periaxin)
CMT4G HKI (hexokinase 1)
CMT4H FGD4 (FYVE, RhoGEF and PH domain containing 4)
CMT4J FIG4 (FIG4 homolog, SACI lipid phosphatase domain containing)

CMT X (X 3HfHiE)

~CMTX1 GJBI (gap junction binding protein beta 1)
CMTX5 PRPS! (phosphoribosyl pyrophosphate synthetase 1)
T CMT 2 (W52 &HE)

CMT2A1 KIF1B (kinesin family member 1B)
CMT2A2 MENZ (mitofusin 2)
CMT2B RAB7 (rab-protein 7)
CMT2C TRPVY (iransient receptor potential cation channel, subfamily V, member 4)
CMT2D GARS (elycyl-tRNA synthetase)
CMTZE NEFL (neurofilament, light polypeptide)
CMTZF HSPBI (heat shock 27kDa protein 1 )
CMT2G  unknown
CMTZH unknown
CMT2I/] MPZ (myelin protein zero)
CMT2K GDAPI (ganglioside-induced differentiation associated protein 1)
CMT2L HSBPS8 (heat shock 22kDa protein 8)
CMTZM DNMZ (dynamin 2)
CMT2N AARS (alanyl-tRNA synthetase)

CMT 2 (WhsREd %)
AR-CMT2A LMNA (lamin A/C)
AR-CMT2B MEDZ25 (mediator complex subunit 25)
GAN GANI (gigaxonin 1)
ACCPN KCC3 (K-CI cotransporter family 3)
SCAN1 TDP! (tyrosyl-DNA phosphodiesterase 1)
AOCA1l APTX (aprataxin)
AOA2 SETX (senataxin)
minifascicular neuropathy DHH (desert hedgehog)

CMT 2 (%)
CMT DIB  DNMZ (dynamin 2)
CMT DIC  YARS (tyrosyl-tRNA synthetase}

CHN: congenital hypomyelinating neuropathy, GAN: giant axonal neuropathy, ACCPN: agenesis of the
corpus callosum with peripheral neuropathy, SCAN: spinocerebellar ataxia w1th axonal neuropathy, AOA:
ataxia with oculomotor apraxia
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