4

EFCMTIACHTATAINE Y EESD
AU oW TEBLAILRF+4Tiddh 525
EFEHCHMLTRARMCHEZ RO
ZEdD, TRAINE YB20me/kg/ BIESH
HWTHHREEHRBE 2N 20065E 3 A
Ih,3—gyitBwT, TAINY YEi%
HAwZzCMTIA K+ 5 ZEH KRR (CMT-
TRIAAL) 2B hTHh ¥, 2RI
hadLZATHhS,

|EIZ, FNVIR2LAF FIZEAREFR
BoMmM ML Tid. BB A T3 Triplex-
formationic X 2F VTR 2 LI F Fizd 3
PMP2ZO 70— 9 —diR e BEHICHEST
H2RAWinviroDFZTREINTWEDAT
27, siRNA® Y HH¥F 4 A% ¥ RNA 4+
L 7-faoo M= T S B IOM) £ 12 drug delivery F
OHEHEAE (. CMTIAIZBM L T® in vivo®
MEX. BRLL2EY)TRELTFELEZ Y.

3. PMP22AEZERICE BCMTICH T 5888
e
3-1. PMP22AERIZE B2 —ONF—D
SFRE

CMTIAZ*PMPZZRIZF ORI RIZI D
REL. BEMIZIIERNY - =2—0n
F—%BTo0I8L, PMP2ZORERIZE
A= a—u,iF—"Tli, LB O heredi-
tary neuropathy with liability to pressure
palsies (HNPP) #CMTI# 5, Lt h EE®D
Dejerine Sottas syndrome (DSS). congenital
hypomyelinating neuropathy (CHN) % TH#&
BwEERELZ A2 EFMboNTWVS
(Inherited peripheral neuropathy mutation
database : http://www.molgen.ua.ac.be/
CMTMutations/default.cfm) . PMP22 D7 L —
LY 7 VERRFEVAEROIIEAER
HNPPOZBEB AL Z L HMLNTED,
PMP22 D~ 2 EA R (REK) THNPP & RET
A & FOSTHE (RoRMZHE) 298
EBENTWAE:. EO—AT, 1ALV A0ER

Tii. CMT1. DSS. CHNZ ¥, L hHE®D
Za—unRF—%RETI. TORERF L
L TE R % B @ misfolding | & 5 M F8 # 4 A
MEINTE), ZREQOMBREEOZEIC
Lo THEEAFREZ2WEEI ZF 2602 (B
1)o SALYAHERIZEACMTREICIE.
KALT2202 AL 4 MboTwhE
FEriobhd, B—0AH=LLELTR, EX
% folding 35 X U trafficking * 3% 7 2 A A5
AL, REAFERCEHEMRELERTE S
{ % A (loss-of-function) W REEATE 2 & f,
B_oAH=XAL LTk, ZREQVERT
Y LBRENS PMPREBOREICER
BERIZLAD., H50IEHRANEEAICE
WHERBR L) T542L, MREEERT
Bt (gain-of-function) A% x TV,
PMP22 & B 12 # Wi /M ik (endoplasmic reti-
culum ; ER) 25w T, ER¥ ¥ <0 ¥(Cal
nexinE EFELTWA I EMREATVEY,
PMP22 SERIZE N =2 —anF—RENT
Trembler % 3 (G150D) 35 & UF Trembler-J % 5%
(L16P) O —BERBARICBVT,. TRY
PMP22 X9 RIPMP22 £ HLEE L T L h R\B§
MER:XFETAZLHRENTEDYY, 20
R EREBMIERR FL A, D TIRMIE
HEEEF AT REES R IR TV,
3-2. PMP22AERICE A1 —ONF—(C
T AWM

WREV S LI, AL—tEa A FERD
WAThaZNr v, CMTIBORETS
AMPZOEERx—AMRBA L MEET
WIZBWTERA FLAZRAIL. THRF—2
A2EWHF 0, FhIAZI I TEYN
4 T—WEFNTLHT IO FOFEREZEH
4 7: W2 cystic fibrosis € 7 )V TCFTRE
HOoBRKEMAFEL-DTAZ LML TY
32, tokyicons I ik EREAICE
L misfolding ##F & LAMBICH LTER
O RRT AERAINFES RS, BT
BRI, PMP22 D ERIZEACMTIICEW



o

Wt PMP22 Trembler-J Wt PMP22 Trembler-J
g
A. BRSER B. 773858
M2, 7023850 A FUERPMP22 [L16P] OBRAREDEL

A, ER5H, B. 7073 YB5R.

6 : ERYPMP2O#EBAEEE, PDI ! Protein disulfide isomerase. A. FEHER (Wt PMP22, i) 188
RRSECRAL TS (A-b, o) 2, Tr]ERMED (Trembler-J, ) ZERRIRELTED (A-e), =
—THEPDI () EXRFELTWS (A-D.
545 EREBRELTWAERPMPRZEEVERRCHSA LT 504045 (B-e 0.

O X2 endoplasmic reticulum (ER) ¥ —#

Genet 81: 438-453, 2007 & h ¥

TERRBDER~NOEEMAERR F LA E3]

B.2M2:vel
(Am J Hum

ifﬂﬁmH*H;JM
» MRERFLB <Y

AEZRLLTED,

ERILTwaZEMEMERLTWVWE I ED FEIMMLT WV

O, PMP2Z2HERIZL B = a—urniF—|n AZFCICIZEE L 24 vut:ﬁ‘, D4 AE AT %
LTHoZ 2 3 Y OBEBHESBHFTELT TARERTHTH-DTREVWHEEZS
LS 2, ilze TOBRFTHLLICT S /2%, Helafll

FITbhbhbhit, PMP22 S EROCMT £
FNIIAT %}-Trﬂmha’wi (Tr-]) * 7 A
N7 3 yEEORS (505 5 id 100mgkg
/H) L. i!!i‘ﬁnknf-{n'ukrﬁiif#mﬁﬁ%fru
V. mroy FAoEHRERNCHES LS
MERIELL, 5 L2 vy 3 roRREESE
CHELRLY, T RARCEORS D

BEHWERPMP22 [Tr-]ER : L16P] ©
—ARRARIZINVZ 3 7 (40uM) 285 L
7 A ERIZHEE L TWwWAPMP2Z2ZEAH
HE’&&JE%HE._F?H%U?: (E3)¥, /M
#o ’EEP‘W&@—&%"&:’%THH&@ T
F— 3 A % annexinFITCHETHET 5

Fh—AMREA239% LML Tw7: -.Ef-‘«.”-,
MPMP22RIEF TIT128%) A 2 M2 3 ¥

T3 LADRETETERELE (B2), &
HIZRBREWC iz, 5 #EL-RTIRD X #BEIZEVI2Z3%ITRALEY, Thoo
DSERBBEITEEERLE (B2). 70 ERID,. Z0 237 EREERL-ZR

TIVERSENET] T I AOLFHED
MAMT TR, Y20 #BO7HEF—V AN

PMP2R2EAO*ER»HBR~BRET 2L
CEDERAPLVAZHMLE.ERA P L ABR




GNTEL
e, &t wsp  MRESRS
_— (X=50mg/kg)
\ wT 0 +

—~ 225 & wre %% ¥
E Tr-d 22X +
# 150
b4
-]
o
N o Tr-d e +
a i

TrJ 0 +

Te-d ]

BEREEEEEERE R SEEREREREREE-EESES

#EMEa, 5 ORE (E)

[® 3. Rotarod 847 % v 7z Trembler-J = 2 0 R BRAE I
% 3 S Trembler-J< % A Tit. HEBIHYSE - W25 08 Trembler-J 52 2 LM 5 &, ERYAGE (0
F 0y FAOIBHNM PHBUBLTVAE, SOZA2 I AREBICHL, B12ZMBIZI V2 I Y O8RS
Fopib Al EBEEIIESNICETLA. HEERUANTIRESICEDREBERBL TV,
oo curcumin XS5 E 8. SH &5 dk (E128). (Am J Hum Genet 81: 438-453, 2007 £ 1) %)

HOTHF—ALAMTIBRFENEMZAL X R

2o 1) WM 19 RE=a—onF—OBMKLEN
%8, Peripheral Nerve 18:145-151, 2007
4, SEORI 2) Broerkoel CF, Takashima H, Garcia CA, et al.:

Charcot-Marie-Tooth disease and related neuro-
pathies: mutation distribution and genotype-
phenotype correlation. Ann Neurol 51: 190-

CMT i, BIEHMIITH—LERETH D,
BATH 2L LI OEBRETIHL A

&R Twd, ARTIR.CMTOXEHEE 5D 201, 2002
TWAPMP2Z2RIEFOREIZL HCMTIZER 3) Shy EM: Charcot-Marie-Tooth disease: an up-
ELT. HLWEHRORAZ|BE L. F—2& date. Curr Opin Neurol 17: 579-585, 2004
FEFPNEETHI=2—ONF—THoTh. 4) Serada MW, Meyer zu Horste G, Suter U, et
FORGETFERORNLZBIC L > TRFIE al.; Thera.pel._mc administration afprugesu.ar-
one antagonist in a model of Charcot-Marie-
ELGTFRBLREL:0. &4 OFFRER Tooth disease (CMT-1A). Nat Med 9: 1533-
RS ERERELHLILENHLLEILN 1537, 2003
5, 5. CMTIZMb 5+ DRIETFOFH 5) Passage E, Norreel JC, Noack-Fraissignes P,

LEROFFREL —DTFOMMIZHS DI et al: Ascorbic acid treatment corrects the

ook ~ o phenotype of a mouse model of Charcot-Marie-
LT ZEN, RROCUT RIS 22 > Tooth disease. Nat Med 10: 396-401, 2004
TWwl t#EZz LML, 6

Pareyson D, Schenone A, Fabrizi GM, et al.:
A multicenter, randomized, double-blind, pla-
cebo-controled trial of long term ascorbic




—

—

—

—

-]

—

acid treatment in Charcot-Marie-Tooth dis-
ease type 1A (CMT-TRIAAL): The study proto-
col. Pharmacological research 54: 436-441,
2006

HIIER, BFH2, MBIEM S Charcot-
Marie-Tooth# 1AW T 57 2 a0 ¥ B
S oA OMM, Peripheral Nerve 18: 210-
212, 2007

Khajavi M, Shiga K, Wiszniewski W, et al.:
Oral curcumin mitigates the clinical and neuro-
pathologic phenotype of the Trembler-J mouse:
a potential therapy for inherited neuropathy.
Am J Hum Genet 81: 438-453, 2007
Valentijn L], Baas F, Wolterman RA, et al.:
Alternatively sized duplication in Charcot-Ma-
rie-Tooth disease type 1A. Hum Mol Genet 2:
2143-2146, 1993

Yoshikawa H, Nishimura T, Nakatsuji Y, et al.:
Elevated expression of messenger RNA for
peripheral myelin protein 22 in biopsied
sural nerves of patients with Charcot-Marie-
Tooth disease type 1A. Ann Neurol 35: 445-
450, 1994

Gabriel JM, Erne B, Pareyson D, et al.: Gene
dosage effects in hereditary peripheral neuro-
pathy: exoression of peripheral myelin protein
22 in Charcot-Marie-Tooth disease type 1A
and hereditary neuropathy with liability to
pressure palsies nerve biopsies. Neurology 49:
1635-1640, 1997

Huxley C, Passage E, Manson A, et al.: Con-
struction of a mouse model of Charcot-Marie-
Tooth disease type 1A by pronuclear injection
of human YAC DNA. Hum Mol Genet 5: 563-
569, 1996

Serada M, Criffiths I, Puhlhofer A, et al.: A
transgenic rat model of Charcot-Marie-Tooth
disease. Neuron 16: 1049-1060, 1996
Melcangi RC, Magnaghi V, Galblati M, et al.:
The action of steroid hormones on peripheral
myelin proteins: a possible new tool for the

—

—

—

rebuilding on myelin? J Neurocytol 29: 327-
339, 2000

Robertson JF, Willsher PC, Winterbottom L, et
al.: Onapristone, a progesterone receptor an-
tagonist, as first-line therapy in primary breast
cancer. Eur J Cancer 35: 214-218, 1999

Kaya F, Belin 5, Bourgeois P, et al.: Ascorbic acid
inhibits PMP22 expression by reducing cAMP
levels. Neuromuscul Disord 17: 248-253, 2007
Nehreen H, Bidichandani 51, Hogan ME, et al.:
Competitive binding of triplex-forming oligo-
nucleotides in the two alternative promoters
of the PMP22 gene. Antisense & nucleic acid
drug development 11: 233-246, 2001

D'Urso D, Prior R, Greiner-Petter R, et al.:
Overloaded endoplasmic reticulum-Golgi com-
partments, a possible pathomechanism of pe-
ripheral neuropathies caused by mutations of
the peripheral myelin protein PMP22. J Neu-
rosci 18: 731-740, 1998

Dickson KM, Bergeron JIM, Shames |, et al.:
Association of calnexin with mutant peripher-
al myelin protein-22 ex vivo: A basis for “gain-
of-function™ ER diseases. PNAS 99: 9853-
9857, 2002

Khajavi M, Inoue K, Wiszniewski W, et al.:
Curcumin treatment abrogates endoplasmic
reticulum retention and aggregation-induced
apoptosis associated with neuropathy-caus-
ing myelin protein zero-truncating mutants.
Am J Hum Genet 77: 841-850, 2005

Yang E, Lim GP, Bequm AN, et al.: Curcumin
inhibits formation of amyloid beta oligomers
and fibrils, binds plaques, and reduces amy-
loid in vitro. J Biol Chem 280: 5892-5901, 2005
Egan MF, Pearson M, Weiner SA et al.: Cur-
cumin, a major constituent of turmeric, cor-
rects cystic fibrosis defects. Science 304:
600-602, 2004




Molecular mechanism-specific therapies for CMT1A:
from duplication to point mutation of PMP22

Kensuke SHIGA, M.D. and Masanori NAKAGAWA, M.D.
Department of Neurology,
Kyoto Prefectural University of Medicine, Kyoto

Genetic alterations of peripheral myelin protein 22 (PMP22) result in a wide variety of demy-
elinating forms of Charcot-Marie-Tooth disease (CMT): the duplication results in a relatively
homogeneous CMT1A, while different point mutations lead to distinct neuropathies; from
milder phenotypes (hereditary neuropathy with liability to pressure palsies or CMT1) to se-
verer phenotypes (Dejerine Sottas neuropathy or congenital hypomyelinating neuropathy).
First, for the CMT due to PMP22 duplication, wherein gene dosage effects play a role in its
pathogenesis, therapeutic strategies focus on the inhibition of gene expression, such as ad-
ministration of onapristone or ascorbic acid. As an open trial, we administered daily ascorbic
acid (AA, 20 mg/kg) to 13 patients with CMT1A for 12 weeks. The patients who took AA had
a significantly stronger hand grip compared to those who did not. Second, for the CMT due
to missense mutations of PMP22, wherein distinct cellular toxicity of translated aberrant
proteins seems to account for its molecular pathomechanisms, mitigating the cellular toxicity
may be crucial for the treatment. We here demonstrated that administration of curcumin,
a dietary supplement, in HeLa cells that were transfected with a PMP22 point mutation par-
tially mitigated the accumulation of aberrant PMP22 protein in the endoplamic reticulum.
Administration of curcumin led to the release of PMP22 protein into cytoplasm and decreased
the number of apoptotic cell populations. We also showed in Trembler-J mice, a rodent model
of the corresponding point mutation, that oral administration of curcumin resulted in the
increased number and size of myelinated axons in sciatic nerves leading to improved motor
performance in a dose-dependent manner. We conclude that distinet therapeutic mechanisms
are pivotal for different genetic alterations of PMP22. Likewise, regarding CMT due to genetic
alterations of other genes, it is our views that clarifying distinct molecular mechanisms of
different mutations is the key to the future therapeutic trial for CMT.

Key words : Charcot-Marie-Tooth disease, PMP22, ascorbic acid, curcumin
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Polymyositis with Atypical Pathological Features Associated
with Thymic Carcinoma

Yumiko Azuma, Kensuke Shiga, Ryotaro Ishii, Tatsuyuki Yamaguchi, Fumitoshi Niwa
and Masanori Nakagawa

Abstract

A 66-year-old man was admitted for progressive proximal weakness and myalgia in his shoulder girdles
without skin lesions. A muscle biopsy showed infiltration of inflammatory cells, degeneration of muscle fi-
bers, and perifascicular atrophy. Remarkably, MHC-I antigen was expressed in the muscle membrane and
most of the inflammatory cells were CD8-positive, suggesting that class-I antigen-dependent cytotoxic T-cells
played a crucial role in the muscle pathology, which supported a diagnosis of polymyositis rather than der-
matomyositis. Magnetic resonance imaging of his chest revealed two mediastinal tumors, which were extir-
pated and diagnosed as thymic carcinoma. The muscle weakness was completely recovered after the opera-
tion and subsequent administration of oral prednisolone. Postoperative clinical improvement and decline of
serum creatinine kinase suggested a paraneoplastic nature of the polymyositis in this patient.
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Iniroduction

Thymic carcinoma is a relatively rare mediastinal tumor
of epithelial origin that is distinct from thymoma in terms of
its histopathological properties including nuclear atypia and
the potential for metastasis (1, 2). There have been some
case reports of thymic carcinoma complicated with inflam-
matory myopathies, however, such cases have almost always
occurred with dermatomyositis (3-9), wherein the direct link
between malignancy and dermatomyositis has been ad-
dressed.

Dermatomyositis, polymyositis, and inclusion-body
myositis are three distinct classes of inflammatory myopa-
thies, each of which has unique clinical, histopathological,
and immunological properties. Dermatomyositis results from
a microangiopathy affecting skin and skeletal muscle,
wherein activation of complement leads to lysis of endo-
mysial capillaries and muscle ischemia (10), frequently giv-
ing rise to perifascicular atrophy. In contrast, in polymyosi-
tis and inclusion-body myositis, clonally expanded CDB8-
positive cytotoxic T cells invade muscle fibers that express

MHC class 1 antigens (11, 12), leading to necrosis of mus-
cle fibers via the perforin pathway. From the clinical aspect,
approximately thirty percent of patients with dermatomyosi-
tis harbor malignant disorders (13, 14), while in polymyosi-
tis the link between myopathy and malignancy has often
been disputable.

Here we present a patient with polymyositis complicated
with thymic carcinoma. Of interest, the muscle biopsy
showed fiber atrophy in a perifascicular fashion, however,
further immunohistochemical analysis revealed expression of
MHC class I antigen on the muscle membrane and infiltra-
tion of CD8-positive cells in the endomysial space. Here, we
discuss the unique combination of these pathological fea-
tures and the clinical correlation between malignancy and
muscle pathology in this case.

Case Report

A 66-year-old man was admitted to our hospital for pro-
gressive muscle weakness and myalgia in his shoulder gir-
dles. He had been well until five weeks prior to admission
when he found it difficult to raise storm shutters with his
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Figure 1.

Magnetic resonance images of the chest. A: Axial plane of enhanced image after gado-

linium administration. The arrow indicates an anterior mediastinal tumor with an irregular tumor
wall protruding inward and containing a low-intensity inside. B: Coronal plane of the T2-weighted
image. The arrow indicates the main nodule and the arrowhead shows a daughter nodule above

the main nodule.

arms. One week later, he started to have difficulty walking
up stairs and unscrewing bottle tops with his hands. Three
weeks later myalgia gradually developed in his shoulder gir-
dles. He was then referred to our department. He had a his-
tory of type C chronic hepatitis and bronchial asthma, both
of which had been controlled by administration of ursode-
oxycholic acid and inhalation of fluticasone propionate, re-
spectively. On examination, his blood pressure was 120/60
mmHg and his heart rate was 90 beats per minute. His body
temperature was 37.5C. Coarse crackles were audible at the
base of his lungs, while no rash was noted on his face and
extremities including knuckles and patella during a careful
inspection by a dermatologist. On neurological examination,
Medical Research Council (MRC) scores were 4 in his bilat-
eral deltoid, pectoralis major, supraspinatus, and wrist flexor
muscles, and 3 in his infraspinatus and iliopsoas muscles.
He also complained of mild myalgia in his shoulder girdles.
Other neurological assessments were normal, including those
of his cranial nerves, sensory function, and tendon reflexes.

His peripheral white blood-cell count was slightly ele-
vated (11,000/mm’), and the results of his blood chemistry
were as follows: lactate dehydrogenase (LDH) 1,168 TU/L,
aspartate aminotransferase (AST) 430 IU/L, alanine
aminotransferase (ALT) 496 IU/L, creatinine kinase (CK)
7,517 IU/L, and aldolase 200 IU/L. The value of his serum
anti-Jo | antibody was markedly increased to 390 U/mL
(normal range <10 U/mL), whereas that of his serum Mi-2
antibody was within the normal range. Other myositis-
specific antibodies were not investigated.

A needle electromyography in the right deltoid muscle re-
vealed that most of the patient’s voluntary muscle activities
were comprised of motor units with short duration and low
amplitude. Early recruitment was also observed with mini-
mal muscle contraction. Fibrillation potentials and positive
sharp waves were frequently recorded at rest. These findings
were summarized as myogenic changes with concomitant
active denervation. The repetitive supramaximal stimulation
test showed no waning response in the left trapezius muscle

with 3 Hz stimulation. Tensilon test was also negative.

A chest X-ray revealed a space-occupying legion in the
patient's mediastinum, which was later discerned as a well-
circumscribed iregular nodule (size: 55%45 mm) by chest
magnetic resonance imaging (MRI) together with an addi-
tional daughter nodule located above the main nodule
(Fig. 1A, B). The main nodule was comprised of an irregu-
lar tumor wall protruding inward and low-intensity sub-
stance inside.

A muscle biopsy was performed in the patient’s left bi-
ceps brachii. The Hematoxylin and Eosin staining section
revealed a moderate variation in fiber size, including perifas-
cicular atrophy (Fig. 2A). Numerous necrotic and basophilic
fibers were noted and myophagia was also seen in places.
Inflammatory cells infiltrated into perimysium and endo-
mysium, but not into endomysial vessels. C5b9, a pathologi-
cal hallmark of membrane attack complex, was expressed in
the muscle membrane in the perifascicular area as well as in
degenerating muscle fibers (Fig. 2B), but not around endo-
mysial vessels. Unexpectedly, MHC class 1 antigen was ex-
tensively expressed on most of the muscle membrane
(Fig. 3C). In addition, more than half of the inflammatory
cells in the endomysium were CD8-positive and CD4-
negative (Fig. 3A, B). These immunological features and the
lack of dermatological presentation led us to diagnose him
as having polymyositis rather than dermatomyositis.

The possibility of a paraneoplastic myopathy was raised,
which prodded us to extirpate the tumors before administra-
tion of a corticosteroid. The two mediastinal tumors were
surgically resected by extended thymectomy. Macroscopi-
cally, tumors were filled with chocolate-colored necrotic lig-
uid and were encapsulated with a fibrous membrane
(Fig. 4A). The tumor was diagnosed as thymic carcinoma
that was comprised of three distinct neoplastic components;
squamous cell carcinoma, adenocarcinoma, and basaloid cell
carcinoma (Fig. 4B, C, and D, respectively). Muscle
strength in the deltoid and iliopsoas muscles was gradually
improved and the value of serum CK was decreased to
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Figure 2. Muscle biopsy specimen from the left deltoid muscle. A: A Hematoxylin and Eosin
stained section revealed interstitial edema, infiltration of inflammatory cells, degeneration of mus-
cle fibers, and perifascicular atrophy. B: I histoch y using the anti-C5b9 antibody
showed positive immunostaining of C5b9 in the muscle membrane in the perifascicular area as
well as in some degenerating, fibers. Scale bar=50 micrometers.

Figure 3. Immunological features in muscle pathology. A: anti-CD8; arrows indicate CDS-posi-
tive lymphocytes. B: anti-CD4; no CD4-positive cells were noted. C: anti-MHC-L The MHC-I was
expressed on all muscle fibers (C), and most of the inflammatory cells invading the fibers were

CD8 positive (A) and CD4 negative (B).

1,727 IU/L on the fourth day after the operation (Fig. 5).
The serum CK level and the muscle strength then reached a
plateau on the tenth postoperative day when oral administra-
tion of prednisolone was initiated at the dose of 50 mg per
day. The muscle strength and the serum CK value subse-
quently improved, both of which completely normalized in
two months. The value of serum anti-Jo 1 antibody also de-
creased to 10 U/mL six months after the operation. Interest-
ingly, in retrospect, the value of serum LDH was 217 IU/L
(normal <243 IU/L) two months before the presentation of
muscle weakness, implying that there was probably no dis-
cernible muscle pathology at that time point.

Discussion

An increased relative risk for malignant tumors has been
reported in patients with inflammatory myopathies, espe-
cially those with dermatomyositis (15, 16). The complica-
tion of cancers in dermatomyositis has been estimated to be
approximately 30% in two independent surveys (13, 14),
whereas the co-occurrence of cancers in polymyositis has
sometimes been challenged. For instance, one nation-wide
survey in Japan suggested that the association between poly-
myositis and cancers may be ten times less frequent than
that between dermatomyositis and cancers (17).
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Figure 4. Surgically-resected specimen of the thymic tumor. A: A macroscopic section of the me-
diastinal tumor. The Hematoxylin and Eosin staining section included the following three different
histopathologies (B-D): B: squamous-cell carcinoma, C: adenocarcinoma, and D: basaloid-cell

carcinoma.
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Figure 5. Clinical course of the patient. The serum value of creatine kinase (CK) and lactate de-
hydrogenase (LDH) decreased after the extended thymectomy and the subsequent administration
of oral prednisolone. In retrospect, the serum LDH was within normal range two months before
the presentation of the muscle weakness. ET=extend
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Here, we reported a patient with polymyositis who had a
concomitant thymic carcinoma. A possible causal relation-
ship between the two conditions is suggested in this case for
the following two reasons. First, by simply extirpating the
thymic carcinoma, the value of serum CK decreased from
7,517 to 1,727 TU/L and his muscle strength has substan-
tially improved from MRC score 3 to 4 in his iliopsoas
muscles (Fig. 5), although he needed subsequent administra-
tion of oral prednisolone for full recovery. Second, the se-
rum value of LDH, another indicator of muscle injury, was
within the normal range two months before the presentation
of the muscle symptoms (Fig. 5), suggesting the pathologic
process in the skeletal muscles had subsequently started
probably as the thymic carcinoma increased in size. The re-
cent onset of muscle pathology and the favorable response
of tumor resection for polymyositis indicate that the para-
neoplastic mechanism has probably influenced the develop-
ment of muscle pathology in this patient.

A unique characteristic of the muscle pathology in this
case was an unexpected combination of perifascicular atro-
phy (Fig. 2A) and the expression of the CD8/MHC-1 com-
plex (Fig. 3A, C). The former finding has been generally re-
garded as a morphological consequence of endomysial mi-
croangitis resulting from complement activation (10), ren-
dering dermatomyositis as a possible diagnosis. The latter
immunological findings, clearly indicated that class-I
antigen-dependent cytotoxic T cells played a crucial role in
its pathogenesis (11, 12), suggesting polymyositis as a rea-
sonable diagnosis. Therefore, we infer that polymyositis
would be a more plausible diagnosis for this patient for the
following two reasons.

First, the current working diagnostic criteria for inflam-
matory myopathies stipulate that primary inflammation by
the CD8/MHC-1 complex and absence of a skin rash lead to
the diagnosis of “definite” polymyosits (18). Secondly, our
case lacked two cardinal features of dermatomyositis, i.e.,
morphological evidence of angitis and invasion of CD4-
positive T cells. In addition, careful examination by a der-
matologist did not reveal any skin rash in this patient. We
thus concluded that dermatomyositis would be a less plausi-
ble diagnosis in our case, although the muscle pathology
had two atypical features of polymyositis, i.e., perifascicular
atrophy and complement activation.

First, we theorize that the perifascicular atrophy seen in
our case probably did not represent microangitis, the puta-
tive cause of perifascicular atrophy; firstly because inflam-
matory cells infiltrated primarily into endomysium and peri-
mysium but not around the vasculature; secondly because C
5b9, the membrane attack complex (MAC), was deposited
mainly in degenerating muscle fibers along the perifascicular
areas and not in the capillaries. It is true that perifascicular
atrophy is observed more frequently in patients with der-
matomyositis (19), however, seven percent of patients with
polymyositis have been reported to have typical perifascicu-
lar atrophy (20). Of note, another study showed that ap-
proximately thirty percent of patients with polymyositis and

concomitant neoplasm have perifascicular fiber atrophy (21),
which may suggest a possible link between malignant tu-
mors and the morphological changes in this class of pa-
tients, although the mechanisms remain to be elucidated.

Second, activation of the complement system seen in our
case (Fig. 2B) is not a typical finding in polymyositis, how-
ever, MAC deposition in muscle fibers has been reported in
a portion of inflammatory myopathies, in fifty percent of the
cases of fascioscapulohumeral dystrophy and merosin-
positive congenital muscular dystrophy (22). We figure that
complement activation in muscle fibers may represent non-
specific findings of muscle-fiber injury in various classes of
myopathies, including muscular dystrophies and inflamma-
tory myopathies.

Thymic carcinoma is a relatively rare mediastinal carci-
noma of epithelial origin that is distinct from thymoma in
the following aspects: 1) it has a cellular atypia, 2) it has
lost its capacity to induce lymphocytes, and 3) it can metas-
tasize to remote regions (1, 2). To date, there have been
eight cases with thymic carcinoma that were complicated
with inflammatory myopathies, however, seven such cases
had dermatomyositis (3-9) and only one patient had poly-
myositis (23); the latter case being diagnosed at autopsy. At
the other end of the spectrum, there have been many case
reports of patients with polymyositis complicated with thy-
moma (24). In relation to collagen diseases, thirty to forty
percent of patients with thymoma have myasthenia gravis,
five to ten percent involve erythropenia, five percent have
polymyositis (24), one percent have Hashimoto thyroiditis,
and 0.9 percent have Sjigren syndrome (25). Of interest, the
patients with thymic carcinoma and inflammatory myopa-
thies were also complicated with other immunological dis-
eases, such as Hashimoto thyroiditis and Sjégren syndrome
(4). The thymus is a central immunological organ for im-
mune tolerance, playing a critical role in T-cell maturation
and its apoptotic pathways. The perturbation of this immu-
nological center, either benign or malignant, may result in
various collagen-vascular diseases including polymyositis.
Atypical morphological and immunological features in the
muscle pathology may reflect that perturbation of the im-
mune system to some extent.

In summary, we report a patient with polymyositis com-
plicated with thymic carcinoma, whose serum CK value and
muscle weakness were substantially improved by simply ex-
tirpating the mediastinal tumors. The favorable response to
the surgical procedure and the perifascicular muscle pathol-
ogy sometimes observed in polymyositis with malignancy
may suggest a paraneoplastic etiology of polymyositis in
this patient.
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