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ORIGINAL ARTICLE

Reduction rate of body mass index predicts prognosis for survival
in amyotrophic lateral sclerosis: A multicenter study in Japan

TOSHIO SHIMIZU!, UTAKO NAGAOKA!, YUKI NAKAYAMA?, AKIHIRO KAWATA!,
CHIHARU KUGIMOTO?, YOSHIYUKI KUROIWA?, MITSURU KAWAT4,
TAKAYOSHI SHIMOHATA®, MASATOYO NISHIZAWAS, BAN MIHARAS,

HAJIME ARAHATA", NAOKI FUJIl”, REIKO NAMBAS, HIROAKI ITO®,

TAKASHI IMAT®, KEIGO NOBUKUNIY, KIYOHIKO KONDO!!, MIEKO OGINO!2,
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! Department of Neurology, Tokyo Metropolitan Neurological Hospital, Tokyo,*Laboratory of Nursing Research for
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Abstract

Malnutrition in the early stage has been reported as an independent predictor of survival in amyotrophic lateral sclerosis
(ALS). We analyzed retrospectively the effect of variation of body mass index (BMI) on survival in ALS patients. In total,
77 consecutive ALS patients were enrolled from nine hospitals in Japan. Reduction rate of BMI was calculated from BMI
before the disease onset and at the time of the first visit to each hospital. We analyzed the correlation between BMI reduc-
tion rate and total disease duration. Results showed that the median BMI reduction rate was 2.5 per year (interquartile
range 1.3-3.8). The BMI reduction rate was significantly correlated with survival length (p < 0.0001). There was also a
significant difference in survival between ALS patients with a BMI reduction rate = and < 2.5 (Kaplan-Meier survival
analysis and the log-rank test, p < 0.0001; hazard ratio by the Cox model, 2.9816). In conclusion, faster reduction of BMI
at the initial stage before the first visit to hospital predicts shorter survival length also in Japanese ALS patients.

Key words: Amyotrophic lateral sclerosis, body mass index, malnutrition, survival prognosis

Introduction survival prognosis has not been elucidated. In this
study, we focused on the nutritional variation before
the first visit, and analyzed its relationship to survival
in ALS, as a first multicenter retrospective study

in Japan.

Patients with amyotrophic lateral sclerosis (ALS)
often exhibit marked weight loss during the initial
stage of the disease (1). Malnutrition has been
reported as an independent prognostic factor for
survival in ALS (1-3). Although previous studies
have emphasized nutritional status at the time of
diagnosis or gastrostomy, the relationship of initial
BMI reduction rate before the time of diagnosis with

Patients and methods

This study was performed as joint research among
multiple neurology centers in Japan. Seventy-seven

[ T. Shimizu, D of Tokyo M
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consecutive patients with sporadic ALS reaching
the set endpoints (45 females and 32 males) were
enrolled from December 2008 to November 2010.
The endpoint was defined as the time when the
patients died or were placed on ventilator.

Diagnosis of ALS was based on the revised El
Escorial criteria (for more than possible ALS). We
also included patients with progressive muscular
atrophy (PMA) showing progressive deterioration
up to bulbar palsy and respiratory failure. The body
region of disease onset was evaluated—upper limb,
lower limb, bulbar, and respiratory. Total disease
duration was calculated as the interval from disease
onset to the endpoint. Onset was defined as the time
when the first symptom was noticed by the
patients.

Each institute reported the following patient
data: gender, onset date, onset age, onset body
region, height (cm), weight (kg) before disease onset
and at the time of the first visit, and the endpoint
date. The weight before onset was based on declara-
tion by patients. Values of arterial oxygen (PaOz,
mmHg) and carbon dioxide pressures (PaCO,,
mmHg), and forced vital capacity (% of the pre-
dicted value, %FVC) were also reported. Techniques
of the measurements depended on the individual
hospitals. Body mass index (BMI) was calculated
(weight/height?), and the cut-off value for malnutri-
tion was set at BMI of 18.5 (1,4). We particularly
focused on the BMI reduction rate (BMI-RR) from
onset to the first visit, using the following formula:
(BMI before onset—-BMI at first visit)/(time interval
from onset to first visit (y)).

‘We analyzed the correlation between total disease
duration and the parameters at the first visit or
BMI-RR (Spearman's rank correlation test). Subse-
quently, we compared the survival function among
subgroups for each parameter using the Kaplan-
Meier method and the log-rank test. We classified the
patients by one-point BMI at the first visit (< or =18.5)
and also by BMI-RR (< or =2.5, the median value).
Univariate and multivariate analyses for survival
were performed using the Cox proportional hazard
model. p < 0.05 was considered significant.

Results

Median age at disease onset was 66.4 years (45-81
years). Onset regions were upper limb in 32 patients,
lower limb in 23, bulbar in 20, and respiratory in
two. Median total disease duration was 2.1 years
(interquartile range (IQR) 1.4-3.2 years). Median
BMI before disease onset and at the first visit was
22.9 AQR 20.9-25.1) and 19.9 kg/m? IQR 17.9-22.2),
respectively. The median values of the BMI-RR were
2.5 kg/m?%y (IQR 1.3-3.8).
There was no significant correlation between the
total disease duration and the one-point values of
MI, %FVC, F‘aO2 and I’aCO2 at the first visit,
However, BMI-RR and the total disease duration

Total disezse duration {v}

&
°* %
L2 v ¥

o 20 AR &0 80 I8 120 14D
BMI reduction rate (kefemfy)
Figure 1. Correlation between the reduction rate of body mass

index and total disease duration (Spearman’s rank correlation
test; y = —0.1938x+3.1054, r = —0.5433, p <0.0001).

showed a statistically significant negative correlation
(Spearman’s r = —0.5409, p < 0.0001; Figure 1).
Comparison of the survival curves between the patients
with BMI = and <18.5 at the first visit showed no
significant differences (log-rank test, p = 0.5860).
Meanwhile, there was a significant difference in the
survival curves between the patients with BMI-RR <
and =2.5 (log-rank test, p < 0.0001, hazard ratio
2.535 (95% CI 2.068-6.058)) (Figure 2).

Univariate analysis for survival by the Cox model
showed a statistically significant effect on survival by
BMI-RR (Table I). There were also weaker signifi-
cant effects on survival by onset age and %FVC.
Multivariate analysis for survival by the Cox model
showed that BMI-RR and %FVC showed significant
effects on survival (Table I). However, there was
no significant correlation between the BMI-RR
and %FVC.

Discussion

This study showed that the BMI reduction rate at
the initial stage predicted survival in ALS. Consistent
with previous reports (1—3,5), weight reduction or
malnutrition proved an independent prognostic

16
094
0.8
2.7
06

Eos
8.4

93
02

0.5 pMLRR 225
0.0

BHERR <25

1 2 3 8 8 W N

4 8 8§ 7
Digeane durstion {y)
Figure 2. Comparison of the survival rate between amyotrophic
lateral sclerosis patients with body mass index reduction rate

(BMI-RR) lower and higher than 2.5 (log-rank test, »<0.0001,
hazard ratio 2.535 (95% CI 2.068-6.058)).




- €2¢ -

from i

«com by Toritsu Shinkei Byoin on 05/28/12

For personal use only.

Amyotroph Lateral Scler D

Body mass index and survival in ALS 365

Table I. Univariate and multivariate analyses for survival by the Cox proportional hazard model.

Hazard ratio 95% CI p-value

Univariate analysis

BMI-RR lower vs, higher than 2.5 2.982 1.820-4.930 <0.0001

Gender male vs. female 0.888 0.563-1.416 0.613

Onset age lower vs. higher than 65 1.632 1.015-2.681 0.043

Onset symptom bulbar vs. non-bulbar 0.952 0.562-1.051 0.847

%EVC higher vs. lower than 70 1.838 1.037-3.358 0.037

PCO, lower vs. higher than 45 0.905 0.483-1.647 0.748
Multivariate analysis

BMI-RR lower vs. higher than 2.5 2.741 1.470-5.126 0.001

Onset age lower vs. higher than 65 1.019 0.541-1.994 0.955

%EVC higher vs. lower than 70 1.928 1.054-3.640 0.033

BMI-RR: body mass index-reduction rate; %FVC:

dioxide pressure.

factor in ALS also in Japan, indicating no racial dif-
ferences. In addition, Figure 1 indicates that the
greater the BMI reduction rate the faster the disease
progressed, which might reinforce the importance of
early nutritional intervention.

Since the first visit did not indicate the time of
diagnosis in this study, BMI at the first visit varied
among the hospitals. This might have caused the lack
of significance in survival analysis when using the
one-point BMI. Nevertheless, the survival analysis
showed remarkably significant differences when
using BMI-RR. BMI-RR reflects early-stage chrono-
logical nutritional variation before the first visit, and
might be a better predictor of prognosis than the
one-point BMI when the pre-onset weight values
were reliable.

* Metabolic abnormalities in ALS are unique. Four
aspects have been examined, and they seem to inter-
act with each other: malnutrition with hypermetabo-
lism (1,3,6), glucose intolerance (7), dyslipidemia
(8), and sympathetic hyperactivity (9,10). The hyper-
metabolism is probably connected with the main
pathomechanism in ALS, and mitochondrial dys-
function might be causative (5). Spontaneous motor
neuron firing or fasciculation would augment glu-
cose consumption in surviving muscle fibers. Skel-
etal muscle loss would increase insulin resistance,
resulting in glucose intolerance and insulin hyperse-
cretion (7,11). Sympathetic tone is often augmented
by a central neural mechanism (9,10), which would
induce hypermetabolism. Additionally, increased
insulin secretion would also raise sympathetic tone
and metabolic demand. All of these abnormalities,
by interacting with each other, might induce pro-
gressive weight reduction and clinical deterioration.

Considering these metabolic abnormalities, phy-
sicians should pay special attention to nutritional
management. We should not miss the appropriate
timing of gastrostomy and nutritional therapy. Gas-
trostomy should be introduced for sufficient calorie
intake as early as possible when patients exhibit mal-
nutrition (12). Faster BMI reduction may be able to
predict the efficacy of early gastrostomy. In addition,
high-calorie nutritional therapy would be expected

% forced vital capacity; PaCO,: arterial carbon

to prolong survival in patients with high BMI-RR
(13). It is important to attempt to stop weight
reduction. Clinicians should administer as many
calories as possible from the early stage in patients
with malnutrition. The precise amounts of necessary
calories at each stage should be established in the
future.
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Prenatal diagnosis of osteogenesis imperfecta type Il by
three-dimensional computed tomography: The current state
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made by three-dimensiona] compuied fomography (3B-CT)
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gous mulntion In COLIAZ. Felal CT i o powerful, tool for
visualizing the fetal skelotan and can provide o definitive dings
unsts of Tell skeletal dysplosinsg howaver, whether or-not ity
smployment for ;:remwd dlughosis 75 warmnted in terms ﬁf
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of fotal CF for the dingnosis of skeletal dysplasios; with a dise
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INTRODUCTION
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“of lethal psteogencsin imperfection 25 weeks of gestation, and
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CASE REPORT ‘
A B2epoar-old Japavise womun, g primigaavids was refersed Tor

~grenatal dlagoosis and peactic conaseling becaise of severs shiort
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of 14 mm (Fig. |
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e bt ity
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and mg:my continention. As fotal €T has besn wirranted os o
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“hushand had this mutation.
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© 01% This Autors
‘Congenial Anomalies e apanase Termtalogy Sociely
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Tablel Resulis of previons reposts on fital computed lomography for skelutat dysplasing
Prosent case 3 OF iype It Oliype B
Wads et al, 2011 28 Moderute shortening of the Himbs, mild Kniest dysplasia
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Cassart #t al. 2007 33 TUGRIACH IUGR
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6 Suspicion of ACH ACH
31 Ammﬁng thoracic ﬂgsplm SED
30 T )
L3
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30 Isofated venebral segmentotion anomaly  Multiphs vertebiat segmentation anomalies.
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36 on OF not excloded
Ut 2t ab. 2011 p 71 Ol ype TH O type 11
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DISCUSSION
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2004; Morello and Rauch 2010). However, several genes raspons
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Wmmmmfwwtwiwwmm
newly identified genes is essential for definitive genetic counseling.
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Abstract

- Obfectives: W hymud stem oelly ap to e iedoal coll souvee For collular and gene therapy. We previously showed
that colls derived from the fnnin placenia van be foduced to differentinte into myotubes ir vitro sid 1o express dystmphm in mdef
seid mice fir viow, T this stady, we examined whether amnlon-derived cells ean be eficieatly transduced and diff d using len-
Heiral vectors corrylng hunss MYODL Methids: The amnion-derived cefls were isoluted from human preterm placentos. They
were trangdused with the MYODT vector, snd mENA Jevels for MYODI, M?’ﬁs MYOG, M?‘ﬁz and LMD were dcxu:xmmcé

by quititativiseverse iranscriptase-polymerase chigkn reaction, and wlso sxumingd immunocyt ically. Restefts: App

70% of wenion-derived cells were ;fhma.ml}‘ tmmﬁiawd by the lentiviral vectors, M¥YODI activates MYES und M YOG, MYH2 :iad,
DMB afer o Fday ealtuce, The fows of thess syogenic regulatory factors enbanced M YHZ and Dﬁef (33 expes-
siong. PAX7 was befow the detectalile Tevel, Hoth myosin heavy chain and dystrophin were d ted by § s
Conclusions: MYGDE nctivates MYES und MYOG, the transeription factor genes fal for myogent d;m tiation, and the
coricerted uprégulution of mﬁe myugwm :cguimry factors enhanced A ¥YH2 and DMD expressions. The tic memb is
an Enmuneprivileged Hssue, M)’(?D dmummdwwd cefis nn ideal ool souree for eelfular and gene therapy

for muscle disorders. This s the ﬁrst report showing thd Jerived cells v e modified by EXOSEA0US gones usmg Im;wmal
vectors. Furth MYon duced fonederived cells are eapable of the dysteophin exy v for i
dillerentintion,

£ 2012 Published by, Blsevier B, on beball of The Jupanese Society of Child Newrology.
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1. Iutroduction

Dawch muscular dystrophy (OMIM# 310200) is
un X-finked recessive inherited disorder that affects |

* Ccnwpmdmg suther, Addrss Institute. of Madival Gunintics,
Tokye Woinen's Medicnt University, 1022 Kawda.cho, Shinjyoku-
ey '%‘akw 1620054, Japain Tl SH1 3 3353 8118 Gou b1 33260
6K,

Evnuzif addrisss selniime tvnnaedp (K. Bl

it 3500 males. The onset of Duchenane museular dystro-
phyis nsually before the age of 3 yeurs, and patients die
of respirstory failure sround the age of 20 (1] Duchenne
museular dystrophyls caused by structural mutations in

OIETTHONS ~ o Front mutter £ 2012 Published by Tsevier TV, on behalf of The Jupuness Soclety of Child Nwwluw
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the dystrophin gene (DMD), which encodes dystrophin,
4 large membrane-associated profein that plays an
important role in linking intracellular cposkeletal actin
filaments to the sarcolemmal membrang [2] Approxi-
mntely 60% of DMD mutations are large deletions or
insertions, whersas 0% are nonsense, missenss, or small
insertion-deletion mutations.

No curative therapeutic spproaches for Duchenne
muscular dystrophy cugrently exist. However, cell-based
treatments in addition to gene therapy {3}, exon skipping
therapy (4}, and read-through therapy with aminoglyco-
sides [5] remain promising options,

Mesenchymal sters cells {MSC} are expected 1o be an
ideal cell source for ceflular and gene therapy becauss
they can casily be obtained feom bone marrow, adipose
tissues, and the placenta, they arg sbundant sad pon-
tumorigenic, and they have the useful characteristics of
homing and chemekine seoretion, MSC are already uti-
lized for the treatment of grafl versus host disease [6]
and inflammatory bowel disease [7), Beveral laboratories
have shown that MSC can be obtained from arnion.
derived cells and induced to differentiate into myooytes
18

Although the myogesic differentiation of MSCcan be
induced by treating them with demethylating ageats
such as S-azacythidine (SAZA), there is no marked
enhancement of either MYGH, the humen myogenic
differentiation factor 1 gene, or MYH2 expression, nor
doesSAZA treatment substantislly increase the myo-
genic differentistion of MSC {91 In addition, thers have
Peen severa! attempts to enbance the wmyogenesis by
introducing MYODI into cells {10} R was recontly
shown that human adipose-derived cells displayed
enbanced myogenic differentiation after being forced
0 exprass MYODF {11}, and another group showed that
forced expression of MYOD! fed to the trans-differenti-
ation of human fbroblasts into myotubes [12}

In this study, we introduced human MYODT into
amuion-derived oolis using a lentiviral vector and exam-
ined the precise gene expression levels of AYES,
MYDG, MYHZ and DMD. We demonstrated significant
upregnlations of the genes for essentinl transcription
factors involved in myopgenesis, The potential applica-
tions of MYODIransduced amnion-detived cells are

2. Materfals and methods
2.1, Isolation of human amnion-derived colls

Ethics approvat for the tissue collection was granted
by the Iastisutional Review Board of Tokyo Women's
Medical University, Japan, Written informed consent
was obtained prior 1o sample collection. Amnion tstue
samples were obtained from normal fullderm pregnan-
cles st the time of caesarenn section before the onsst

wpenent xxx {2012}

of Iabor, Bone of these pregnancies were complicated
by prematire membrane rupture or choricamnionitis.
Fhe placentas were processed within 24 t of collection;
ig., they were thoroughly washed with phosphate-buf-
fered saline {a solution containing sodium chioride,
sodives phosphate, potassiume chioride and potassium
phosphate), and, after separation from the placentas,
1he amnions were minced into 5 men sections using knis
ves on 8 clean bench. The amnion tissue was placed in
colagen 1 copted dishes {Iwaki, Japan), and after
20min, Mesenchymal Stem Cell Basal Medium
(MSCBM, Lobza, USA) was carefully poured onto the
sttachied cells, which were then maintained at 37°C in
5% €0y Afer 48h, the non-adherent cells were
removed, and the medism was changed twice a week,
After about one week, & few colondes were found in
the dishes. At 70-80% confluence, the amnion-derived
ceils wenz harvested with 0.5% Trypsin-EDTA {Life Sci-
enves, USA) and plated onto now dishes. Cells were pro-
cessed from 24 placentas, and primary cultures from 8
placentas were used for this study,

2.2, Floweytometeic analysis

The amvion-derived cells were used for fHuorescent
activated cell sorting (FACS) analysis employing the
EPICE ALTRA X1-MCL analyzer {Beckman Coulter,
USA), and the datn were analyzed with EXPO™32
ADC sofiware {Beckman Coulter). Antibodies against
human CDi4, CDE9, €D, CD44, D45, CDI3,
CDxos, CDI66, HLA-ARC, and HLADR were
obtained from Beckman Coulter and BD Biosciences
Pharmingen (USA), AbD Serotes (UK} and Cytognos
{Spain).

23, Produetion of !eminiral mom and MYODE
it of human ived cells

A folldenpgth human A YODT cDNA dlone {Genome
Network Project Clong, WWO1A62C23) was provided
by the RIKEN Bioresowrce Center {Ibaraki, Japan)
through the National Rio-Resource Project of the Min-
istry of Bducation, Calture; Sposts, Science, and Fech-
nology (MEXT) of Japan [13-16). A leativiral vector
carrying the MYODI ¢DNA, plenti6/humand YODI,
was constructed using the plenti6/UBC/VS.DEST
Gateway Vector kit and the ViraPower Lentiviral
Bxpression Systems {Life Technologies, 1I8A). A GFP
expression  vector, pRRL.PPISFIRES-GFP, was
kindly provided by Taiju Utsugisawa.

Thres micrograms of the pusified pLenti6/UbC/VS-
DEST ~ humandf YOD! ¢DNA and pRRL.PPISF.
IRES-GFP were used for the transfection of 4 x 10°
293FT vells together with Lipofectamine 2000 {provided
with the kit) reagent and VirsPower packaging Mix
{provided with the kit). After 4B h, the supernatant

Please clrs this artichs in press as Akivawa ¥ el ol Enhaneed ex
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wats collécted. Eight milliliters 6F viral supernatant Were

added $06-8 % 10% amnion-derived cells, To-examing
the transfection efficiency of our provedure, the GEP
expression of the cells was analyzed by FACS.

24 I viten myogenesiy

The ampion-derived cells were transduced with the
pLanti6/UBC/VS-DEST - human M YODI supernatant

and seeded onto collugen T conted well culture, dishes:
(IWAKT) ata density of 1 x 10% per mal in prowth med-

fum (Dulbecoo’s Modified Fagle Medivm (DMEM)
supplemenied with 2% fetal bovine wmn} for 24 1.
TThe cell eulivres were then washed twice with phos=
phate-buffered saline (-}, and maintained in differentin
ton medium (DMEM supplemented with 2 horse.
sernm {Twaki, Japan)). The medium was changed twice
a wesk wntil completion of the experiment.

28 Quuntitatige-revers eranscrip fynerase chain
venction using MYOD] o ammnion-derived vells

Total RMA was ;pmﬁeﬁ from the M YQDzwimns«\

dueed prmionsderived colls using the kNeasy anind kit
{QI&GE‘N Ciermany) at 7 and 14 days wfier transdue
tion. Two misrograms of total RMNA were subjecied to
reversestransoription using Expand Reverse Transerip-
tase (Roche, USBAY The gene expression levels of
MYQDI, MYFS, PAX7. MYOG, MYH, and DMD
were analyzed wsing the qnan:imnw«wm tmmmp

fagiz- pnlymmse chain reattion (Q-RT-PCR), the prim-

ers listed in Supplemientary Table 1, and Mx3000%
(Stratagene, USA), The no-transduced amnion-derived

cells wore designated the day o el Q-RT-PCR was.

mrfommi at 95 5C for 10 min for 45 cycles, with each
eyele consisting of 95 °C For 15, followed by treatment
e 60 2C for Slwennds after mmpmma of the Jast cyc]e
Relative gene expression levels” were “calpulated nsing.
RMA extracted Trom normal humag skeletal muscle
myablast tells (Lowz), which had been cultured for

4-5 ditys using the SKGM-2 BulletKiy (Lonzs) oF for
Tdays in total DMEM supplemented with 2% horse -
serum as & myoblast control [17},

2.6. Tmmmaeytochemical anadysis

The cultuges were fixed in 4% paraformaldehyde and

‘stained with either & mouse snti-human  dystrophin

IgG1 monoclonal antibody (NCL-DYSZ, Novocaster,
UK§ or & mouse anti-myosin heavy chain fgG2 mono.
clonal “antibody (MF-20, Developmental  Studies
Hybridoma Bank, USA). The cells were visualized with
appropriate. AlexaFluordS8. gont anti-mouse 1pG sec-
ondary antibodies (Invitrogen, USA). Total cell nuclei
wire stained with Hoechst solution- (Sigma Aldrich,
UKy,

3. Results
3L Mmp?mio,gy of the anmiionederived cells

We isolated smnion-derived celis from placentas, and

o large mumber of primary cells were sucoessfully

obtained. These colly vonsisted of small fibroblust-like
and cobblestone-like eells (Fig. ta), and after 3 possages,
they had formed o homogentous population of the
fibroblast-like cells (Fig. by The yield was approxi-
mately 23 107 cells per grain of amnion tissue after
thies weeks,

32 Surface markers of amion-deried celly

The surface marker expressions of pmpion-derived
cells: were eviduated by foweytometric analysxs
(?kg 2).-After 3 passages, the amnion-derived cells were
“positive for D29, CD44, €D73, CD105, CD166, and
HLA-ABC. However, they did not express any hemato-
poietic lineage markers such as CD34, CDI4, CD4S or
HLA-DR:

pigo ‘
Fig. 1. B i ol atision-derived wlls in pristiry z:uiwm m wlwiwh v veld types, cobblestone. and fbroblast-like eells, e mm (13
Aﬁrzr ﬁm mga. e eells Dk Barmad & homo pop blast-fike zells (B), Seale burs 50 jm.
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Fig. 2. Surface macker sxp of derived oells R

by f is after 3

“Thay expravsed the following

MSC ranrkers: €Y, COY4, COT3, m:mmmm BLA-ARC, Howews, they did mmanybmmpaiamﬁaagemmmu

O, CD4, TD48, or HLADR,

3.3, Transduction of wmnion-derived cells with a GFP
vestor

The amnion-derived cells were transduced with a
GFP veetor, and the transduction efficiency of our pro~
cedure was evaluated by flowcytometric analysis after
72k In each experiment, approximately 70-80% of
amnion-derived célls were positive for GFP {data not
shown}.

3.4, Q-RT-PCR of MYODI iransduced amnion-derived
eells

The mRNA levels of MYODI, MYFS, MYOG,
PAX7, MYH2, and DMD in the MYOD-transduced
amnion-derived cells were determined by Q-RT-PCR.
Forced expression of human MYCDI in amnion.
derived colls maxkediy enhanced their MYFS and
MYOG gene expression levels afier 7 days of culture
(Fig. 3). On day 7, the MYODImRNA lovel of these
cetls was increased 50-fold as compared to that observed
oni day 0. The mRNA level corresponded 1o 4.8% of that
in  the control myoblasts, On day 14, the
MYODIMRNA level had decreased to 1.1% of that in
the controls, suggesting that the enhanced MYODJ
mRNA expression was transient.

1t should be noted that MYESgene expression was
highly uptepnlated in the MYOQDtransduced amnion-

derived oslls, On day 7, it was increased by over 500~
fold, and the relative mBNA Jevel had seached 5.6%
of that i control myoblasts. However, on day 14, the
BYFS expression of these cells had been alnost com-
pletely abrogated.

The MYOG mRNA level in the amnion.desived cells
was extremely low (8.02%) on day 8. On day 7, it had
reached (L125% of that in the control myoblasts, but
was undeteciable by dayld.

On days 7 and 14 the mRNA levels of MYH2 wore
9.01% and 0.33% and those. of DMD were 20% and
28%, respectively, of corresponding levels in the control
cells. These results suggest that genes encoding skeletal
muscle proteins were activated following the concerted
activation of myegenic regulatory factors -such as
MYODBI, MYFS, atnd MYOG. On the other hand, the
Ievel of PAX7 was not messnrable in either the non-
transduced or transduced ampion-derived cells {data
not shows),

3.5, Immunocytochemistry of myogenic differentiated celis

The MYODI-vansduced amnion-derived celis were
subjected to immunucy:achm‘mf analysis after 3 28«
day culture o differentiation medivm. Both myosin
heavy chain 2 and dystrophin were mmuna%ogcaliy
detected in their cytosol and nuclel, suggesting these cells
to be capable of differentiating into myotubes (Fig. 4).

Pléase cits ihis article in press as: Akizaws. ¥ ot ol Bnhaneed expression of mysgeol proteing i
mv}nnn amniun-dmmi cells vi the forced vxpression of MYODY.. Brain Dev (012), httpiffx.doforg/I0.1016/ . bralndsv 2012,05.012:-
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by O-RTPCR weing ther Universs) Probe Library sister (Roshel. Relative gove-sxpression Buels were sleulited using normal human skcimi
musgle myoblast colls {Lonta)ne s contest, Duy § repmsms the MRNA fevel of (e amoibr-derived ells on the day of transduetion, Davs T und 14
represent the miNA. levels ol the MYOD : derivest eolls, The mRINA Jovels oF i cells wre s follows: M FORE, 000 4 0.05%,
Ak 2%, and 1O 007 AFVES, 0018 0000%, 565 38%, and <0.0025%; MYOG, L0060, 013 & 001, wul <0028 MYHZL
GOU 0019, 011 £ 0.03%, 00d 033 5 0I2%0 ol DAED, 25 & 1.0%, 70 6.0%, und 20 5%, The mam tevels of the A YODransduced
amnion-derved ool were wnarkiedly nprgated, as shiwn by she figore; however, PAXF was not i § o ke the oy the duced
anaion-derived cells.

MF2D Hoechest flarge

myosin heavy chain 2
Dys2 Hoechest Merge

dystrophin

Figi 4. Bxpressions of avscle spedfic geicy dudng the dmewaﬁmm of mwdadwj acits. Mmm-mnm wmnisniderived ooils were
sl {o dillaeentintion wedh for 28 days sad staivied wsing in 3 {3 Myoshy hosvy- chain molaoule {gress,
MEY ) niielef {Blue, Howttd) () merge imige of and b; (81 dysirophi D o mastel {blue, Hocchsty: (i), merged imageol
W snd oThe untrented amnion-derived colls sxprossed neither syosi hzsavy chain {gvm Hor dymopkm {edue not showng. Scale bars: 50 .
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Myégcmsm is classified inte two modes, skeletal
myagmc differentiation dusing development and regen-
eration mediated through satellite cells after injury. Pre-
vious studies have revealed that severnd transcription
factors are essential for regulating embryonic and adult
muscle formation. Among these Tactors, MyoD), Myf5,
and myogenin are considersd to be master transeription
factors that are essential for myogenesis and are known
as myogenic regulatory factors [18). During myogenesis,
MYODI and MYFS are able to functionally substitute
for one another [29}. In contrast, MyoD and Myf‘s have
distinet functions in the processes involved in recovery
From muscle injury: MyoD s indispensable for the com-
mitment of sateliite cells to become myogenic precursor
cells, and Myf5 plays an important role in myoblast pro-
liferation [20). On the other hand, myogenin is impor
tant for tenminal muscle differentiation and lneage
maintenance [21] In this study, we clearly showed
MYOD! wansduction tv activate both MYFS and
MYOG, leading to myogenic differentiation resembling
the developmental stages betwesn myogenic progenitors
and myobl 1t is still unclear whether the concerted
activation of M YF3 and M YOR is due to direct transac-
tivation by MyoD. Nonstheless, sequential activation of
wyogenic differentiation factors subsequently increased
the gene expression levels of MYH2 and DMD, Asa
vesult, the myosin heavy chain2 and dystrophin were
immunocytochemically detected, as shown i Fig, 4.
However, we were unable to dumonstrate the protein
expression of MYQD, MYFS, MYOG, or PAXY, since
examining the expressions of franscription factors by
‘Western blotting or other immunologival procedures is
quite difficult

Satellite cells, which are gensrated sround myofibers
during fetal development, express another transcription
factor, Pax7. They are mitotically quiescent, but are
activated in response to the stress induced by musele
injury [22]. Although the MYODItransduced amnion-
derived cells did not display PAX7 expression, the bio-
logical s:gnsﬁcame of this transeription factor remains
obscure.,

We previcusly demonsteated that human MSC trans-
planted into skeletal muscles of mdx mice successfully
differentiated and fuged with murine muscles, suggesting
cethutar therapy to be a promising steategy for Duchenne
muscular dystrophy [231 A previous report showed that
dystrophin Dp7i and dystrophin-associnted proteins ave
co-jocalized to the nuclel of muscle cells. This result
implies that allogenic MYODI-transduced amnion-
derived cells would be a useful tool for cellular therapy
{241
" The smniotic membrang is an immuno-privileged tis-

sue and has been used as 3 biological membrane for

treating burns, injuries, and skin uleers as well as for

xox {2002)

corneal ttauspixnistm [25-27), and the tansplantation
of amniotic membrane-derived cells has been experimen-
tally applied to the treatment of lung Sbrosis 28]
Rm;ly. a preclinical study reported ‘their use. for
regenerative therapy tavgeting contral nervous systems
tissues {29) e is also kriowat that the amsiotic epithelinm
produces anti-infiammatory and mﬁs factors that gee
beneficial forthe&wmofmﬁammmm{&&
enses {30) Taken together, these observations explain

the increasing attention that the human aumio&ienmnm

‘rane has réceived due to its anti-scarring, anti-infiam-

matory, and wound-healing propertics,-as well as jts
muitipotent differentistion ability and immunomoduls-
vory features 31}

In conclusion, the placenta has several aawmwas
the cellular source for devising novel cellular and gene
therapies, especially for muscle disorders, The placenta
can be obtained non-invasively, the smiotic membrane
has been shown 1o be an immune-privileged tissue.

andM YODI-transduced amuion-detived oells are capa-

ble of the dystrophin’ expression needed fm* myogenic
differentiation.
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‘Exoskeleton Robot Control based on Cane and Body Joint Synergies

Modar Hassan', Hideki Kadone®, Kenji Suzuki®S, and Yoshiyuki Sanksi®
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1. BERODUCTION

Seeal nethods of human intencion estimation have been
investigared and wealized for o of human assistive
exoskeloton robols [13, £2], 18], i), 5], These methods
vary acoonding to the intended assistaee fovel (ex. c:nmgkm
regroduction of movement, support of movenent e, the
1eved of infury or dystunction of the patfent {ox, musele weal
pass, partisl or complete purslysls oo}, and the structues of
the assistive robot ftself

The biological signals are veliable information to estimate
human motion dntntion. The hybrid control. algorithm of
HAL 11} consists of # homan voluntiry control aud an
antoromous contepl, The wearsts voluntary muscle soiivity
s obtalned. from the blosdestdent signals, datected st the
surdice of the museles, and then the required assist torgue of
the sctuators ja computed from the estimated joint torgue, An
autonemous conteot is also implemented based on the pre«
determined motion primitives, fogether with the voluntary
contrel method,

However, in the eiss of nevvonad inbuy/fdystonction such
s stroke related hemiplegia or spinal cord injury, biologledt
signals are different from that of healthy subjects or even
not available. Theretors, seference wajestory for the assisted
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limb(s) peeds to be compnted, and the motion intention Is
required to be estimated in different waysi2), 6], Kawamoto
et al. [6] developed a control system for single leg version
of HAL [7] by using FRP (Floor Reaction Foree) sensus
detect the gait phase shifting intended by the patient, The
robot is then opersted by assembling sepments of reference
trajectories to restitule the motion of the impaired fimb, And
e extended work has bedn realized for paraplogia putients
in §23 with the use of body posture information 0 convey
the motion intention of paraplegic putienis. For another
rehabiliation robot, LOPES, Vallesy et o, [8] geoerated the
reference rajectory for the impaired (hemiplegic) Hmb by
utilizing the Intes-joint coupling of DoFs in the lower limbs
of healthy subjects, and the moticn of the healthy Hmb.
By this method they aimed to keep the coordination of the
Bealthy and assisted mmdwmmquMy
and assisted Hmb motion.

I thése paradigms, motion information from the lower
Hmbfs} is wsed for estimation, However, human gait is not
only the function of lower limbs, but also a coordinstion bev
fween ppec and lower Henbs 191, 1303, (31}, 1123, {133, Pends
et o, {14] suggested using the arms swing to facilitate lower
imb muscle activation because of e neuronal coupling
between upper and lower fimbs in rhytunic focomotion tasks.
Stepheason et al. {15] have pointed thet high functioning
stroke patisnts preserve the abiity to coordinate the motion
of upper and lower limbs, and also suggested that the use
of sliding handles in galt rehabilitation vould be useful.
Behrman and Farkema [16] have also shown that reciprocat-
ing arm swing in & netore! and cooxdinated form facilitates
stopping, The field of robot assisted rchabilitation using
exoskeleton robots haven®t yet explored the possibilities to
incorporate the upper Hmbs in the control strategy. In this
research we sim to fnvestigate on how to utilize the upper
and Jower limbs synergies of human walking ir exoskeleton
robot control. 'We consider the rehsbilitation of hemiplegia
wheye the patient have & hedthy side aod an-affocted side,
and we tey 1o formmlate & control systers that incorporate the
motion of the wniffected arm to provide assistance for the
affested leg. Hence we aim not only 1 eacoutage the amm
swing motion, but also to utitize it in the process of mwotien
fitention estimation as & “voluatary” input to the system.

Vallery ot al. [8], [3] suggested 4 method to estimats the
snotion of impained Heab(s} &om the motion of other healthy
limb(s) depending on the interjoint synergies extracted from
heaithy people. ‘This spproach can be used to estimate the
‘matien trajectory of the affected {in the case of hemiplegia)
feom the motion of the sreas and the healthy leg. But these are
sl important events ot being detected in this case, which
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Fig. 6. Baimoted angle tjectoriae of the Lakt Tog ip and kase {red dashed i), aod the odgine] reajectovies fblack continupus fine),

variables. When I is the matrix of the eigenvectors sorted
in desceading order in respect to the eigenvalues, then the
original data = is mapped 1o the new coordinates y with the
formula:

y=ITa, (1)

where the component 73 bas the maximum varianee of the
ariginsl data, and gy I the second, and 5o on. And since T
is an orthonormal matrix, then & can be reconstructed from
y by ;

® =y {2}

CLME methods suggests that, if 2 ¢ R, andy € R®, p < ¢,
and theee is a & — p known number of @ dimensions that is
at least equal to the dimensionality of y, Then I can be
separated for the known components @y € RE-D and the
unknown components & € R? ag follows:

zp = Ty, @z = Doy, )

where Ty & RUE-9% gud 1, @ RPP are the corresponding
submatrices of T, And therefore, the uaknown 2 can be
solved from the kaown @y by:

w = DTy, @
where I is the left pseudoinverse of Ty:
I = (071, 1f. {5)

In the case of hemiplegia, the unknown variables are the
Joint trajectories of the affected leg, and the known varisbles
are the joint trajectories of the cane and the heslthy leg.
Therefore, we ider the eig N ,
from walking with cane trigls, and remrrange this mafrix
o compute the joint trajectories of the affected leg from:
the trajectories of the cane and the healthy leg {angles and

angular yelocities are both considersd). In this way we add
the posture of the cone as ancther varisble to the estivution
process, which is controlled directly by the arm, and thus
conveying the erm's motion together with the healthy leg
in the estimation p Ta ge the model we used
the average pait oycle ies of gll the subj we
aligned the trajectories to the averags mean for each variable
among the subjects, and scaled ther to the average minimum
and maximum valves for each variable smong the subjects,
We created an averaged principal components (sigenvectors)
matrix by performing POA of the concatenated tajectories
of all the subjects. After that, we used it fo compute the feft
leg trajectories by using the kajectories of the cane and the
right g (considering the experimental setwp in Fig7). Fig.s
shows the estimation result for the angle tajectories of one
subject sompared to the origing! teajectary tecorded by the
wotion capture system,

B, Guit Fhase Petection

Idertifying the gait phases is important in xobot assisted
Towomotion for deteating the Intended motion, and for setting
the parameters of the robot actuntors according to different
gait phases [2], [6). Since we observed that the cane is
incorporated in the interfirab synergies and can be used in
the estimation process, we also propose to detect the geit
phases from the cane o provide the user with o simphe
and intvitive tool for feeding his intention to the robot. A
normal gaiteyele ean be divided into eight pait phases: Tnitial
Contact (IC), Loading Response (ER), Mid-Stance (MSY),
Terminal Stance (T80, PreSwing (PSw3, Initin! Swing (I8w),
Mid-Swing (MSw) aad Termingl Swing (TSw){22]. The goal
of gait phase detectinn i for setting of the controlier™s parars
eters of the assistive robot, in which case only detection of
stance and swing conditions is important. For this purpose
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