— 5T, PTIINEERITFOLEYLMm
HEEEREL., REEECEInTW5, I
FEFTOUTINEBERHEREORBNT T, ks
BT, SERM S T IVEEE % < BUD AT
BTHDIEDREINTZ, Bz, FEES Y
NVEBERDAR, 27 UILESEEZE R
LT, 2FIZ0W - L TWaEHDEEZ
57z, ZIZT. BBBICEEEWSLDAT
OEFEHTOITINBOHIBEEE X~
&, FENS 7B E2AR ST ENERE,
DFE D HIEECECTREOENGRED—
DEEZSNT,

SEEEDOIFE T, BRI E TR,
RN ORGEERT ST 5 WafEY 1)
A (AAV) R —ERNT, JRWESFEH

%R 9 cytomegalovirus 7O E—4 —iZT.

DMRV DJFEE#E{=T TH % GNECDNA %2
BHICRB S 8% & T.DMRV YU ADE
BEIORIE 2 T LTz,

B. WA A&

75 OA4IA (AAV) X7 & —I3,
SekY ) LEAKICTER L. X
2 R pAxCAwtit2 @ Swal ¥ 1 b T .
mouse GNE(mGNE) cDNAZ 7 O— =
U7,

PacliZ T Y ¥ # . Lipofectoamine Plus
T, 293fifAICEAL. YA IV AR T ZE
fER s/, BEEICHEWEESY 2. &
MFERNS A5 —Z2HER, ERICTAW,

AAVS HERD 4D TSI AR
pZAC2.1-mGNE-IRES-eGFP,
pZAC2.1-LUC-IRES-eGFP. pAAV2/8 B X
U\ pHelper 13 Hadassah Hebrew K%
Medical Center @ Mitrani-Rosenbaum & 1
Nz, AAV RS 5 —OFRED. FMES
DOFHEIHE > TiT o7, TA1IVADREEIT.
CsCl BEARE LR, 1 F 2 ZHEIC TTT>
7zo

AAVS 25T 5T 13, 44-45 JBEO
FREFHIDO DMRV ¥ A (GNE-/-hGNETg)
B XTUOHEEFI MDD —J
(GNE+-hGNETg)% Fi\ 3/, 2X101 w71 )L
277 L (vg) AE—O GNE-eGFP-AAVS
BIN LUC-eGFP-AAVS %= EEIRE D5
L7z, 5%, 60 BB TRy RI)VTOHE
ghRE 738k, Plethismography 17 & % MR
HEZTH > EEBIT M CKEZRIEL Z.

RAERETT DO AAVS OO E—813, 7/
s DNA 5, GFP O % Q-PCR T TH
s ticko T, REEH- .

. Weakness . Amy.laid RV, fo{man'un

N

T T
10 20 30 40 50 80
whks wks wks wks wks wks

a
v

GNE-AAV8-eGFP

DMRYV: n=10
{2x10%! vg copies per IV }

“ Littermate: ne7 [ ——

LUC-AAV8-eGFP ©
(@ \ OVMRV:e=i1 3
Littermate: n=4

(2x10%* v copies per V)

BEERE A OIKE VAR W F B
Tirolz. &S TO GFP fMEOofmikm
1. RV CEEMME OCT a2 /N>
R CoiEe, WU EZER L, IRT
JoFERRVA N U b RERBEED
12, GFP O fiE iRz, S 61T, BRT
OREBH (IA/NTF—) OWHFRITDOWTHEE
DZERET IO ROBEICDOWTHNE,

F. i PRI, B, B Sk
BHHEN 2L, GNEEEZE S 24 HPLC
FEICTHE Lz, &EESRTOS 7 IVEBD
FEIL., Y7 INVEBEREFHFERLL T,
HPLC iz TE&1 L /=,

(f PR~ D B )
TRTCOHYRRIT, ) BB -
MRERDZE L Y — RV R
BRICBE T 2 mEES I NTT WY, FEBFEE
Fi/NBIEREYmEMERNEERERICT
BE - RRBE2BETVWS, TXRTOHELEEZ
DNA 8T, WV NFEEEICHE DI &
ETFHRAEZEMEOEREORKIC LS4
VIO OMERICEET 21k CBRES
ZEsF L., (M) ESLEER - shiRIEE T >
5 — BT AL 2. DNA EBRT2EE
2OBE - KREHTIT> TV,

C. MR

GNE #H AV 4 —id. DMRV ¥
A HRHEHESF IR I < BB L., K
TIIEBEERELZ., I,
GNE-eGFP-AAV8 3. DMRV < ™7 Z Hi3k
DOEREMbZE U= HEMEIcss < REEL.
FHMETOITIVEBEREZ%REL /2.

FEAES, BRMICTY I 041 RAMVELEN,
HFREEOH KT Z2/RT 44-45 BEIZHBNT,
GNE-eGFP-AAV8 X7 ¥ — % B ¥Rk &k 0 &
AL, &5HICERsE-, BPEBIZITIX
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ONBICREITFRD 5 Naholz, £z, 1
WOV MHA DO ERZRDIZMNO T,
Q-PCR IZ X2 &TEMMRICH T2 AAVE R
& — ORI, B, O TS, B
i CH LR B VRN R S5 Nz, JEEEM
T O GFP Rl (RN oo
W, IR TIFEE & nE (NEMR) TH
WHDEDMEHER SN2, Bl CIIBEHME. NE
Mg ci<, REKETITEL A85ho /2. D
WIFIEE—1C GFP OEWRBENR 5 1177,
—. BRDTIE., W DO FhEHE TR
GFP OFENRD 6 N7z BGIERRHENEE %
L Z LTV D480 BRI AR e 0D & B 1 o0 3585 i
DERFEIIRD SNEN o T2, ED XD IR
HEDY GFP Btk & 7> T a3 TH
D

Muscle

Liver

AAV R 5 —DFeHIZL 0. £HFEFEN L
FU. 60 G E TIZTEBBEIC B A EEIE 730>
/7. IfiE CKEiZa > ba—)L LX)V ETH
BT, 60 @ETO DMRV <7 A DEHHE
I, FAEFI> ho—)L (NTFOEESKT
A EEEEEFERORE BEET. &
EMR SN, £/2, BEEH O EE, BrmfE.
Wi NI 3BEE e mEN R S Nz, FANZR
D OHERCHITS GNE {EHEITEZEICRE L

THD., BEESTIVE L)L EFRVFEBIHED
B 537z A D ZER D RSB TR Uy
TIOA ROEEDbEIEAER NN ST,

Survival rate after AAV injection

105 ‘ " - e )
_... ’,Li

w B L =
> R f
i, y St
2 ™ 9 hd
5 4 p—
@ s
-
[
=28

44 45 & 55 &0

Age [weeks)

D. &

AAVEXR 7 5 —Z W TEAIZLS
T, EHMHICAAVER Y 7 —DRERB L OE
ABLETORENBO SN, £, 5
O TI. MERNICZ B OGFPEME O
NRD 5Nz, BT, DIETIE. 1FETART
DO R NI N R S5 N/z. AAVEAN
7 & —REHEDMRV Y 7 A T, &% DOGNE
FeRIETE & > TV L OV, P, B,
Wi, B CIIEEICEENR SN, O
D LI, . B, Bihs EICHDA
FNZAAVENR T ¥ —INGNEZELEL TS T
WL )& ERI®Z, 7713, AAVSN
75 =BRSS5 2 &1k D, [T
DT VIALESHEEDESE - 7ieE LA S
¥, 28I 7IIVERERG Lz, OZD0
AREMENE X 5Tz, 5513, HERRE RN T
OF—4%—OFERAPCTAIVARY F—D Rk
B G2 XD, 2 DOBENEOEIF OFEN
HsMIRBEEZLND, DI &L FE
BROBITREEZEZEZ D ETEERRA b
EixBHTHAD,

AAVAR Y & —DImiER T, 1/6%, 4%, 5
B3, T NVEBREZEREL TWSE ZEAR
INTWS, AAVSEIE, AN U HEEAD
A7/ <. 37/67-kDa laminin receptor
MEZEETHBEINTNS, Tz, AAVI
B3R 527 b—AREEZZHL THO,
7)Y =0T X 0GB RO R
HINTWVWD, S EIOAAVSDOEERTIL,
YNRIZBNWTIE, 7 IVEBNMETL TS
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7 ARSI &

BN EREEDBMBEIFANF—OBRBIRERILDZD DR

~TE R R ODMRVIE BN DB 5 B L UHIRALKIT L B I5EI5E~

mrosEE K BET
(i) ENER - RERWRE YRR KREMRE R EER

MAEEE

k7=,

DMRV )L L EHRIHIZBITS ROSEZ in vivo THIEL /2. E ROF I HIND
BlI. T XERHTIHEEDITEML., EROETEORBRERE Lz, £k,
DMRV <7 A B TIImEcEn, 7 ho 7 —BEEETORE LENRD 57z,
DEDOETINIT A TOREBALERGICEID., BEHORRBIMSINCEIET S Z &N

A. THEHEHM
D Bl E D AR S FNTF—

(DMRV) 3. HE&EESFERE T, EITEM
B (ASEE®) NMEINLEREOHEERT
Hb. BATIEHIBM E4T50. 1 AD
TIV « KE - RV % TR A ITIRFEMT
b Tnwa, —F. £ATIEH. OFHOEE
DEETHZE, Qe<EBEEN NI &,
QRIET 5 EHEDOE VB TRBITHTA
BEL BT EOERTHE I &, OFDE
BTHDIENS, EATETBRYRE RN
56BN EENTNSD,

RATINETIZ, AEBIT. 7 IVERAE
BRBEOCEEREETHD
UDP-GlecNAc2-epimerase/ManNAc
6-kinase Z 1— K95 GNEBETDERIZ
FBEETHD, HIBM EH—EERBTHD
& (Neurology 2002). BEEH. MK T
T NVBEMNED L TWSE &, BEMR
TRONDES T UIMEIET T IVEBROBREIZ
KDBETE ST L (I Biol Chem 2004) %
RLUTER, 5ICEE. AT TAE
BOETIVY T ADIERIZHRII L 72 (Hum

Mole Genet 2007) .

Z DT AN 20 B AR H KT 2 7R
TN, ZOHMETITRICHERERERET
B ENDNoTWS, £72, 30 B D
I 5RLHOEFERTIETIZ. HREENIC
BRINDHHMHENTOH AL, BT,
N—FT7I0A4 REFURRLIY INIED
BRI TOBICEIERI SN ECARZ
DOEREBEEL TV ZEATRBRIN TS,
BREHEETOREHOMERETINVEL
T, EEERERE (ROS) OFEESNEZLHNT
W5, ¥, HMEE. I a2 RUTTHE
H 172 ROS 8, FOXO > 7). /=&
NFxB > 7 )V EiEE L T, YN0 EE
R, DR EEELT S 2 &ITkD
BEBCEDENDIBDTHB., £z, TV
UNAR—WTIIEET BRX—F 7304 R
RTF REEKEN ROS ZEATZ EORED
H5.

S 517, invitro DF—F TldH B0,
TNVEEEED a7 MEIN.ROS 2RET 5 &
WO BENRD S, 7 IIVEDEK T L /= DMRV
BT, F#4 L7 ROS ZRrEHSERWE
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DT, FiRDOHAr— REEHE LT 2 nlEet:
13H 5.

ARAEEOWPFETIE. DMRV 7)Y AT
® ROS FEA %\ in vivo THIEL /2. £7z.
ROS FiREETFOEMLZHET S E LD
12, INREETOPIEE(LEE T ORESL 2 Bt
L7z,

B. WAL

DMRV OETIV T A
(GNE-/-hGNETg)lZ.GNE-KO ¥ A & & %
GNE F S5 AP v IRIALEOHITE
DOEICEZDERL -, v~ ATHBEKK. B
HEfHER, 12 FEOBEBRE CHRE L .

TUAERHOE ROF I hIVE,
HUYF)VEE STy NEICTHEL 7z, 5bmM
HUYFINEF YD L) T)VIRE R TR
ELUTC EmEA 70y 147 ALK,
Bon-BEKITITOEE, BLHREEZE
ZIWHHHPLCICY 794 Lz, e FOF
SO ETYTFIEEEDRENTHDY
t RoF P ZEEEROHBA)Z D HIERL -,
ERRBGIGEICEEL 2 ROF2 I H)VD
Bl T, WEE ff 2= BRI L e = 7z,

FTHEEFOREBRIE TagMan 70— 7
Z A= Q-RTPCR 12X - THIE L7z,
i bERSRBII. N-T 2T I AT1 >
L a b7 zo—)VEEEZ AW N-7tF
W ATA i 1.0% KN 0.1%DIEEIZT
K5 Uiz, 5 IR 22 8R0S 578
BETITo 7. a bd 7z O0—)VEEEIS.
20IU/H/R T AOHARIZCTERHEIEE TS A
77, 16BN S 26 @i E TH 277,
EEEHREOFMEIL. Ly RV TOHEE,
BE 1AM, in vitro TC 0D BAEEE K& 1 IHE 773
. ERIREEZICXZ VfTo 2. in vitro
TOHEEERMONE 7 A M3, PEEm B
LORTEBHZ RN 5B E TRE/IRETH

BEL., WSEICREREODIT, b ATa—
Y- IR, EEREREP T, &K
BIHEE TOBEIM S (Bms) & 10-200Hz
(300ms) TO5&EfE S Z2HEE L7z,

(fff B2 /@~ D B JE)
FTRTOHWYERIL, ) ELFE -
MREBRWIEE ¥ — R FE T 84 5=
BICBE T 5 MM iEsH IcE TV, FIFSE
BN EBREYmERERSEERICT
L RKBEBTVNDE, TRTOMSIEZ
DNA EEIT. ANy AFHEEZICE DL &
T A EYSEOFEREOHGNIC XS4
MDOLREMEOMERICEET ik SHRES
2L, () ENCRE s - miRERp s
& —REITZE AT AR 2. DNA BB L 2E 5
LDEL - RREH/TIF>TW5S,

C. MERR

DMRV ¥ ™7 2B BT, LRI
WU ROF T IPNINEENBRI N,
t RaFs 2 )VdmEmizfEn #HBml 7z,
a2 ba—)L 7 2z LT, DMRV Y7 A
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O Gne{-/-)D176V-Tg

(1
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0.00 .
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AR BRI A BRI SSE N R o Nzt &
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I SN EEE R S 720N, IERITIIR R
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BAGHHFMEEMGE (EEEARRGUTTER (R - BiREB2EH))
SHEUIIERE =

BIMOEREZHE BMEIAINT-OBEDRERILD 2D D
~ZHFRGEM LS FNTF— O HREBRICE T S F~

WsEoEE HA EE
ESRFEN RILRFERFEREFERUIFER #R

WMEES =FHE2P.0E L THOEMEI A/NF—0REBICETIHERIELZTS. =
HRSEM B S A NTF— DR MER S NIT 5729, dysferlin BIZTEROMEE Lzho iz
BEERZMF L, ZEN1LTLUIVEDNS TWBEEH DO dysferlin 7 > /N7 D REGANE
DDV dysferlinopathy D FREEDIE W E BN S, AHFFEIL K dysferlinopathy D

BERRENB I RONSBROBEE ERER /25 EEX 5.

A BEREBERN

Dysferlinld 19984 =i BHEAL R = /%
F-OREERTFELTIZO—Z2TEN
Jro BHEIHI A MO T 4 —2BROKERT
HBHZEBHHMAL, dysferlinopathy& D
BESNHENL U T & V3 A A N =5 BENL
MIFANTF—BIOEHHH A T 4
—WBNWTHBRFREDAI Y-
ZITV, ZHFRNEME S /8T —4650%,
R R36 R R CHEETARZHEE L.
dysferlinopathyMgEH N2 H D DEIRT

EROWE LMo mBEFORNEITo 72,

F /= dysferlinopathy D 7> F i REFRBA D /=
DEMET I TOERSITO /2.

B. W5 H &

Dysferlin Bz TS, 77/ L DNA %
£ L7 1T polymerase chain reaction
(PCR)-Single strand conformation poly-
morphism (SSCPEIC TERZRTI LE
BEARFIREETHRE L. ZOHFET
dysferlin BIn TAROHEE L 2N >72HD
@ dysferlinopathy 7 %¢i>31% FB3E Z W R

EU. g CKEZBRTERENEE L
78 ADifniE CK i & il =& B L (10
4£T 1,000IU/1, 27 4T 800IU/, 374 T
427TUN % FFR) sk L7z, }ROWNRIT
BEODHRZAFEOH DN 17 A, thoiE
PLBEIDY 4 N, BALBILISN 16 N2 o Tz,

F 7 dysferlin RENR 5015 SJL I
A THEEEICEIS-9 5 poloxamer 188 %%
BIER > TSRS UHiEHORR D&
DFITONTHTFEMFENITHRF Lz, &
GETRBEOEM{IDODVWTIE~Y1 707 L1
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Peracetylated N-Acetylmannosamine, a Synthetic Sugar
Molecule, Efficiently Rescues Muscle Phenotype and
Biochemical Defects in Mouse Model of Sialic Acid-deficient
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deficient myopathy.

sialic acid deficiency in disease.

.

rBao:lc.ground: Distal myopathy with rimmed vacuoles/hereditary inclusion body myopathy (DMRV)/hIBM is a sialic acid-

Results: Tissue sialylation in DMRV/hIBM mice is efficiently increased by Ac;ManNAc, a synthetic compound.
Conclusion: Ac,ManNAc rescued muscle phenotype in DMRV/hIBM more efficiently than natural compounds.
Significance: Application of this compound includes its potential use in therapy and in understanding the molecular basis of

\

S

Distal myopathy with rimmed vacuoles/hereditary inclusion
body myopathy (DMRV/hIBM), characterized by progressive
muscle atrophy, weakness, and degeneration, is due to muta-
tions in GNE, a gene encoding a bifunctional enzyme critical in
sialic acid biosynthesis. In the DMRV/hIBM mouse model,
which exhibits hyposialylation in various tissues in addition to
muscle atrophy, weakness, and degeneration, we recently have
demonstrated that the myopathic phenotype was prevented by
oral administration of N-acetylneuraminic acid, N-acetylman-
nosamine, and sialyllactose, underscoring the crucial role of
hyposialylation in the disease pathomechanism. The choice for
the preferred molecule, however, was limited probably by the
complex pharmacokinetics of sialic acids and the lack of bio-
markers that could clearly show dose response. To address these
issues, we screened several synthetic sugar compounds that
could increase sialylation more remarkably and allow demon-
stration of measurable effects in the DMRV/hIBM mice. In this
study, we found that tetra-O-acetylated N-acetylmannosamine
increased cell sialylation most efficiently, and in vivo evaluation
in DMRV/hIBM mice revealed a more dramatic, measurable
effect and improvement in muscle phenotype, enabling us to

* This work was suppoﬁ:ed in part by Reseasch on Psychnatnc and Neurolog~
ical Diseases and Mental Health from the Japanese Health Sciences Foun-
dation; the Program for Promotion of Fundamental Studies in Health Sci-
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establish analysis of protein biomarkers that can be used for
assessing response to treatment. Qur results provide a proof of
concept in sialic acid-related molecular therapy with synthetic
monosaccharides.

Distal myopathy with rimmed vacuoles (DMRV)*/hereditary
inclusion body myopathy (hiBM) is a gradually progressive
autosomal recessive disorder that predominantly affects distal
muscles at the initial stages but also involves proximal muscles
during the progression of the disease (1, 2). DMRV/hIBM has
been reported as quadriceps-sparing myopathy because the
quadriceps muscles are relatively spared even during the late
stage of the disease (3). Skeletal muscle pathology is character-
ized by rimmed vacuoles in some fibers, scattered atrophic
fibers, and intracellular congophilic deposits that are immuno-
reactive to amyloid, hyperphosphorylated taw, and various pro-
teins (4, 5).

DMRV/hIBM is due to mutations in the UDP-N-acetylglu-
cosamine 2-epimerase/N-acetylmannosamine kinase (GNE)
gene (6 — 8) that encodes the bifunctional enzyme catalyzing the
two critical steps in sialic acid synthesis (9). Sialic acids are
monosaccharides found at the terminal ends of and confer neg-
ative charge to glycoproteins and glycolipids and are associated
with several biological functions (10 ~15). Because mutations in
the GNE gene lead to significant reduction in one of the two
enzymatic activities of the gene product (16, 17), it was hypoth-

* The abbreviations used are: DMRY, distal myopathy with rimmed vacuoles;
hiBM, hereditary inclusion body myopathy; GNE, UDP-N-acetyigluco-
samine 2-epimerase/N-acetyimannosamine kinase; ManNAc, N-acetyl-
mannosamine; Ac,ManNAc, tetra-O-acetylated N-acetylmannosamine;
Ac.NeuAc, penta-O-acetyl-N-acetylneuraminic acid; Ac;NeuAc-Me, penta-
O-acetyl-N-acetylneuraminic acid methyi ester; Ab, antibody; BW, body
weight; CSA, cross-sectional area; NEP, neprilysin; SG, sarcoglycan; DG,
B-dystrogiycan; AB, amyloid 8; Lamp2, lysosome-associated membrane
protein 2.
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Ac,ManNAc Rescues Muscle Phenotype in DMRV/hIBM Mice

esized that the sialic acid level in DMRV/hIBM is altered, and
this was later demonstrated by the reduced sialic acid levels in
muscle, serum, and cultured cells from patients (16). This was
further supported by findings in the existing mouse model
that resembles the phenotype in humans, the Gre '~
GNED176V-Tg mouse, hereafter referred to as “DMRV/hIBM
mouse,” which showed hyposialylation of serum and other tis-
sues from birth and exhibited late onset progressive muscle
weakness and atrophy that is accompanied by mild serum cre-
atine kinase elevation from 21 weeks of age (18). In muscle
pathology, intracytoplasmic deposits comprising predomi-
nantly amyloid 8 were observed from 31 weeks of age in addi-
tion to fiber size variation. From 41 weeks onward, rimmed
vacuoles were seen in scattered fibers.

We have recently reported the prophylactic effect of sialic
acid-related natural molecules, N-acetylneuraminic acid
(NeuAc) and its glycosyl conjugate sialyllactose as well as its
precursor N-acetylmannosamine (ManNAc), on DMRV/hIBM
mice (19). By oral administration of these naturally occurring
molecules, the DMRV/hIBM mice showed favorable improve-
ment in survival rate, motor performance, muscle force, muscle
atrophy, and muscle degeneration, suggesting that hyposialyla-
tion is an important factor in the pathogenesis of DMRV/hIBM.
More importantly, these results implied that DMRV/hIBM
might be rescued by extrinsic administration of sialic acid-re-
lated molecules. However, we could not clearly define the dose
effect with ManNAc, which should be expected in establishing
therapeutic protocols. As related to this finding, we have shown
that the sialic acid levels in plasma and the organs were not fully
recovered, giving rise to some speculations that these results
may reflect a limitation in the incorporation of such com-
pounds into mouse tissues because of the rapid excretion of
sialic acid metabolites or the absence of definitive markers that
could show dose response. Consequently, this concept would
require the use of more effective compounds for the enhance-
ment of cellular sialylation and the search for more sensitive
and specific molecular markers in establishing the proof of con-
cept of sialic acid-related molecular therapy for DMRV/hIBM.
In this study, we identified a synthetic sugar compound with a
profound effect in recovering cellular sialylation in DMRV/
hIBM myocytes. When applied in vivo to DMRV/hIBM mice,
this compound can prevent the myopathic phenotype in a dose-
dependent fashion, providing evidence that synthetic sugar
compounds may be a good option to consider in designing ther-
apeutic trials pending complete toxicology studies.

EXPERIMENTAL PROCEDURES

Mice—The DMRV/hIBM mice were generated as reported
previously (18). Mice were maintained in a barrier-free, specific
pathogen-free grade facility on a 12-h light, 12-h dark cycle and
had free access to normal chow and water. All animal experi-
ments conducted in this study were approved by and carried
out within the rules and regulations of the Ethical Review Com-
mittee on the Care and Use of Rodents in the National Institute
of Neuroscience, National Center of Neurology and Psychiatry.
These policies are based on the “Guideline for Animal Experi-
mentation” as sanctioned by the Council of the Japanese Asso-
ciation of Laboratory Animal Science.
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Sialic Acid Precursors—Sialic acid {(NeuAc) and the physio-
logical precursor ManNAc, peracetylated ManNAc (tetra-O-
acetyl-N-acetylmannosamine (Ac,ManNAc)), and peracety-
lated NeuAc (penta-O-acetyl-N-acetylneuraminic acid (Ac;-
NeuAc) and penta-O-acetyl-N-acetylneuraminic acid methyl
ester (Ac;NeuAc-Me)) were purchased from Japan Food and
Liquor Alliance (Kyoto, Japan), New Zealand Pharmaceuticals
Ltd. (Palmerston North, New Zealand), and Nagara Science
Co., Ltd. (Gifu, Japan), respectively. N-Acetylglucosamine
(GIcNAc) (Sigma) was used as negative control.

Cell Culture and Analysis of Cellular Sialylation and
Cyroroxicity—Cultured myoblasts from DMRV/hIBM patients,
diagnosed based on clinical features, muscle pathology, and the
presence of mutations (heterozygous for IVS4 + 4A—G and
c1714G—C) (16) in the GNE gene, were obtained with
informed consent approved by the Ethical Review Board at the
National Center of Neurology and Psychiatry. Primary myo-
blasts from DMRV/hIBM patients and DMRV/hIBM mice
were prepared following standard protocols (20). Myoblasts
were cultured in 10% FBS, DMEM/Ham’s F-12 (Sigma) in a
humidified chamber with 5% CO, at 37 °C. Myogenic differen-
tiation was induced at confluence stage by switching the
medium to 5% horse serum in DMEM/Ham’s F-12. Forty-eight
hours before lectin staining or sialic acid determination, the
medium was replaced with serum-free DMEM/F-12 with or
without GlcNAc, ManNAc, NeuAc, Ac,ManNAc, Ac¢;NeuAc,
or AcgNeuAc-Me and maintained in the humidified chamber
for 48 h. Cells were fixed and permeabilized as described previ-
ously (16). Biotin-labeled soybean agglutinin (Seikagaku Kogyo,
Tokyo, Japan), wheat germ agglutinin (Seikagaku Kogyo), and a
mAb against desmin (69-181, MP Biomedicals, Solon, OH)
were used for staining the cells followed either with Alexa Fluor
468-1abeled (Invitrogen) Ab or TRITC-streptavidin.

For analysis of cytotoxicity, the myoblasts were cultured in
10% FBS, DMEM/Ham’s F-12 with or without Ac,;ManNAc or
AcsNeuAc-Me for 3 days. After removing dead cells by washing
with PBS, the remaining myoblasts attached on the dish were
harvested with trypsin and counted.

Sialic Acid Measurement—Total and bound sialic acids from
the plasma, membrane-bound fractions collected from cul-
tured cells, and pieces of different tissues were released using 25
mm sulfuric acid hydrolysis for 1 h at 80 °C. Released sialic acids
were then derivatized with 1,2-diamino-4,5-methylenedioxy-
benzene and analyzed with reversed-phase HPLC with fluores-
cence detection as described previously (18, 21). Total protein
was measured using the Bio-Rad Protein Assay according to the
manufacturer’s protocol.

Ac,ManNAc Pharmacokinetics—For this experiment, wild
type mice were used (n = 2 each group). After collection of
blood from the tail vein and urine for base-line data,
Ac,ManNAc (31 pmol) was given as a single dose via an intra-
peritoneal, subcutaneous, intravenous, or intragastric route.
Urine and blood were then serially collected after 5, 10, 30, 60,
120, 240, and 480 min. At the end of the experiment, the mice
were sacrificed by CO, asphyxiation. Urine and prepared
plasma were frozen and kept at —20 °C until processing. To
quantify Ac,ManNAc, samples were hydrolyzed with 4 m tri-
fluoroacetic acid for 3h at 100 °C to release the O-acetyl groups.
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