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Figure 6

Altered localization of mutant PTRE in C2C12 cells and reduced binding ability to caveolins: C2C12 myoblasts were cotransfected with
FLAG-tagged WT or mutant (c.525delG or ¢.696_697insC) PTRF cDNA and T7-tagged human caveolin-3. (A and B} WT PTRF stained by
anti-FLAG antibody colocalized with caveolin-3 at the cell membrane. The delstion mutant accumulated in the nucleus, and the insertion
mutant was seen:in cytoplasm. (A} Membrane staining of caveolin-3 was decreased and was not colocalized with mutant PTRF. (B) The
PTRF insertion mutant clearly colocalized with 8-tubulin. Scale bars: 10 um. (C and D) COS-7 cells were cotransfected with FLAG-tagged
WT or mutant PTRF ¢DNA and T7-tagged human caveolin-3.{C} ot caveolin-1: (D). The PTRF deletion mutant showed smaller molecular
weight (estimated 30 kDa), and no immunoprecipitated protein was detected for FLAG or 17 antibodies. The PTRF insertion mutant showed
slightly larger molecular weight, and amounts of caimmunoprecipitated proteins were greatly reduced. W, whole homogenate; L cell lysate,
G, control IgG; F. anti-FLAG; T, anti-T7.
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Increased p-Smad2 and p-Aktin P1-P5 skeletal muscle. (A—C} Immunoblotting analysis of Smad2/3 and p-Smad2/3592%425 (&) and densitometric
analysis (B} showed increased p-Smad2/3 in P1~P5 compared with contral muscle, with variable mRNA expression levels of myostatin (MSTN: ©).
(D-Fj Immunoblotiing analysis of p-Akt’3® and p-AktS47>. Total Akt (D) and densitometric analysis (E and F) showed increased amounts of p-Akt

in all patients except for p-AkiS478 in P2;

most clinical fearures observed in P1-P5 are likely to'be explained
by secondary reduction of caveolae and deficiency of caveolins:

Previously, Rajab et al. reporred 10 of 17 patients with congenital
generalized lipodystrophy unlinked to the loci of known CGL genes
(37). The patients showed reduced exercise tolerance, percussion
myoedema, cardiac hypertrophy, and arrhythmias. None of these
patients had insulin resistance or early endocrine abnormalities (37).
Ghanerm also reported myoedema in a patient with Berardinelli-Seip
lipodystrophy (38). Very recently, Simha et al. described CGL patients
with muscle weakness and cervical spine instability (39). Because
muscle involvement of these patients'is similar to that of P1-P§ in
the present study, PTRF mutations may not be rare in CGL patients.

This entity of generalized lipodystrophy with muscular dystrophy
~ which we believe to be novel = seems to represent a complicated
disorder; as the occurrence of other symptorms could not readily be
explained. Collection of detailed clinical information would therefore
be essential in order to understand the precise function of PTRE.

Methods
Clinteal materials. Ab chinical materials used in this study were obrained
for diagnostic purposes and with informed consent: Subjects were
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selected from 2,745 muscular dystrophy specimens kept ini the muscle
repositaty of the National Center of Neurology and Psychiatry. The
present studies were approved by the Ethical Committee ar National
Center of Neurology and Psychiatry.

Mutation screening and baplotype analysis. Genomic DNA was isolared from
peripheral lymphocytes or muscles using srandard techniques. All exons
and their flanking intronic regions of PTRE, CAV3, LMNA, AGPAT2, BSCL2,
CAVI, PPARG, AKT2, and ZMPSTE2+4 were directly sequeniced using genomic
DNA from all patiencs using an’ABI PRISM 3100 auromated sequencer
{Applied Biosystems). Primer sequences are listed in Supplémental Table 3.
To confirm the compound heterozygosity i PS, the PCR product was
cloned and sequenced. In order to determirie the frequency of the mura:
tions in PTRE. we performed enzyme digestion of PCR products from
200 Japanese control subjects using Hpy188111 (New England Biolabs) for
€.696.:697insC and Tagl (New England Biolabs) for ¢.525delG. Mboll (New
England Biolabs) was used for erizyme digestion of PCR products to detect
the c:1138G>A substitution in BSCL2.

Forhaplotype analysis, we used 6 SNPs (152062213, 158070945, rs963988,
rs963987. 15963986, and r59252) within PTRE. PCR products were ara-
lyzed by direct sequencing or enzyme digestion using Maelll {Boehringer
Mannheim). We also identified a navel 9-bp insertion polyniorphism at the
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Figure 8

NDP activity assay. NDP activity was variable between muscle fibers,
and was slightly increased in the muscle of P4, P5,and a LGMD1C
patient with CAV3 mutation compared with an age-matched control
subject. Scale bars: 100 um.

3’ noncoding region, and its frequency was calculared by PCR amplifica-
tion using 50 Japanese control individuals. We also examined 2 microsat-
ellite markers, STS-W93348 and D1751185; the closest markers to PTRE.
PCR product size was analyzed by GeneMapper using ABI 310 automated
sequencer (Applied Biosystems).

Histochemital analysis: Biopsied muscle specimens were Hash frozen with
isopentane cooled in liquid nitrogen. Serial 10-um-thick frozen sections
were analyzed with 20 kinds of histochemical staining, including H&E,
modified Gomiort trichrome, NADH-tetrazolium reductase, and oilred O
The NDP activitv assay was performed to examine nNOS activity of each
muscle fiber. as described previously (40). In brief, 10-nm-thick frozen sec-
tions were fixed with 4% paraformaldehyde in PBS for2 hours at 4°C. After
a brief rinise with PBS. sections were incubated with:0.2% Triton X-100 m
PBS for 20 minutes ac 37°C The reaction was performed for 'l hourina
dark, humidified chamber a0 37°C in 0.2% Triton X-100, 0.2 mM NADPH,
and 0:16 mg/ml nitro blue tetrazolium. The reaction was términared by
washing with water. We éxamined 6 age-mitched controls and 2 LGMD1C
patients with CAV3 murations (p.R27G and p.E33K).

Inmunobistochernical analysis. Immunostaining was performed using stan-
dard methods. Serial 6-iume=thick frozen muscle sections were fived in cold
acetonie for § minutes: Afrer blocking with normal goat seruin; sections were
incubated with the primary antibodies for 2 hours at 37°C. We used anti-
bodies against PTRE (A301-269A and A301-271A: BETHYL Laboratories),
caveolin-1'(BD Biosciences}, caveolin-2 (Sigma-Aldrich), caveolin-3 (BD
Biosciences); and nNOS{BD Biosciences): Rabbie anti-PTRE antibody of
A301:2694 recognizes residue from 125 10 175, and A301-271A was raised
against residue 238 and 288 of human PTRE (Figure 1B). In order to exclude
other diagnosable muscular dystrophies, we used antibodies for dystrophin
(DYS 1. DYS2.and DYS3: Novocastra); o-; b=, ¥=, and d:sarcoglycans (Novo-
castra); a-dystroglyean (Upstate Biotech); B-dystroglycan (Novocastra); dys-
ferlin (Novacastra); enierin (Novocastra); metosin (Chemicon); and collagen
VI (ICN Biomedicalsy. After 6 rinses with PBS; sections were incubated with
secondary antibodies of Alexa Fluor 488- or Alexa Fluor 568-labeled goar
anti-mouse or -rabbit antibodies at room temperature for 45 minutes.

Imingmoblptiing analysis. Immunoblotting analysis was performed according
to standard methods: Frozen muscle specimens wete honogenized in SDS
sample buffer and centrifiged ar 15,000 g for 5 minutes: Protein 20 ug) from
each sample was loaded on 12% SDS-polyacrylamide gels and transferred to
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PYDF membranes (Millipore). The membranes were blocked with 5% skim
milk in PBS and immunoreacted with antibodies to PTRF (A301-269A and
A301-271A), caveolin-2, caveolin-3, nNOS, Smad2/3 (Cell Signaling Tech-
nology), p-Smad2/354%425 (Sanra Cruz Biotechnology Inc.), Akt (Cell Signal-
ing Technology), p-Akt3%8 (Cell Signaling Technology), and p-Ake®*73 (Cell
Signaling Technology) overnight at 4°C. After washing in PBS containing
0.1% Tween-20, the membrane was incubared with horseradish peroxidase-
labeled secondary antibody and visualized with ECL (Amersham Pharmacia
Biotech). Data were analyzed using LAS-1000 chemiluminescence imaging
system (Fujifilm). Quantification of immunoreactive bands was performed
by densitomerric analysis using Quantity Orie (PDI), and protein amounts for
caveolin-3 and nNOS were notmalized by the intensity of MHC. The ratio of
p-Smad2/3 and p-Ake, ro Smad and Ake, respeéctively, was also calculared.

Electron microscopy. Muscle specimens were fixed with 2% glutaraldehyde
in 0.1 M cacodylate buffer. After shaking with a mixture of 4% osmium
tetroxide, 1.5% lanthanum nitrate, and 0.2 M s-collidine for 2-3 hours,
samples were embedded in epoxy resin. Semithin sections (1 um rhick)
were stained with toluidine blue, Ultrathin sections 50 nm thick were
stained with uranyl acetate and lead citrate, then examined under H-600
transmission electron microscope (Hivachi) ar 75 kV.

RT-PCR. Total RNA was extracted from biopsied skeletal muscles using
TRIzoL (Invirrogen), and RT-PCR was performed using SuperSeript 111
(Invitrogen) with random hexamer according to the manufacturer’s
instructions. Primers for each gene were located on different exons or
directly spanning exon-exon boundaries of the genomic sequence in order
to minimize amplification from any contaminating genomic DNA. After
performing preliminary gradient PCR assays, the optimal annealing tem-
perature for all the primer pairs was determined 1n order to generate the
lowest Ct value as well as a sharp melring peak, with no amplification of
nonspecific products or primei-dimer artifacts. Quantitative RT-PCR was
performed to compare the mRNA expression of caveoin-1; caveolin-2, cave-
olin-3; and myostatin usitig Rotor-Gene 6000 according to the manufac-
turer’s instructions {Corbertc Life Science). The reactions were performediin
reference to the GAPDH. We used 4 points consisting of 10-fold serialdili-
tion-using each:primet set to build the standard cusve. The PCR reaction
(50 cycles) was followed by a melting curve analysis, ranging from 72°C to
95°C, with temperatute increasing steps of 0.5°C every 10 seconds. Base-
line and threshold values were auromatically determined and analyzed.
RZvalues exceeded 0.97. The 2-standard ctirve method was used to deter-
mine the relative expressionfatio of the rarget gene in the patient samples
versus the control sample, with reference to GAPDH expression:

Cell cultiere and fransfection. COS-7 and €2C12 cells were mainrained at
372C in a humidified atmosphere of 5% CO; in DMEM (Sigma-Aldrich)
supplemented with 10% fetal bovine serum: Full-length PTRF and caveo-
lin-1 and -3.were amplified using total RNA from control human muscle
and cloned into the pGEM-T-easy vector {Promega). The PTRE murants
€.525delG and ¢.696. 697insC were generated using appropriate: prinets.
All'primer sequences are shown in Supplemental Table 3.

Immunocytochemistry. COS-7 and C2C12 myoblasts were cotransfected
with FLAG-tagged W'T or mutant (c.525delG or ¢.696.697insC) PTRF
cDNA and T7-tagged human caveolin-3 using FUGENE6 (Roche). Trans-
fectants were fixed for 30 minutes in 2% paraformaldehyde or 100% metha-
nol, then perimeabilized in 0.1% Triton X-100 for 10 minutes: Polyclonal
anubodies to FLAG (Sigma-Aldrich} with: caveolin-3 (BD Biosciences) or
FLAG with B-tubulin (Calbiochem) were applied for double staining:

Immunoprecipitation. COS:7 cells were cotransfected with FLAG-tagged
WT or murant {¢.525delG or ¢.696.697insC) PTRF ¢cDNA and T7-tagged
human caveolin-1 ot caveolin-3 using FuGENE6 (Roche): The sequences
of all constructs were verified with DNA sequencing using ABIPRISM 310
{Applied Biosystems). After 48 hours, the lysates from transfectants were
Nuiber 8
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solubilized with 50 mM Tris-HCI {(pH 7.5), 150 mM NaCl, 50 mM EDTA,
1% Tritorr X-100. and Completé-mini EDTA-frée proteinase inhibitors
(Roche) (9). The solubilized lysate precleared with Protein G Sepharose
(GE Healthcare) was incubated with anti-FLAG (MZ2; Sigma-Aldrich) and
anti-T7 (Novagen) antibodies, Immunoprecipitated proteins wete dissoci-
ated from beads by boiling in' sample buffer and were resolved by SDS-
PAGE: Immunoblortting was performed using standard rechniques:
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