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Figure 3 The origin of the inserted sequence on chromosome 11. The normal sequence of chromosome 11 (5-3") is shown on the top line (ch11). The
bottom line shows the complement of the inserted sequence (shaded), and the upstream sequence obtained by 5%-rapid amplification of cDNA ends
(5’-RACE) (novel). The vertical arrow indicates the 5" end of the 5’-RACE product. Vertical lines indicate nucleotide matches. Boxes indicate TATA boxes. The
polyadenylation signal (AATAAA) is marked by dots over the nucleotides. The longest open-reading frame, encoding 29 amino acids
(MTVKWGKKTCPASISMMLLHHMKTEIFQF), is underlined. Vertical arrowheads indicate nucleotide numbers on chromosome 11 (GenBank accession no.,
NT_033899.8).
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Figure 4 Expression of the inserted sequence. Reverse transcription-polymerase chain reaction (RT-PCR) products of a fragment of the inserted sequence
from 10 human tissues (upper panel). A product of the expected size (206 bp) was observed clearly in the brain, thyroid, placenta, skeletal muscle and
testis, but only faintly in the heart, lung and kidney. The validity of the amplified products was confirmed by sequencing (data not shown). No visible product
was observed in the liver or bone marrow. The lower panel shows glyceraldehyde 3-phosphate dehydrogenase (GAPDH) RT-PCR products from the same
samples. MK, DNA size marker.

As the inserted sequence corresponded to the 3’ end of the
unknown transcript, we cloned the 5" end of the transcript by 5'-
RACE from the brain mRNA. This generated a single product with an
additional 240 bp at the 5" end of the inserted sequence (Figure 3). In
the genome, this additional sequence was contiguous with the inserted
fragment. Therefore, we concluded that the entire 452-bp region was
expressed in the human brain. Examination of the genomic sequence
upstream of the transcribed sequence revealed four TATA boxes
(Figure 3). These results indicated that this region contains an
intronless gene structure.

Journal of Human Genetics

When the novel transcript was examined for its protein coding
ability, the longest open-reading frame encoded 29 amino acids
(MTVKWGKKTCPASISMMLLHHMKTEIFQF) (Figure 3). Homo-
logy searches for this peptide revealed no significantly homologous
proteins and no significant domains. A strong consensus sequence for
the translation initiation site!® was not present in this frame. Taken
together, these findings indicated no appreciable protein coding
ability. The possibility of the transcript being a micro-RNA was
examined by screening it against the miRBase database, but the
results were negative. Therefore, this transcript is currently considered



a novel non-coding RNA transcribed from an apparently silent
genomic region.

DISCUSSION

We identified an approximately 330-bp insertion at the ninth nucleo-
tide of exon 67 of the dystrophin gene (Figure 1). Even though the
enlarged exon 67 maintained its wild-type splicing consensus
sequences at either end, the full sequence of exon 67 was skipped
during splicing (Figure 2). As a result, the dystrophin mRNA would
contain a premature stop codon within exon 68. We concluded that
this insertion mutation causes DMD by inducing a secondary splicing
error. The exon 67-skipping is likely owing to the enlarged exon size
(approximately 480 bp) that escapes proper recognition by the splicing
machinery, as has been reported previously.!!

The identified insertion sequence had the hallmarks of a retro-
transposon: an approximately 115-bp T nucleotide stretch that would
be complementary to the poly(A) tract of the mRNA and 3-bp (TTC)
target site duplications (Figure 1b). In addition, sequences at the
insertion site within exon 67 were well matched to the consensus
cleavage site for the L1 endonuclease (TTTTCAA) (Figure 1c). How-
ever, the inserted sequence did not encode any meaningful protein,
including reverse transcriptase (Figure 3). We assume that the novel
transcript was retrotransposed using autonomous L1 retrotranscrip-
tase and endonuclease.’ It has been shown that protein-coding
mRNAs are occasionally reverse transcribed and integrated into
. genomic DNA, possibly as a by-product of L1 retrotransposition.!®
Ll-encoded proteins bind to a processed cytoplasmic mRNA instead
of L1 RNA. The abundance of cellular mRNAs and their 3" poly(A)
tails are thus thought to be the critical factors allowing mRNAs to take
advantage of L1-encoded proteins for retrotransposition.?

It has been previously reported that the L1 retrotransposon
machinery retrotransposed a partial ATM gene sequence from chro-
mosomes 11 to 7, although no full-length L1 has been identified
around the ATM gene?® Considering that the ATM gene is 2614kb
centromeric to the novel transcript, it is likely that the same L1 that
retrotransposed the ATM gene also retrotransposed the novel non-
coding gene into dystrophin.

A total of 118 disease events attributable to retrotransposons of L1s,
Alus and SVAs have been reported to date, comprising 0.27% of all
human mutations identified. In the dystrophin gene, four retro-
transposons have been identified to cause DMD, the largest being a
1400-bp L1 insertion.!? Previously, one L1 insertion was identified in
our Japanese patient.!! This report increases the number of retro-
transposon-related insertions to two out of the 442 identified muta-
tions in Japan,?* and we calculated the rate of retrotransposon-related
insertion to be 047% of the mutations identified in Japanese
dystrophinopathy. This higher incidence may be owing to a detection
bias for mutations in the dystrophin gene on the X chromosome,
which are more easily detected than mutations in autosomal genes.”

One non-autonomous retrotransposon insertion causing human
disease has been reported in the SLC25A13 gene, resulting in citrin
deficiency.1% The 2667-bp sequence from a gene on chromosome 6
(chromosome 6 open-reading frame 68) was found inserted into
intron 16 of the SLC25AI3 gene. This insertion has a repetitive
sequence (17nt) derived from SLC25A13 at both ends of the insert.
Even though it was inserted within an intron, this insertion created a
novel exon that included a stop codon and a poly(A) addition signal.
The insertion was identified not only in the Japanese, but also in other
East Asian populations such as the Chinese and Koreans. Therefore,

this is most likely an ancient retrotransposition that occurred before

the Japanese and Chinese became separated. In contrast, our insertion
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has two novel characteristics: (1) the insertion occurred in the patient,
indicating contemporary non-autonomous retrotranspositional activ-
ity and (2) the inserted sequence was a transcript from a region where
no gene has been mapped.

As the novel transcript was expressed in the brain (Figure 4), it may
be involved in brain function. Recently, it has been reported that
normally quiescent ‘jumping genes’ can be activated in neural pro-
genitor cells.?? The novel transcript may be one of these quiescent
genes, although its expression is probably under the control of a TATA
box (Figure 3). Further studies are required to elucidate the physio-
logical role of this novel non-coding gene.
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Exon skipping therapy for Duchenne muscular dystrophy

T HlFEn MEHNY

Tomoko Lee' and Masafumi MATSUO
MR RSF RSN RN BRI

BEUNEY F— g VR

. MTAERER S

ODmMmeM%/2ba74—mmmé:/xbm7<>ﬁm%®§ BILE > TRET 5BEMHEE TH
'u1ktm5;ﬁF?%ﬁb f&%é%f@éﬁ uit&mmﬁuﬁ¢“ Ra

ﬁZmélﬁszéjayaﬁﬁﬁﬁw.?&?tpz#&jiﬁp#%PM&ﬁm@&mmemmﬂ
EEDZ TS A VL TOUNLTIII 2 OXEy BV TEEEL, 73 /BOEAR)BOThEEET S
L&TYZFD7{/§E%F$éﬁ5%®Tﬁ§ EE 513 2006 F, DMD EFHUCH L T AS-oligo %85
RIS L VX a7 CBEAREE 8B LPTRTHE L%, BRTHUDTHEEMICLE B3
DHECEEEEE, FXUIPTS UL THIIVS A%y EL I REAEOEIEI BEEh TS, 25
(DN, EESEI VYL AR BT EBET AESTIAMERM UL, TV 2%y L TREAR
SRR, DMD OEEMAARICE 3 5D LEE &N S,

iword

DuchenneBfp YA M7 4 —(DMD), IOV AxvELY,
DR TFEEY

FPUOFEURAAYUDAIOULFR,

074 VEARPHEEIEZLOTHS, FLTE
Bz DMD FEMC X L T AS-oligo % E IR 5
L, PAM0 74 rEEZRHEILIESEH LT

Duchenne B A k@ 7 4+ — (Duchenne mus-
cular dystrophy : DMD) /N THIET 5 b - &
bHHEOEWEEEHEETHD, AT 71

VEBEBETOREICXoTHIET S, HEBR TH5I L% 2006 FILHATIEILDTHS 2
3,500 AT 1 ADPFIE T BHEDE VBB TIER LV, 208, 7748, A XY ZXh5% DMD

LEETHB-D, BIGNTIBEEOMENE X
NTER:, VA7 4 viBEFRIa—=v
ENTUUE, EELRIAIT T 4 VEBEFREA
THEETERBICTEPES 2, BELEX
MR TOBEE L TOERIKIEE S Tk,
—HT, FHELRTVFRVAFTYTX I vA
F I (AS-oligo) I & D BEEREBET 2 0F¢
BOWE 2EDTEL, Zhid, AS-oligo Z Al
T mRNA Wik 2 7534 v vty
VyDAEYEYTRFETHILETTE/BO
HAWhBoThz2EBEL, #BlErzETs02

536 | E&0®BWH Vol 238 No. 5 2011, 7. 30

REGIIZ XT3 % AS-oligo 5 DA E X
N AS-oligo Ik BT VYV AX v BV IHE
BRI RRERINIGED 5N Tn 3
AFETIE,DMD ICHT 37V vy Ay Ly sy
BB WIS T B

% @ DuchenneZd & K U'BeckerBgHs/ X b
O7«4—&IRbOT 4 /BEF
DMD B X U Becker B A bua 7 4 —
(Becker muscular dystrophy : BMD) i3, 2
BEFRERT - L EEOEWEREEDE

Presented by Medical*Online



HREEECH 5, DMD i3 4~5 R A0 685
ET 2RI N, ZOBEBHHETIETL 12 KE
TICHTREEE 2D, 20 R TLRECERA L
Wk DB ERRIRETH S, —, BMD i
DMD 12 iR THAET DBREIIE CET LB
fe &, HEHICR TR UDTERZED 241
b5,

DMD/BMD DEMEBEFTHEIPA LB T 4
VEBEFIE X RafEB L IcFEET 3 3,000 kb
KREERLBETTHD, 9BV s
EREh3, DMD/BMD T o6ns A b7 4
VEEFOERELTE, oY vELOREP
B, FVRVABE, ATSAVVITERRL
DEINEEBH B, 7YV VENORENE X
Z 6 ERED, b0k b,

AU T 4 VEBEBEFIZI-FENTHEY R
Fa v g ViZFHEEEET S T3 HEWERD
EHTH 5. BHHORERETIX, DMD TR
Zta 74 vidGiEEcREInTYA o
7 4 VREZRRTH, EROB BMD Tk
Jac O A Fa 7 4 UUERRICREINS,

@ 7= /EFmHRORA
REPALE 74 VEBEFORBETHEIILD
6 55, DMD & BMD Tl3EREIKE C B
%, BEED DMD LERECH 25 BMD DEWIE,
72 BmAE) BRI THAE NS,

mRNA » 6 EHAPBIREN LG, 3EHET1L-
DFE/BPa—FLTws, YAruzq Vil
EFOLIY VEMNORRIZ Lo TRbNSEER
Bhs 3 DEETHNIE, mRNA OF S/ BEFEAE
DRI EN D (L 7 L —0), BIFROE
IOEIETF RIS T 27 2V BIIRET S
2, B boVv R a7 VHBEELEENS,
ZD-DERDOE S BMD & %3, REQEIER
A3 DEHTE WS AT mRNA OFEAR Y Heas
FTNBED(TFI LT 7L—L), AbyTay
VSR L, EEENRY A a7 4 VEAIEER
SNTEHERD DMD k73,

IOLFHEEIZEBEL, DMDO7P Y LT 7
L—LBA VT L —LIlERIEEIENTENR
I3, BRErHETsYAMu 7 4 VEHREEL,

EJED DMD 2 BEHIAEHLT 2 & L HSATRE & X
3.DMD RT3V A%y Er S HEERE
REIRIDBERIETE, BEEHRDOLDERE
FREHALTPA R 74 V2 REAILIHDT
b5,

@ WERETH T
IOVIAFyEVITHEERE

BEOIX, 7V 19 RIEBOREZH T 55
B A br 74 VRO OBEFIZE BT, 57 )
A DNA Tlx 27V > 19 WiC 52 HEDREHEE
DoNBZDRML, mRNA Tld= 7 V19 £k
BRELTWBEIZIVVAFy EVIBEL T \»
BLERFERLE, ZOBPITRAZIASYID
2V FRAEIIBHERINTEY, =7V ra
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Takeshima & (2006) Van De(u;g(l)(;);n 5 Kinali & (2009) Goemans & (2011)
<JEH>
#(AN) 1 4 7 12
EEL R 10 10~13 10~17 5~13
<AS-oligo>
By v 19 51 51 51
TEE S~oligo 2-0OMePS PMO 2-OMePS
SR 31 20 30 20
B 5%k BRIR A WP AT HANES BT st
58 0.5 mg/kg/wk x 4 B 0.8 mg 0.09mg 71X 09mg |05, 2.0, 40 F72iF 6.0 mg/kg/wk
X5 3@E
<HER>
SR 138M% 4 38R 3~4 R 2 B, 7 BRE%R
mRNA IV IQAXY TS| IV VSELAFY T | IV V51 2%y T IIYVVELAFY T
0.5 mg/kg HEFRZAF v 7 (=)
EHFEE (+) (+) (+) bFH— (+)
Blfe (=) (-) (=) (=)

S-oligo : phosphorothioate oligonucleotide, 2-OMePS : 2'-O-methyl phosphorothioate oligonucleotide, PMO :

phosphorodiamidate morpholino oligomers.

FEXN, PRI 4 vEAOERLIERIN
7z,

& 51T phase I /T a KBS Efa g, W
B 12 AcxtL 2-OMePS D TS %1757
mF 12 A% 05, 2.0, 40, 6.0 mg/kg/wk D 4 D
DBERILFNFN I ATODEL T 5 EE#R
X7\, $iERPH L. 05 me/kg/wk 158
TRV 51 A%y FIRED SNl o 1225,
ZNBADEF TR LIV ELDRAFyEV S
FE, PALu74 vEOOEEZRD, M
DHERZE Y, 7200 12 B RERE
TiE, 6 AMEBITHREBE TS 3524287 m ORE
PR, BEF, BEARPRaI /a0y
vDOLEE, BEHGOEELREPEERERLLT
AoNTbDD, BEELZEEEROEERIRDS
nhholbtFW,EINTH S,

4 3FY A5 b 2009 FEIZ, Phosphorodiamidate
morpholino oligomer(PMO) % F w7/ x 7 vV v 51
DAXy v THEPREINT. NREBETA
ZEFAER(0.09 mg) & BARRE(0.9mg) it T
ZNFNHANEE 2T, ZOWREBRETL 72,
2R, BFRELEHRICBEWTS Ao
74 VOREPHERIN, SBHEBHOIEINLD
WA PO 7 4 YOEREZEDRY,
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G TOVIREY Y IHEABOR
AS-oligo Zx 7V VRENICA X vy ¥ HE
25757, BRGHADZDIZIE 12D AS-oligo
TELDBEVDRETELZZENEE LY, §0
i, fnXEIERBL YV IZBIT 5 AS-oligo 1T
LB2AFvECYITOFEEE BEEOZED
Aartsma-Rus 5 Wilton 52 & > THEINT
V310712 RS T o) DMD EG O TR ) %
b EZ, 120D AS-oligo THE D DMD. BE a5
BTEDIENZ 7Y U RBIR L., ZORE, x
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TGO03 (a kinase inhibitor specific for Cdc-like kinases)
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