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3. Zofth

L,

H. 2&3T8

Dv 7 ME#R - FRERZFEHRORILICET 2
A T4V
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B Al - oS U (hj0010.csv)
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. ME L A S EfERE 8846079
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2 Y — MR 8840933
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H— VR kAT —IEREE 8831018

4 ME R R FJiEfeERE T 8846080
5 L — VBRI R E 8848684
YT VEERE 8846217

L v K REERE G IR 8848412

Sra v YT 8845613
MNGIE*# 8846084

NI N S gyt 8846224
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Itha v P TR 8849469

Ibav P TR - IREIHES Y 8849470
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It v Y TR - SEESGDED Y 8849472
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* MELAS, mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke-like

episodes

TMERRF, Myoclonus epilepsy associated with ragged-red fibers

¥ MNGIE, Mitochondrial neurogastrointestinal encephalopathy
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K2, Le7PREERE LUCBEK

Lt 7R, BEE, A
EEEH N PAS S N PAS S
2009.4-2010.3 2,629 13,006 704 1,997
2010.4-2011.3 3,065 15,874 760 2,102
2011.4-2012.3 3,417 18,614 869 2,478
2012.4-2013.3 3,461 20,692 839 2,550
2013.4-2014.3 3,878 22,629 886 2,726
2014.4-2015.3 3,867 24,502 910 2,953
2015.4-2016.3 3,903 25,798 917 3,102
2016.4-2017.3 4,262 26,797 944 3,280
2017.4-2018.3 4,388 28,200 971 3,310
2018.4-2019.3 4,366 29,001 966 3,346

A&t 37,236 225,113 - -

x3. BEHEB IUERES

BEE
IR (4. 1) A
2009.4-2010.3 2,245
2010.4-2011.3 2,351
2011.4-2012.3 2,762
2012.4-2013.3 2,814
2013.4-2014.3 2,999
2014.4-2015.3 3,235
2015.4-2016.3 3,381
2016.4-2017.3 3,576
2017.4-2018.3 3,617
2018.4-2019.3 3,629

HiREAS (AO 10 FRb) *
2.9

* L3 2018 4E 4 A5 20194 3 Hic
B BEEK. HRHTI20184F 10 A1 H
O NOHEEE GRAD) ZH W,
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F4. 2018 4 4 H~2019 4 3 HoWiic BT 3 E£5 (Abis X 0kk)

&t BIRTN—T1 PIRTN—T2 FIRTN—T3 BTIRIN—T 4 FTIRI NV — 75

NEL A 3,629 1,953 204 122 14 69
451 n % n % n % n % n % n %
BO1,712 47 920 47 98 48 60 49 <10 - 54 78
% 1,917 53 1,033 53 106 52 62 51 <10 - 15 22
A fin
AF fin P& A n % n % n % n % n % n %
0-4m% 315 9 77 4 41 20 <10 - <10 - <10
597 333 9 140 7 59 29 <10 - <10 - <10 -
10-14 5% 233 6 137 7 33 16 <10 - <10 - <10
15-19 % 244 7 156 8 35 17 <10 - <10 - <10 -
20-29 % 352 10 230 12 22 11 11 9 <10 - <10
30-39 % 432 12 256 13 <10 - 14 11 <10 - 13 19
40-49 % 496 14 291 15 <10 - 16 13 <10 - 13 19
50-59 % 431 12 255 13 <10 - 17 14 <10 - <10 -
60-69 % 377 10 198 10 <10 - 15 12 <10 - 11 16
70-79 7% 302 8 152 8 <10 - 33 27 <10 - <10 -
80mLlE 114 3 61 3 <10 - <10 - <10 - <10
v, i (PUBZEERE)  34.5(15-59) 34.5(15-59) 12(5-19) 54.5(30-79) 44.5(30-59) 44.5(30-69)

IR 2 n<10 3IEFE R E T3
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£ 5. BEENFIRIC BT 2 BERE X OEREES (2018 44 H~20194 3 H)

. BEE, WA . BEH, &
il }\%Z%) fSZ)CI)* it }\%Z%) fSZ)CI)*
JeifgiE 169(5) 3.2(2.7-3.7) WE 53(1) 3.8(2.8-4.9)
Hix 22(1) 1.7(1.1-2.6) D 86(2) 3.3(2.7-4.1)
HF 43(1) 3.5(2.5-4.7) KR 263(7) 3(2.6-3.4)
BHR 79(2) 3.4(2.7-4.3) Fo 162(4) 3(2.5-3.5)
FKH 19(1) 1.9(1.2-3) =R 44(1) 3.3(2.4-4.4)
L% 29(1) 2.7(1.8-3.8) AL 29(1) 3.1(2.1-4.5)
(e 33(1) 1.8(1.2-2.5) BEL 15(1) 2.7(1.5-4.4)
e 87(2) 3(2.4-3.7) B 22(1) 3.2(2-4.9)
N 56(2) 2.9(2.2-3.7) fi] 111 55(2) 2.9(2.2-3.8)
HE 54(1) 2.8(2.1-3.6) Nz 73(2) 2.6(2-3.3)
®E 125(3) 1.7(1.4-2) (L 24(1) 1.8(1.1-2.6)
T 162(4) 2.6(2.2-3) 5 16(1) 2.2(1.2-3.5)
HAt 477(13) 3.5(3.2-3.8) I 19(1) 2(1.2-3.1)
HzR )1 218(6) 2.4(2.1-2.7) TR 42(1) 3.1(2.2-4.2)
Wik 56(2) 2.5(1.9-3.2) = Al 18(1) 2.5(1.5-4)
Al 30(1) 2.9(1.9-4.1) T 183(5) 3.6(3.1-4.1)
! 36(1) 3.1(2.2-4.4) g 23(1) 2.8(1.8-4.2)
fEFH 21(1) 2.7(1.7-4.2) TRl 50(1) 3.7(2.8-4.9)
LAY 13(1) 1.6(0.8-2.7) AE 45(1) 2.6(1.9-3.4)
R 52(1) 2.5(1.9-3.3) Koy 39(1) 3.4(2.4-4.7)
i B 44(1) 2.2(1.6-3) = IR 40(1) 3.7(2.6-5)
e ] 86(2) 2.4(1.9-2.9) VR 136(4) 8.4(7.1-10)
FH 174(5) 2.3(2-2.7) ath i 68(2) 4.7(3.7-6)
= 39(1) 2.2(1.6-3) e 3,629 2.9(2.8-3)

* N0 10 Tt o FRElG (95%EHEKH) .
(ZEOHFREEG) = (ZEOEZHH) / (2018 4E 10 A 1 Hick F 2B A M)
(FHGETROFEREG) = (FHEGEFROBFHEE) / (2018 4£ 10 A 1 Hic BT 5 K#D
EFER D A
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1. F#ERRICHITEHEREE

95%15 $E X il

BHREE (1073%)
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*o. HCHEEOER

BEH (BFD , A
912

BER @M . A
2009.4-2010.3 49
2010.4-2011.3 66
2011.4-2012.3 79
2012.4-2013.3 97
2013.4-2014.3 90
2014.4-2015.3 91
2015.4-2016.3 108
2016.4-2017.3 103
2017.4-2018.3 119
2018.4-2019.3 110

HERlL A (%)
By 341(49)
% 360(51)
ElbEk, A (%)
0-4 % 69(8)
5-9 % 26(3)

10-14 7% 22(2)
15-19 % 29(3)
20-29 % 57(6)
30-39 ji% 69(8)
40-49 % 109(12)
50-59 /% 159(17)
60-69 7%  163(18)
70-79 5%  133(15)
80LLE & 76(8)

SEm Rk b fE, A (PohrEiE )
54.5(30-69)
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x7. ABiH#

o T T
R ’(‘ﬁ%‘ &k /) (Zig’%) <95Fo§;§mﬁlz
2009.4-2010.3 704 64,698 39(14.5-127) 92(84-100)
2010.4-2011.3 760 74,460 37(14-134.5) 98(89-106)
2011.4-2012.3 869 83,411 41(18-123) 96(88-104)
2012.4-2013.3 839 82,760 37(12-135) 99(90-107)
2013.4-2014.3 886 92,539 36.5(13-151) 104(96-113)
2014.4-2015.3 910 92,354 41(14-134) 101(93-110)
2015.4-2016.3 917 92,735 39(13-131) 101(93-109)
2016.4-2017.3 944 100,941 40.5(15-151) 107(99-115)
2017.4-2018.3 971 103,115 43(14-155) 106(98-114)
2018.4-2019.3 966 104,217 48(16-151) 108(100-116)
£8. HRZLEM
o T,
R ’(““f;g &k (/) (Zig’%) <95Fo§;§mﬁlz
H
2009.4-2010.3 1,997 13,006 5(2-9) 7(6-7)
2010.4-2011.3 2,102 15,874 7(3-11) 8(7-8)
2011.4-2012.3 2,478 18,614 7(3-11) 8(7-8)
2012.4-2013.3 2,550 20,692 7(4-11) 8(8-8)
2013.4-2014.3 2,726 22,629 7(4-11) 8(8-9)
2014.4-2015.3 2,953 24,502 7(4-11) 8(8-9)
2015.4-2016.3 3,102 25,798 7(4-12) 8(8-9)
2016.4-2017.3 3,280 26,797 7(3-11) 8(8-8)
2017.4-2018.3 3,310 28,200 7(4-12) 9(8-9)
2018.4-2019.3 3,346 29,001 7(4-12) 9(8-9)
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£0. WA (ABE ko ath
- a I, 7

G T Tmﬁfi%ﬁ? J;?}%Elzg)
2009.4-2010.3 2,245 21.7 14(3-86) 97(89-105)
2010.4-2011.3 2,351 27.6 22(6-106) 118(108-127)
2011.4-2012.3 2,762 32.7 20(5-119) 118(110-127)
2012.4-2013.3 2,814 33.6 21(6-112) 119(111-128)
2013.4-2014.3 2,999 38.4 22(6-108) 128(119-137)
2014.4-2015.3 3,235 40.1 21(6-112) 124(116-132)
2015.4-2016.3 3,381 41.2 20(6-109) 122(114-130)
2016.4-2017.3 3,576 43.1 19(5-96) 121(112-129)
2017.4-2018.3 3,617 447 21(6-103) 124(115-132)
2018.4-2019.3 3,629 47.2 21(6-122) 130(122-139)
#10. &HAE (ABD)

- a I, 7

G R Tmﬁfi%ﬁ? <§?§o2%¢,aa§>
2009.4-2010.3 704 16.3 113(44-309) 231(211-251)
2010.4-2011.3 760 19.9 119(47-377) 261(239-284)
2011.4-2012.3 869 22.8 130(54-359) 262(242-283)
2012.4-2013.3 839 22.9 123(46-398) 273(250-296)
2013.4-2014.3 886 26.5 131(49-442) 299(275-322)
2014.4-2015.3 910 26.9 140(52-445) 296(274-319)
2015.4-2016.3 917 27.0 132(52-432) 295(272-317)
2016.4-2017.3 944 29.2 143(49-470) 310(283-336)
2017.4-2018.3 971 29.5 148(49-445) 304(280-328)
2018.4-2019.3 966 30.2 161(60-435) 312(290-335)
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F£I1LER Ok

- a e
od SRR G G Tmﬁfﬁ%ﬁ? Jﬂ%ﬁlzg)
2009.4-2010.3 1,997 5.5 7(2-24) 27(25-30)
2010.4-2011.3 2,102 7.8 12(4-33) 37(34-40)
2011.4-2012.3 2,478 9.9 12(4-37) 40(37-43)
2012.4-2013.3 2,550 10.7 13(4-41) 42(39-45)
2013.4-2014.3 2,726 12.0 13(4-43) 44(41-47)
2014.4-2015.3 2,953 13.2 13(4-44) 45(42-48)
2015.4-2016.3 3,102 14.2 12(4-43) 46(43-49)
2016.4-2017.3 3,280 13.9 12(4-38) 42(40-45)
2017.4-2018.3 3,310 15.2 12(4-39) 46(42-50)
2018.4-2019.3 3,346 17.0 13(4-45) 51(47-55)
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Vo N VIEGRREBER R, Ly MEMREE, MECP2 EEAE R O IEHe S

WHoesr s O [ESTR M - PSR e v 2 —
ZEEA LR ER v 2 —/ N R
FHRSL N B ERR v 2 —

WHIE 18 IMRERTE
Wi /8 LRk —

ER
HIESS
= il

Ui 3]

B ABORRELEFREEZH LN L,

AWFZETIE, Ly MEBRE (RTT) & MECP2 EMEEMERE (MECP2ds) DG FHAMIZE,
JVIEERERS R (JSRD) O EA 1T/ o7,
RTT Tld, BET —F _X—2ADBHHEZIT/R2 > 72, MECP2ds TITWriEuEL e L, /NREE
VIRBEEZIT o7, 22 LY . RIT & MECP2ds @ HAREFRE 2 47,

JSRD Tk, WO DLW BT 21T > T2, 2Wid D W ITEEbILT= b FEFI D RN OFE

‘T/j_/\‘\“—‘

A. HFEEM

ABFZETIE, by NMEMEEE (RTT) & MECP2 HASEME
# (MECP2ds) DHFIE, ¥ =2~ — Ui i BRI i
(JSRD) ODEGRMFZFEZEITR 5,

(a) L MEWERE RTT) OBBFHA & MECP2 HE#UE
it (MECP2ds) DOIEFHEZITVY, ZORERNG A
SRIE . BRIR FZHEABA SN L, 2R E A ER T 5,
MECP2ds (238N TIiE, /NI PERE BRI Z1T O,
X5, BHEPEREBLOAR YV RY Y ABM#
L. RTT & MECP2ds D%} LS A#1T D,

(b) ¥ =2 _N—)VIEEREEERE (JSRD: E=—/L - o
— /7 YEfERE. COACH JEMERE, AIBIEMEEZ Zie) @
JRIRB G 1L, TR THREOMEICEE#ET 5017 %
=2 — N L# 100kDa (2 SER57 T, £ OJRKERR
T1E 36 LLEICKR S, BAGTNTOREE S Iz T,
B OFDMED T2 DI BAR T2 WS E DIER 23D 72
W, Fx O ZIE TOWEN G, 2B DT OBEET
ENT 21T 9

B. WFEHE
(a) RTT & MECP2ds DERARAFSE : RIT BET —HF ~—
ABEFEIN TN D BEOBHHRELEITo72, [F—H
FCTORERDOEAL RN AT L, HRE 2 i~
720 MECP2ds OB Wi EEEZ VERK L, /N MERE E B
DBEEREIT I,
(b) JSRD DGR : BRRAIIZ JSRD L 72Wrd DT
StioiLiz b BIERE ORISR 21T > T2, X L IZ,
L=y M= U AT ATV, B REDN
Homo I, ST — 2 _X—205RKMEE
R L, o B X DBGEE 1T - T, Bis T2
MRS T2 HE1X, 2% Y — M@ Z21tT o 72,
B2, Yl OMBEEESOKRESG
T, BEDHDLWVIIREET ~DO 72w & RE L5
TIThbivi,

C. fEHR

(a) ORTT OEFIRIFTE - 70 & 2 O : RTT &
FHT —HR—= 2| TRGFE ST D 150 FlOXERE D
95 BAEZRRIE LT 35 FllcHWT, Bdid s LT
FEREHMROIB M A KIH L=, ZORER. 16 flo
[ %13 CTRENT 21T 72 > TV D,

(OMECP2ds DEGARMZE : Wi He 2 R E L, /NEE M
R ERIR B GRE 1T o 72,

(b) JSRD DERRMFSE : AR TFENT LT= 561D 5 B i
KRMENRE 2 DN B FREIL 4 RIATh o7z, 2
A AERERENEL L, BT TIlE C50RF42,
CEP290 & TUEME7 732> 1=,

D. &%

(a) RTT & MECP2ds D EFIRAFSE:RTT O B SR FH AL,
RRZAT O ECHERER L2 5, F 12, MECP2ds ©
AL, SN E CTHAMICLIEN L, BER
GRS Z LN TE D, MECP2ds DOF5 & #EE D
RABEL, SN DR NI E D R OEE - FE
ZHEWNONLBREBLORZDOFEKICE > T, BRI
R U722 1T U7 H 720,

(b) JSRD DEGRMFSE : BIR T2 AT NAEMENL L,
JRIRE G DR FICEBN L=, JSRD ORI A R
A EBDE T, BRI HI DL L CE 2, L
L. Bar2WixmfE cmE gz 854252 &0
5. M2 NI IR R X BBV ETH D,

E. #&im

(a) RTT & MECP2ds DERKAFSE : RIT BET — X ~—
ZAGE OB A & MECP2ds FRF O FAE 41778
> 72, MECP2ds O/NRIBMERFERIR E 1T/ - 1=, FEIE
HER O PRGNV ETH B,

(b) JSRD DEGHRIFZE: JSRD DBAE -2 Wi & fesr LT-.
L L, EEETEERFEINCH 0 | Mtr 22 lniaix
TRBE IR BNV TH D,
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A. BFREEW

VaN— VEGE L= —L s o — 7 UIEERE,
COACH JEERE, HRIEGFEREZ RIS E LTz Y 2 X—)VIE
BERERHIR BRI DOWT, BV A RTA4 2Bk
Do IO OB, /MK KA & IMER T kR
MEfEfEE . BlEE R E LR RERE BT 5REHT
HHN, TR E L BERREECTH D72 TR L,
ZDOIRFEEE OXENIREL L TWD, Fhx iT2E
PEZITV, BEREZRRERGEZET S22 %

LN LTE e, ZNETONZERED S NEEL

ANJEAFRERL, AN IEA, ANRIRE U oNe Y T =
a U RE. KB REFEOFMELED, Znb4
B DBITRTA T4 2T %,

B. WL &RER
KGR B DRI DS & RN D . BRRE
= b B BN VR 2 L I 2R R D & 5 B
FuEHE . Minds (Medical Information Network
Distribution Service) D~ == T )LIZHt-> TR
A RIA MNEREESEEST-, TD%, SRR
(Grfrgess - O SIBGTR B ' o % —) OFERK L
7= Clinical questions (CQ) Z#i5t L. PubMed 2>5
D 544 FH X L EFEFPRHMEEEND D 125 FeE VAT
S4 T vV b Ea—xRE Lz, FHEFIZLDK
FRIER L REELZ B BIC K DREFEE,. BLUOEES
DERZI AL, 2FEHTA FT74 U E2Ek L, BA
/NIRRT OBEAFKRE 2T, [V 2 _X— L
FEREIR BRBIR T A R T4 > 2018) &5k ST,

C. BH

VAT AT v c LEa—DEWICHRB L 2T
SCIAYEUZ DI B3, FEBIR SR % < | B
FRBREERDERERZZ TEBD CQ ~DXf IS Z1T7e
ST, A% MR LIZBIRTA R4 X B AN
RS L H AR SAA OB PSR 20 2 T R
L7,

(& 3R
Lo/NERS g, RERCS, LREA
& AR, Minds 21 R 74 U MEk~=
27V Ver. 2.0. AWML B AR EEGEFAS
MERERAT. 2016 423 H 15 .

2. REWOR, HEHHE, NERERE, mHER
O, I AEAEEE, Minds 2T A R4 MERk
DFH& 2014 . EFERL. 201543 H 15 H.

D. f&im

U a _R— UEERE B EIR BRIR T A KT A MAERZE
BELEBESOWHIOL L1 TV 2 _— UIEGERER
WEBEBET A RT 42 2018) ZVERL L7T-. il
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E. WF7Es#R

1. FmCHER
1. Shibata A, Kasai M, Hoshino A, Miyagawa T,
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A novel compound heterozygous variant
of ECHS1 identified in a Japanese patient
with Leigh syndrome
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Abstract

Leigh syndrome (LS) is a heterogeneous neurodegenerative disorder caused by mitochondrial dysfunction. Certain LS
cases have mutations in ECHST, which encodes a short-chain enoyl-CoA hydratase involved in the metabolism of fatty
acids and branched-chain amino acids in mitochondria. Using exome sequencing, we diagnosed a Japanese patient
with LS and identified the patient as a compound heterozygote for a novel variant of ECHSI, consisting of

NM_004092.4:c.23T>C (p.Leu8Pro) and NM_004092.4:c.176A>G (p.Asn59Ser).

Leigh syndrome (LS; MIM #256000), the most common
phenotype of pediatric mitochondrial disease, is char-
acterized by symmetrical central nervous system lesions,
especially in the basal ganglia and brainstem, and
increased lactate in the blood and cerebrospinal fluid.
Patients present with progressive neurological symptoms,
including psychomotor developmental delay or regres-
sion, hypotonia, and involuntary movements. LS is
caused by mutations in either mitochondrial or nuclear
genes. To date, more than 75 causative genes have been
reported’.

ECHSI on chromosome 10q26.3 encodes a short-chain
enoyl-coenzyme A hydratase that localizes in the mito-
chondrial matrix and catalyzes the hydration of enoyl-
CoA in many metabolic pathways, including short-chain
fatty acid P-oxidation and branched-chain amino acid
catabolism. Recently, ECHSI has been reported as a novel
causative gene for LS>. To date, a total of 33 mutations
associated with LS have been reported (HGMD
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Professional 2018.3). Dysfunction of ECHS1 protein is
suspected to cause brain pathology through the accu-
mulation of toxic metabolites and the impairment of
energy production.

In this paper, we report a Japanese patient with LS who
is a compound heterozygote for the novel ECHS1 variant:
¢.23T>C (p.Leu8Pro) and c.176A>G (p.Asn59Ser).

The patient is a female with nonconsanguineous Japa-
nese parents. She was born at 40 weeks of gestation by
normal vaginal delivery after an uneventful pregnancy,
and her birth measurements were normal. An auditory
screening test at 1 month revealed severe hearing
impairment. The patient also showed poor response to
visual stimuli. Her early motor development was normal,
and she could control her head at 3 months and roll over
at 6 months. At 10 months, however, she became hypo-
tonic and less responsive to light and sound. She was
referred to pediatric neurologists at the age of 1 year on
account of developmental regression. On physical exam-
ination, she showed muscle hypotonia and involuntary
movements such as dystonia and choreoathetosis, along
with almost complete unresponsiveness to visual and
auditory stimuli. The lactate levels in the patient’s blood
and cerebrospinal fluid were elevated to 53.9 mg/dL
(reference range: 4.0-19.2) and 53.9 mg/dL (reference
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range: 4.0-19.2), respectively. Metabolic screening,
including plasma amino acid analysis, showed no abnor-
mal findings. Brain magnetic resonance imaging showed
bilateral T2 hyperintensity in the caudate nucleus, puta-
men, globus pallidus, and substantia nigra (Fig. la, b).
Ophthalmological examination revealed optic nerve
atrophy. The auditory brainstem response showed bilat-
eral sensorineural deafness. The patient was diagnosed
with LS. Treatments including thiamine and coenzyme
Q10 were administered, but were found to be ineffective.
Subsequently, the patient’s hypotonia and involuntary
movements intensified, and she also developed epilepsy. A
gastrostomy was performed due to dysphagia and gas-
troesophageal reflux. A skeletal muscle biopsy performed
at 2 years showed no pathological findings suggesting
mitochondrial diseases. At 11 years of age, the patient had
severe psychomotor developmental delay, no head control
and no eye contact, and her refractory involuntary
movements persisted. She needed noninvasive positive-
pressure ventilation for central and obstructive apnea.
The clinical information and materials from the patient
were obtained for diagnostic purposes with written
informed consent. All materials and experiments in this
study were approved by the Ethical Committee of the
National Center of Neurology and Psychiatry.

To diagnose this patient at the molecular level, we first
screened for pathogenic variants in mitochondrial DNA
with a MiSeq sequencer (Illumina, USA), but no patho-
genic variant was found. We then conducted exome
sequencing to identify variants in the nuclear genes.
Genomic DNA was extracted from the patient’s blood by
standard methods. The DNA was processed with Sur-
eSelect XT Human All Exon V6 (Agilent Technologies,
Santa Clara, CA, USA). Captured DNA was sequenced
using a HiSeq 4000 (Illumina, San Diego, CA, USA) with
150 bp paired-end reads. The reads were mapped to the
human  reference  genome (GRCh37/hgl9) by
Burrows—Wheeler Aligner (BWA) 0.7.5a-r405. Duplicate
reads were removed with Picard 1.99. Variants were
identified with the Genome Analysis Toolkit (GATK) v3.2
based on the GATK Best Practice Workflow and anno-
tated with ANNOVAR (2017Jul16).

Two variants of ECHSI, namely, NM_004092.4:c.23T>C
(p.Leu8Pro) and NM_004092.4:c.176A>G (p.Asn59Ser),
were identified and confirmed by Sanger sequencing. As
no samples from the patient’s parents were available, we
synthesized ECHSI c¢cDNA from mRNA extracted from
the patient’s muscle biopsy sample and then cloned and
sequenced it. The patient’s haplotype phase was con-
firmed (Fig. 1c).

¢.176A>G (p.Asn59Ser) is a known variant associated
with LS (HGMD, Professional 2018.3). c.23T>C (p.
Leu8Pro) has also been deposited in dbSNP (Build 150) as
number rs775833766, but no association has been
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reported between this variant and LS. Hence, this is the
first report identifying ¢.23T>C (p.Leu8Pro) as a novel
variant associated with LS.

c.23T>C (p.Leu8Pro) was also not described in any
other databases, including the ESP6500, 1000 Genomes,
Exome Aggregation Consortium, Human Genetic Varia-
tion, and ClinVar databases (as of the beginning of May
2018). SIFT and PolyPhen-2 predicted the variant to be
“damaging” with a score of 0.02 and “probably damaging”
with a score of 0.97, respectively. In addition, the mutated
leucine was conserved in mouse, rat, cow, and opossum
(Fig. 1d).

To confirm the pathogenicity of these variants, we
performed SDS-PAGE and immunoblotting with anti-
bodies against ECHS1 (Sigma-Aldrich; SAB2100643)
using the mitochondrial fraction isolated from patient-
derived myoblasts. Anti-SDHA antibodies (Invitrogen;
459200) were used as a loading control for mitochondria.
The ECHS1 protein was undetectable in the patient,
whereas the expression level of SDHA was normal
(Fig. 1e). Next, we measured the enzyme activity of enoyl-
CoA hydratase in the mitochondrial fraction from patient
myoblasts as previously described®. Each sample was
measured in triplicate and normalized to citrate synthase
activity. Enoyl-CoA hydratase activity was markedly
decreased in the patient (to 8% of the level observed in
controls; Fig. 1f).

Here, we report a patient with a compound hetero-
zygous variant of ECHSI. Almost all reported cases of
ECHS1 deficiency show LS, with or without cardiomyo-
pathy”. This patient’s clinical course was also compatible
with typical LS.

This patient had a compound heterozygous variant of
ECHSI, consisting of ¢.23T>C (p.Leu8Pro) and c.176A>G
(p.Asn59Ser). ¢.23T>C (p.Leu8Pro) affected mitochon-
drial transit peptide (amino acids 1-27) in exon 1 and was
therefore predicted to impair protein transport into
mitochondria. c.176A>G (p.Asn59Ser) in exon 2 has been
reported in six cases of ECHSI1 deficiency, all of them
Japanese®™’, which implies that this variant may be
common in the Japanese population. Moreover, the var-
iant was located in the catalytic domain (amino acids
30-289). In fact, our functional analysis revealed that both
the amount of ECHS1 protein and its level of enzymatic
activity were substantially decreased in the mitochondria
of the patient’s myoblasts, supporting the pathogenicity of
these variants. Because ECHS1 protein was undetectable
in mitochondria, we suspected that the patient’s pathology
was a consequence of impaired protein transport and/or
degradation of mutant proteins.

As is often the case with LS and other mitochondrial
diseases, treatment was ineffective, and the patient’s
symptoms were progressive. In ECHS1 deficiency, how-
ever, it is speculated that some dietary treatments, such as

75



Uchino et al. Human Genome Variation (2019)6:19 Page 3 of 4

C ¢.23T>C (p.Leu8Pro) ¢.176A>G (p.Asn59Ser)
CTGC?GTCC CTCA%TGCA
Leu | Pro | Ser Leu | Ser | Ala
\ W “I N f
Patient [\, /1\“ \/\ /\. /' A Yisl Alln
IYVY VYRV VY A -J‘_L_“/_\ UA'RA}
d p.LeugSPro p.AsrﬁQSer
Homo sapiens RVL|L |SCV KAL|N |ALC
Mus musculus RAL|L |PRA KAL|N |ALC
Rattus norvegicus RAL|L |PRA KAL|N |ALC
Canis familiaris PQL|A |GPV KAL|N |ALC
Equus caballus PQP|P |RTE KAL|N |ALC
Bos taurus RAL|L |PRV KAL|N |ALC
Monodelphis domestica STL|L |FRG KAL|N |ALC
e f
*
C P wa 2z 47 I
30 3 T
02 3
ECHS1 |« 2c
25 55 2
s
8¢ 17
>
SDHA | % g o mm
C P

Fig. 1 MRI findings and genetic analysis. a, b T2-weighted brain magnetic resonance imaging at 1 year of age showing bilateral hyperintensity of
the caudate nucleus, putamen, globus pallidus (a) and substantia nigra (b). ¢ A compound heterozygous mutation in £CHST in the patient. cDNA
clones synthesized from the patient's mRNA were sequenced. d The amino acid sequences of ECHS1 protein in various vertebrates. The leucine at
position 8 and the asparagine at position 59 are highly conserved across species. @ Immunoblotting analysis revealed that ECHS1 protein is not
detected in the mitochondrial fraction of the patient’s myoblasts. f Enzyme activity of enoyl-CoA hydratase in the mitochondrial fraction of myoblasts
is markedly decreased in the patient. Activity levels are expressed as ratios with respect to citrate synthase activity. Error bars indicate standard
deviations. *P < 0.01, Student’s t-test. C, control; P, patient
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valine restriction, may decrease the production of toxic
metabolites and mitigate disease”. For diseases that might
be treatable, it is important to diagnose them as early as
possible by genetic screening, including whole exome
sequencing.

HGV database

The relevant data from this Data Report are hosted at the Human Genome
Variation Database at https://doi.org/10.6084/m9.figshare.hgv.2558 and
https://doi.org/10.6084/m9.figshare.hgv.2561.
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