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[Abstract] Objective To explore the diversity of clinical manifestations and gene mutations of
riboflavin-responsive multiple acyl-CoA dehydrogenase deficiency (MADD). Methods and Results The
clinical, blood biochemical, electromyography, muscle biopsy and genetic analysis results of 5 patients with
riboflavin - responsive MADD were collected, to analyze and summarize the clinical characteristics of
riboflavin-responsive MADD. The age of onset of 5 patients was 13-32 years old, with an average of 20.40
years old. The main manifestation was fluctuating or progressive muscle weakness, involving facial, neck,
proximal limb and respiratory muscles and often aggravated after exercise, fatigue, and infection. Serum
creatine kinase (CK) increased slightly to moderately in 5 patients, and blood lactic acid increased
significantly after exercise in 2 patients. The EMG of 4 patients showed myogenic damage, and the EMG of
one patient showed neurogenic damage in the early stage of the disease and mainly myopathic damage in

later stage. Muscle biopsy of 2 patients showed a large amount of lipid droplet deposition in muscle fibers
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positive for oil red O staining. Genetic analysis revealed that 4 patients showed homozygous or compound
heterozygous mutations in the ETFDH gene (1 patient carried homozygous mutations of G250A; 2 patients
carried compound heterozygous mutations of G250A and G524A; 1 patient carried compound heterozygous
mutations of TI1211C and C1454G), The remaining 1 case carried the G1399C heterozygous mutation in
ETFDH gene and the C725T heterozygous mutation in ETFB gene. Conclusions In mainland of China,
riboflavin-responsive MADD mainly presents as a lipid deposition disease involving skeletal muscle, with a
progressive or fluctuating course. It is easily misdiagnosed as several types of muscular dystrophy,
mitochondrial myopathy, glycogen storage disease, myasthenia gravis and peripheral neuropathy. The
mutation ETFDH gene is its main cause. Since riboflavin-responsive MADD has a good prognosis, the
vitamin B, diagnostic treatment should be given when the patients are suspected of riboflavin-responsive

MADD, combined with urine organic acid, blood acylcarnitine, muscle biopsy and genetic analysis to

confirm the diagnosis.
[Key words]

Multiple acyl coenzyme A dehydrogenase deficiency; Riboflavin; Genes; Mutation

This study was supported by the National Natural Science Foundation of China (No. 81271401,

81771359, 81471280).
Conflicts of interest: none declared

22 T S 4 Tl A I 0 B = iE (MADD) J2& —Fh
Yo PR B P st 4% 1k B 0T A I R A5 1k 0, Eh g B R
THBEREM QTR (ETFA) B3 (ETFB) FlH
THBHEZEAN AN (ETFDH) LK %748 i 5| i
oA ZRORL IR BE 5 R B A AL L B b, ETF R 1 3R
ETFDH £ [1 ) 8 B Al {f 2 5 )8 1y 12 B 4 Ak o 2
(49 T A i T 4 T A JDE S A e - A T A B0
ik 7/l e N g 1M ol AN i e a1 o = ' L
TR SEA FRB Y, X f F Y 4 R
th AT ) SO BT A L IR BR 2 I R
11 A0 al 5 — BR FRAE T 7Y 2. MADD 7E I R _E 343k
=AY G3 R AR LI R e AR e R S (T RY)
AU A JC S R i C I RS Fne & RS CI AL )
AR LW R T BRI T AR L, KZ T AR —
Joi) P R R ) I i s R R ARG o AR | R
A (e A R R P #E A AR R R IR S A
HAZSRIRIT R BILBUG AR 5 AL R F 2
2 A F e v B B O v R L 4 K 2 BB
X A% BRAIR T RN BT HOW R O A R R M
MADD. H 1981 4F Carroll 2 /4R 4% 1 5] I % MADD
XA ¥ Z R YT I R R AT DIk, Xk A T P Ak SRk 4
BT R o b 25 R BRIk 98.46% (256/
260) 11 T 784 £ 3 X6 % o IR 7 S 0 DIy 7 ks
WERBEMHE PR KN, HiRKR K2 ZH
PE A 35 B B Pk S AT P U I O WL AT T
AT va kA N T S E el PN T N &
AHE BN, B R O M MADD 32 23R Bk U 3
PR BT PR WL , AR A B0 6 A A I Ak IR,

N 5 e VR PR O K ik R TS 5 B D RO O T
ik Th g A O B P AN IF 5T R B0 3 R A A
N YK 2RO A ETFDH 3L R 2878 | i v [ L
ST FIFAT B K% B K N M MADD B = A 1A
ETFDH 5: A 52 7% , Hovb [ 5§ )y [ 5 A7 78 ETFDH %
PR € 728 P G250A (b Ty JE 35 AR ETFDH 5 [F 98 748
P ATTOC FTA1227C " LTI, ABFIE RN 5
) 4% & 25 I i MADD F& 3 9 I TR 9% ) i 3 [H] 2
O3 T UEAT VEAN 43 Hr , ) I 45 45 A BF 5% FA A %) BB 18 F
R, HF— A T B O 1 I R N I 2 R 1 D
014 g (R 3 X 2 IR

I ok A )

— 2 Wk

MRAE g LA LR 1208 B R AR Y
AHLS BB BTG LA IE O : (1) P 8h Pk sl i A7
WLTE T LA B2 L 38 AN 32, AT AR 52 R A (1 1K
I 5 I A7 229 1 5 & s R 2R, Az gl L 57 B ek
o (2) W0 i 3 sy KT UL SAL | RE I LA BR A2 3R
AP Y I o BHK T L2 4 . (3) L P 4 205 Ao
PR WUEF 4 N AT UL K i BE T DO AR, HLHE bR i T 2k
A UL 1 25 11 1 UL 46 T 35 4k & P LT 4 B D5 T
H o (DB ERIGITIT AR ZE.5) &R o2
ETFDH 5, ETFA/B 3£ [ 28 725 R

R

T4 AR 5 051 55 5 4 S e R 2 B R B — B B
MR 20124E 8 A 201746 H e, H1E1 1L
ZIiRIT HO Wi 6 ™ALL B R 14 ~ 49



2 BAEIE 27.60 % 5 5k 4 ) M L) R AE
W13 ~32 % F120.40 % Hodp 7 R EE3 ) W
I T A B I A e B R U B M s A LG
F1, 5% BUVREALHE DU L (4 61))  XCT B CL i) I i L
(1450 (SIL (3 451 ) | PELOEG AL (2 f51) ) sl Wk e AL (1 451 )
Hovh 4 ) 8 F A7 A BB 5 & U E N R [ E
= A B PR AZ B AR (1 B iz Bl 55T
ZiERGHD I AP B HE LS MERE., A4
R I LR B (CKO) 7K F 5L 5% 5 b B T i (236
~ 1366 U/L) , H- v 2 19z 3 J= 1fn i 5L R K F- 9] @ 7+
75 (10.90 mmol/L #119.06 mmol/L) . HILHL EI: 2, 4 ]
S B0 LR A 1 0 2 B el 8 U 4
R I L L A5 R 5 UL PR A A 2 L
LRLE AT LR LT O Y PR AR T DT R . SR
Iy M, 4 ) I kg ETFDH 3 [H 2l 4 8 &2 4 22 & R
A, 4y B4 A G250A 4l A %€ AE (1 4 L G250A Al
G524A B A 28G5 748 (2 41]) [ T1211C f1 C1454G B &
A G AR (1)), 42 11454 ETFDH 5: 5 G1399C %
AR ETFB 3R CT25T 28 & 2875 55 ) #5417
1) ETFDH % X 58 28 ¥ 467 F FAD 45 04 380 f iz B 45 &
SRR, A R e A R BLIRYT B RO R AT

22 2 75 431

Bl BE,49 5 g . R PENLE )
20 4F 4, FEREE I 1 3 ST, T 2017 4 1 6 H
2. B 2040157 BE CA T TN B 309 A T
3 R B TR i R ™ B A PR R AT, Y
iy B [ % R ERE ILIC 17, 3 DAL BE B (49 B (60 mg
x 3 WK/d) K Bt B2 Pk JE WA (15 mg/d) TR , % 22367 2
JE G B S8R R 5 A B R A, S AR AT A H R AR
W5 TR Z AT 1 AR U o 2l , 2 A
KIEMA RN AAT1E25, B iEd 26 A H
TR BE Y B TE g | b R 20 45 IR I 2R
YEZ W, HARATE . 3 3 AN DOk R 30 14 T8
1, HVF F R EEAK S o Bl E W A A
Py an 28 PR B pe DR 45 LG UL L W R TE ) R RO
Wik B -1 - TR R o ARBEAH EAEALIC 17 T LA
N I 307 6 B (60 mg x 3 ¥k/d) B BR ¥k JE A (15 mg/d)
FBR , Frg Ml 2 2 J1 4%, A i sl v D i I oy K% nH g g
JIREAR T 0 W3, SR HE— 22 b IR YT L B R
B2, B BRI, KA BERR AT, /N E I
WOREILH A, A BEE S IR R, K
HOE AL BE TR B o [ ]IS AR A R AT - ik b 22 4G 2 T

Wi S s DU R o WL T 5 90, A% T XU B i UL
J1 579, VR JILSK T3 T H, LS 46 AN W, D R
S5O0 S 38 5 Bk 55, % BEAE R 51 H 5 O R GG
AR UL S 000w R A I T LR I 720
U/L (25 ~ 200 U/L) ; & 2 24 I % #L B8 1.20 (0.50 ~
2.00 mmol/L) . i 3 5 10.90 mmol/L. WLHL F $2 1 L
PEVEAE o A 0 e SO0 UL PR A 2R A, JILEF 4 N T
UL R AV O(ORO) G €5, BH % s W i DAL (&1 1)
JHE PRGN < >R 4 S8 3 5 i K I 2 ml, b R A O
PR A7 PR T A 2 W) B 22 6 56 T A7 55 AR 5 R
JF (NGS) , 45 F # /8 « ETFDH 3[R 4% X &% 48
¢.1211T > C (p.Met404Thr) 14l X 545 ¢.1454C > G

(p.Thr485Ser) & & Z& & ® & (B 2) . i i
PROVEAN  (http://provean.jcvi.org/  index.php)

PolyPhen - 2 (http: //genetics.bwh.harvard.edu/pph2/) .
SIFT Chttp: //sift.jevi.org/) . MutationTaster (http : //www.
mutationtaster.org/) A M - CAP (http://bejerano.
stanford.edu/MCAP/) 55 = W) {55 B F 8 AF 2E 47 & 11
SERG T, B2 7 DA 578 4 11 B0 AG 4 T 85 S AT
A B 5 H R RV E MADD KA & I R
120 M % MADD. T 44K B, 10 mgx3 K/d [
I, A0 T 1 5 RE IR 22 i, A R S VEL I RE W, E
BRECEERHTTIRE . BEE2ATIEES
LIRGES LA AU 58 ek 82 2 1R # K, i 2
Ik 7395 8l 5 1697 6 A F 5 484 R B BE R 1R
(5mgx3 W/d), HATC BV 14F, 245 KRB k.

B2 TV, 44 %I HEE . FURIESTE DU TE
T3 1248 I AE I R B TC 1A A, T 2017 4F 6
H4HEZ. BEA2005446 H %12 LW BE
DRl o B D A K B TE T, R R, (AR
TFEL S kg, SPBEIZ WO MR M LR AR BEATHE
JUUE FRAN RAE 77, 45 T 8 37 o 28 Je b v 25 0 i 2y
(AR I RATEOIRT  0E R S AR AE A Bk 3% , 7l 4k
2T A 220084 6 H 2 12 A Hk i BlAE = 1 8
P A RAE AR A, WA RSk VA
363 3Kk IRIAE 25 BB SRR LA 7 E AR o 2009 4F T4
Be AT WILIA 20 2005 K, oK ke BRSS9 0k el 2E , LH R4
AN PRPERL R AT IR 4E A R B (AR T A
B AR ARG RS RS AEH TAE . 201042 A
TR, 6 A HAREL T B2 10 kg, 41 BE (2010 4
2 7)) JUUH, P I 452 75 JUL I 4 O A 2 5 VR S B 4
Fo 20134F 6 ISP L B0 A A, LIRS T LIS
FL 2 1.50 mmol/L (0.50 ~ 2.0 mmol/L) , i2 & J5 9.06



a

e

B 1(4l1)

BHAUE HEYE  x200 b JLEFZE P Al LK sk 1 i R
Figure 1 Optical microscope observation of muscle fiber in Case

keratinized muscle fibers could be seen, and the central nucleus were visible. Hyperplasia of connective tissue and inflammatory cells
x 200 Obvious lipid accumulation were seen in the muscle fibers (Panel

infiltration were not obvious (Panel la). HE staining

1b). Oil red O staining x 400
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Figure 2 NGS sequencing results of Case 1
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A heterozygous mutation ¢.1211T > C
Panel 2a). A heterozygous mutation ¢.1454C > G of ETFDH gene was found (arrow indicates, Panel 2b).
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Figure 3 NGS sequencing results of Case 2 A heterozygous mutation ¢.725C > T of ETFB gene was found (arrow indicates, Panel
3a). A heterozygous mutation ¢.1399G > C of ETFDH gene was found (arrow indicates, Panel 3b).
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Table 1. Clinical data for five patients with Il type MADD
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Table 2. Results of laboratory inspection and treatment for 5 patients with I type MADD
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