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Acute Leukoencephalopathy Associated with Remethylation Disorder Improved by Oral Betaine Therapy:
A Case Report

Shino SHIMADA, Makoto FUNATSUKA, Rumi NAKAJIN, Yoshiko HIRANO,
Susumu ITO, Keisuke YOSHII, Keiko ISHIGAKI and Makiko OSAWA

Department of Pediatrics, Tokyo Women’s Medical University School of Medicine

We report herein a case of a 9-year-old boy with rapid neurological deterioration associated with defective

remethylation of homocysteine to methionine. Psychomotor development was delayed during early infancy. At

the age of 9 years, his mental status and motor function dramatically deteriorated due to leukoencephalopathy.

Hyperhomocysteinemia, hypomethioninemia, and absence of megaloblast anemia without methylmalonic

acid in the blood or urine were consistent with remethylation disorder, which is a rare inherited deficiency of en-

zymes involved in remethylation of homocysteine to methionine. After diagnosis, he received emergency treat-

ment with parenteral administration of hydroxocobalamin and folate supplements combined with oral betaine.

This treatment corrected his biochemical abnormalities and led to a comparatively good outcome with develop-

mental recovery, although he had irreversible neuromotor impairment. In general, patients with this type of ho-

mocysteine metabolic disease present acutely or chronically with significant neurologic, hematologic, vascular,

and other symptoms; thus, all patients suspected to have this disorder should receive urgent treatment. Early di-

agnosis and treatment may lead to a better neurological prognosis.
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AFF=v, FEVATFA VI DNA X FIVLiC
BOWTEELRE X 2V, A FVEEBRISOH L
WMkE 2. MIEBETORBELRAELLEL
ToHEERTHY, AFIE (CH3) #4rL72DNA
AFMALIC X Y BEFRARGZI7H. Th@w I
AFIVALEBEEO R IZ LIT U IXEE 2R R
Bl &Y.

AAR S DFREINTIEE { DA F IV EREER FUL A3 B
ELTWwWaA, ZOEFEAEVEREYATA VDR
ERME Cd 5 S-adenosylmethionine (SAM) % X F
WEMGARELTBY, SFEYATA RO
BAF VLIS EET 5. BT X /7 BRAEHITS
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Ny A4 YEFRECL ) HRBEROKELZ RO 1
BlzoE|mET 5.
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ARHE B o 7.

FEE, EHAAA, BMEIH A, OFFVIUADL
122 R, Bok2®f, BERAKROET, WiEl
RARE, HEEOREARTHY, BELI®E AR
MY RO LNV, 4R TEMEEREE 3 E, 6%
L0 TA»A (BHISRE) 2REL.

IR - FLRHI & 0 KB B SH Y, H
WHNZT D ATEIR Z Mo BT SRD b h
72, 6 & D 3 BT EOBE CHEERSRBIED
WL 76 » AE L D BEMERSFBEL A 1 [
EHESHEIML72720, THI» ALY <
Y URBRL7-PBIEREIIHREL L, 8RI N
V7afRF MUy AHBIMERIz. 6~8 RIT»TT
LR L7228, A COBITIIRD R do 72,

ik 2 » AEH X D EERRIEINELL, HHIE
BREo &Y, BCRSIRMIEML. £
NLEHIFEBR A BT TH ), BRI LN
BNz & pEREOROENSTETH - 7205, FEE
MIyESTamEEs 20, BERYERIZEEA
Ll2ORWREE oo 72, 8% 4 » ARRICIE, EHEHER
DONERITSEENE 25, MALIIATEETH
DEWVWTRBEI LT #2» AOKBATEH LR
TR LEHHOBED A0k, BENKE
B THREZXFERRARENEREINABE & %25
7z

ABREFIRAE : & 122cm (—1.0SD), AE 24.1kg
(—06SD), BHPH518cm (—047SD), Mg PH 63.8cm
(+027SD) T, /N4 Zvid, i 366C, L%k 82
|l/55, WU %% 20 |l/4, MF 90/68mmHg T&H -
7o, FFFRTE, OMEERL, FEELZL, B
WERZL, BFHELL, REGEEL, BBEL
REREHRTHEIKREY, FLATEHIZ, AR
L. BAER  BRIEAVEBHRET A, £AT
ARERE B R 2 5800, 1 EPEARBRES) I v, (R
&% L, SR E Lailifee, BRSO Xk
BIFCREAELZ L, WERSIEE, HIZIEPMLTE
fadd HHMRAL e U, SRAEsRE 4 L. &R - A4
TIEHYE, RBEFE2L. ERTIRAY — 785
Wt KR IEMEES D, BEPEIRT LESE
XY EMEAHIL D, TR TRIEESOM S 3%, B
BIEN & B BT O BB IR T LM & BIHE % 320
5. REENCIHED ) RIEL. REESE BT
ERZERTUE, THRTCIBRERRE LT XL A
RENIAABEMICTOHE, /N Y ¥ A F — ST i B k.
JRER  THRODERIZH 205, A EE.

ABRBFREMR © AL FRE © 73V BRO0
T, Homocystine 5.2nmol/ml (ND), Methionine
85nmol/ml (IF % f# 18~40), Cystine 5.4nmol/ml
(13~28), Serine 200.5nmol/ml (72~164) &, &7k
EVRAF VMGE, EXAFAZVIERZRL, X FIV
<0 BRI e o s ALERERRTD
BHREVATA YMEVHER S N7z, Bk, Y53
v BI2 RZiE 7% EARGFHREEMIIRD 25 o7z,
BER, BMBEROREIILL, E-BESIEHERA
WEEIE, 7 b RREREE, 2328 BEIRE
BT&H o7z (Tablel).

RIEA : JRAP A ISHERETRE R L. RPAER
BN CRFE VAT Y IRIEZRBD. A F v
YERIIMH S o 7.

y YT A AGH (AR : 7B, TIYNVA
V=F v, Ay b F 7 ERE

RS - M08/ /ul, & H 17mg/dl, ¥ 67
mg/dl, €V ¥ VB 086mg/dl, $LEE 17.2mg/dl, HVA
420ng/ml, 5-HIAA 146ng/ml, NSE 80ng/ml,
MBP<40pg/ml, W% IgG 0.1, 5 IgM 01, &) =
Jua—F Ny Ptk

B (Fig. 1) : HEROZERER IZE- &
9, BEEZEELICH 5Hz T low voltage 2 ¥ — ¥ —
BEELTRICRDONEDATH o 72, EREHZ
stage II ¥ CEIZWEE T, hump (332 % »% spindle
BRO R o7z HRHMRABERICERED I+
U—xX A&, EF, filE, RICHEBREZEZALIA
70— X ZANEHEBB L. 3470 —-X AT~
L TEMMEDOFTIRRMIRIE & D 7.

SHEB MRI : KBz E 2k & /N IZ M & 3R 72
EERMED B L RO, BERBEERE-LTWw
7z, TR = OYLR 2 7R, BERIE/N S .

HRESAEERE © VEPEROERIE 2 L, MR
FIBCCHEm, LB, ARCI A7 o—-X 22807
SSEP ZEfl# D 5 23 iE 13 %2 2K { giant SEP &2
DR BIREM D O LB ELIE TEHROER %
R7z.

ABR90AB #| # A B 13 -V 3% 4.89sec (+4.0
SD), Mk I-V 3% 5.09sec (+5.2SD) C IIT kLA
WBROIERZ RO 72.

SCV Wrist 42.6m/s (43.71+3.37), Ulnar 44.8m/s
(4392=391), Sural IZ i TEE H

MCV Peroneal 44.6m/s (—147SD) (49.6+34),
Tibial 47.3m/s (- 0.36SD) (482+2.76), Median 486
m/s (-23SD) (572+3.71), Ulnar 456m/s (-22
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Table 1 Laboratory findings

309

[Blood chemistry]

[Peripheral blood]

[Coagulation test]

TP 69 g/dl T-chol 165 mg/dl WBC 9.48 x 103 /ul PT 12.3 sec
Alb 42 g/dl TG 91 mg/dl Neutro 67.0 % APTT 428 sec
AST 19 U/L Free fatty acid 0.69 mg/dl Lymph 265 % FDP 25 pg/dl
ALT 26 U/L Pyruvic acid 053 mg/dl Mono 65 % HPT 942 %
LD 206 U/L Lactic acid 104 mg/dl RBC 442x105 /pl ATIO 106 %
CK 107 U/L Ketone body 26.0 pmol/L Hb 12,6 g/dl Fib 343 mg/dl
BUN 9.0 mg/dl Acetoacetic acid 11.0 pmol/L Ht 374 % D-dimer 1.08 pg/ml
Cre 0.36 mg/dl 3-OHBA 15.0 pmol/L MCV 84.6 1l Activated protein C 103 %
UA 36 mg/dl Homocysteine 163.9 nmol/ml MCH 285 pg Activated protein S 112 %
NH3 26 png/dl Folic acid 19.6 ng/ml MCHC 33.7 g/dl
BS 91 mg/dl Vitamin B12 220 pg/ml Plt 32.3x10% /pl
Na 138 mEq/L  TSH 4.25 pU/ml
K 42 mEq/L  fT3 345 pg/ml [Blood gases]
Cl 105 mEq/L T4 1.38 pg/dl Ph 7.391
Ca 9.1 mg/dl C24:0/C22:0 0.537 pCO:2 344 mmHg
P 48 mg/dl C25:0/C22:0 0.017 pO2 334 mmHg
Mg 1.7 mEq/L  C26:0/C22:0 0.006 HCOs~ 21.0 mmol/L
Cu 162 pg/dl Ca%* 1.12 mmol/L

Lac 1.0 mmol/L

af7 5/2 (vitamin B12.i:m: 3times 11/18
{ beforetherapy begins) Folate 20 days, betain 8days) {7monthsof starting treatment)
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Fig. 1 Electroencephalogram findings

SD) (583+5.76) MCV TREDZEEEDET H
V. BIEGHE L Wrist 22.6mA, Elbow 32mA & &1{E
WBLETH 7.

IRALA - - cherry-red spot 7 L, #HLAREEHE 72
L, WEERENELL, HRNERL

ABRBESR : mF 7 3/ BEHHIZ T Homocys
tine 52nmol/ml (IE%1# : ND) & &h, ROKF
WEMETIIRREYAF VIREZRLE., REY
AF VEHREVATA Y ORBBEHEO TIICALES
72, MARESATL ViEEZHELEFEY
AT A VIMEDSHERINTZ. BHREY X T4 VIUE,
B FA = VIEZRL, B8 EMEENERTITZR
LTCWBEEREADP D REV AT A VERATF VLR

ELBML.

FEVATA VEAFMEBEEDBBRIIFEY X
TAVEEAF A= VEZERILT S22 ETHY,
Manuel Schiff” » D FgEIZHE LTI o 72,

ERELT, ¥TY% 3V BIR2HAES Img/H
(ZVAIV®)1 E/BDOKS & ¥EEE S5mg/H (7 4+ )
7 I VOG- ZBRG L. BEBEGE 2 A ORI
T, Homocysteine 163.9—107.1nmol/ml], Methio-
nine 85—10.6nmol/ml & W9 o F i 7] 2 /R
b, BRRRE THEMHOHF T TR, BMEL
D REREREOHBIIARTH /2. TDOWF
HHEMGE2HABE LY UREOMAZBETEARER
¥, R"¥ 4 v 36g/H (=150mg/kg) TS5 % Bk
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Fig. 2 Clinical course of the patient
The Y-axis indicates plasma total homocysteine (tHcy) (@) and plasma methionine (meth)

(@)

L7z, R¥ A4 UBR#, BHETOBBENMETR
HTHY, RIIRBEMCLERBERLIRD 5N,
EHRBAGR 7 » AROMERAETIE, HEERIC 8Hz
o EASEMRE B B EBEW R ROz (Fig. 1). Xy A~
GG, Homocysteine i 1E 163.9—107.1—68.7
nmol/ml L EL (Fig.2), HMEITFEIERN & ITIT
FLVEchEL2 Rk, B, EaEETo
BEIFRE L TWAE72D, SRTYNE Y FREL )
#hTHh 5 (Fig. 2). HEHAMBHERN 1 E/RRL, X
ZHATIZ 10m Bk, 721 ATORVE & S FUkTT
BEL ol THOHRRIIMKARE S, BEEHOR
PERIBR IR T 575, & <O TORMARFED T HE &
), RBIBEIEICK T AEADORISD RO LG
Ko
£ ¥

AR L D B ER R EER LR, 65K XD
EBEETA»AZFRE L BRERNZ RO TR
A, SHMOFEHMIVIF s u—X AL BHRRIEE
P BB BITORBE R L7z, BRREE CRIE%
B PR ELRL, BREYATA VIMIEL
BAFF = VMEZED) 2 &hb, FEVATA Y
HAFVLEE L SR L. SEFTRPE G R
XY, FREIAITHACHRE TIRSERE, SRR,
WhE, NRZEDS, SRR CII R ER S R

X D EREERCEEORMHREIRE S .

ERRETIIERRBREER I/NT I VHAHR
EhEbN, MEFITIEAF Vv a YBRPER
FEUAMZ DD R0, EBRREEFEETHS
MTHFR (methylenetetrahydrofolate reductase) K
BENE—ICEEbN. T, RERTIRERFER
BEMIZEL T2 EIIEERL 2w, VitBl2
(cobalamin, Cbl) fX # £ % i T & % methionine
synthase reductase (Cb1E) /R$85E, methionine syn-
thase (Cb1G) K$B4E, CbID-variant-1 RIE%E b #5
WIS N/ (Table 2).

REVATA VEAFVLEEC X 5 EBRKEGE,
BIEFERMP BT O K BREERBOHEERIZE 5T
EhbbEa3N, BEBFIZE2O0X =X L5 H
BLTwa., —DEARERGZAT I VEHIC Lo
T SAM EBAMET L, ZOREAF VALRISHR
M3 52 & CHRERRAMEEERL LY, BB
FIERIEINLIBETHA. ) —HEIEHREV R
74 VIE & 5 M8 TH 5. BREEALR Mk
ZRIEREIIRAEBRFE L LT, BELREIATA
YASMEN MY BE LRETLEREBEREZ T2
&R, brvREV Y Y, Tus4 v C, SarA
v S ROPUERENGEIME T $5 2 &, M/MRASTENE
AL LMARTEEAHEZ ) R WIRRBE 2 5 T L e &8
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Table 2 Differential diagnosis of hyperhomocysteinemia

Classical

homocystinuria folate metablism abnormalities

Cobalamine metablism abnormalities

Cysthathionine 5,10-methylene tetrahydrofolate

Deficiency enzyme B.synthase CbIC, CbID, CbIF  CbIE, CbhiG CbID-variantl reductase (MTHER)
Plasma tHCy tt t t t
Plasma meth tt -1 -1 -
Plasma folate | t 1
Megaloblastic anemia - + + _
Methylmalonic aciduria - + - _

tHCy, total homocysteine; meth, methionine; CblE, methionine synthase reductase; CblG, methionine synthase

THF ttetrahydrofolicacid) K

Methionine }

] -, SAM
Methiomine CH3
5,10-methyleneTHF ||| methylcobalamin thase :
’ i | VitaminBl12: coenzyme W;MS‘,) BHMT {Methylation reaction }
SAHyc
5-CH3-THF Homocystein
{5-methyltetrabydrofolate)
| cBs
Cystathionine
J [em]
Cystein

/

Fig. 3 Diagram of homocysteine metabolism and the enzymes and vitamins involved

BRI N TWw5Y.

REVATA VEAFMEBEOEREEZEZ, B
AF VALBEE % [A8$ 5 - DM AL F R85 A —
RIEELL, MR EEHERTLIZILETHA. X
FAZVERRBEEZRIEL, HROIIKEYATA
YEERBL, A TFA =V EEHER T L PAEER
T—=NTHEBY. LhL, FEVATA Vi EE
WCIEFEALT 5 2 L IZHEERGENS L, BEZEOM
WAREY AT A ViBEIX10.7amol/ml £l TH 5
%3, Cystathionine B-synthase (CBS) KIESED 5
FEBRD 1%, MARFEDFHICIIHREY AT A VillH
RE % HEMES0O~70uM REICT 2 O8N G 7
T—WEZEZONTWEY, BAFWVLEETEE
LHREEZ 2619 2EBTHY, MEEPOF
EBYVRATA VIRENEMLGE, MREN TR
LITLIEARR E 257, BREIZW, REIERICL VR

FREIRZRTEID DDA, BERABIENZSE
IZiE, WRAOMELTE LD BRI H 5 25F DRI E
FRON, SHHEEIATHEMEICRZD S B,
BREVATA VIIEDHEN & LT, &b LM
BTV 5 DIE CBS RIEAE KN CTHET 5 T
BREVATA VRETHAH. TORBIZ, BAF
F=VIEERL, FIERYARAZ ) —= V7T
AFFZVOERZHEL TS 20, FHER,
BEDSTRERERTH S, Lo L, REFIDOLI %
FEVATA VEXFIULREER, BREVATA
VMPEE KA FF = VMEERL, FERTARY
V==V I TOBMPATREERTH . £/,
MR L7 X ) ITEBRBEOFRICET LI & & L
TeF—=%13%L, ERTARZ ) -V TR
W LZENBEO—DOTH 5.

4E, EHEL L THERLAENRSY A (trimethyl-
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glycine : TMG)1E 2 U o EKE S, FEVAT
AVHAFFZVICEHAF VLT HBICHET 5
BHMT (betain-homocystein methyltransferase) &
W BEORETHS (Fig.3). MTHFR DR
WHEEEOBRZICHEL T, NFL UVHTICE-T
FEVATA VOERPBL L, A F4+ =Dl
BESERL, PHEMBETHHTESLAF =D
BN 5%, K% £ ~ (betain anhydrous) %
EROBIETIX, BRUFEVATA VIRERZIC
WL CORBRTOMAFKBIN TN, RIEHF
DOEFEICH L I LD mHEER S TERBALZIT T
ER L. R"¥ A4 V3% o44RA, Bl ITHER
¥ ahEOEYRRFICEHRILZRIIEGE S, —
R RSB & U TRbh b 7: DB AEA DS
TEETHAH. HEATREEMRE LTHEINRTES
¥, PR 24 4£ 3 A 19 B2 CBS &KiH, MTHFR K1
RaNT I VHERERABEREZEOERBAICN T 51E
BELLT, APRBHEEREEMBCEESL
7z, ang I URBEREICEe Faysyans Iy
DOREDERT, PP IELENEEHPSE LR
WIER D AT 5 L ENDAS, REFITIELY I ¥
B12 RR#EREE L ) b RY A4 U RIAROEER R
IDBRHTHo7:. EBRABEFTERINT I VA
HEEEZENEBELLTCEELTEY, BLEE
FOERBBRRLEMAFHEEZREL, ZHEED

TV BERDS.

BA/R 9N & R ORBIZ 2.
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