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Fig. 1
FLAIR MRI (Axial, 1 T; TR 7,500 msec, TE 110 msec) performed 3 months before admission shows hyperintensity in
periventricular and deep white matter (A). FLAIR MRI (Axial, 3 T; TR, 11,000 msec, TE 125 msec) performed on admission,
shows deterioration of leukoencephalopathy with posterior predominance and hyperintensity in the bilateral pyramidal tracts (B).
After 3 months of therapy with folic acid, vitamin B, and B,,, FLAIR MRI showed resolution of the hyperintense lesions (C).

5.6 ng/ml (FEHEAH © 4.0~19.0), ¥¥ I ¥ By, 168 pg/ml (FkiE
fi:180~914) L EEEEACT, %% 1.1 ng/ml (FEHEME:3.0 DL L)
LT LW, 73 /BT, MEERKES AT A ¥
(tHey) 215.0 nmol/m! (Z:#EH : 3.7~13.5 nmol/ml), IfiL%E -k
ET AT v 28.6nmol/ml (FLHEAE : WEIEKELLT), IR+
RET AT v 446.6 umol/ H (FE#EfE - WIEKELLT) &
L5, x4+ = (Met) 7.9 nmol/ml (F:H#eff : 18.9~
40.5 nmol/ml/) LT L CTWw/z. HIMEkFAS 27 vkl 70
TEF =, IR T INANT 75— A, HESIEE
TG RE L h o7z WBIE(2009 4 12 ) O T,
FETEATE) X 8 Hz CHiMMEIBH AR BHFR IS BHDE & A & 8D, ABERE
(20104E 3 A) 1%, 8~11Hz D aJ & A L7z b D DIEHE
BT, TADAWIIAE DR o7 BEERE, fiR(EE
WA IZSH 22 2o 72, 2009 4F 12 HIZHIE THIAT S AL728HF0

Brain MRI.

MRI T, 3#gimi% s £ O FLAIR i ClE, NERBEHEICE
Baia sl (Fig 1A), ABERHIIEESHILRT R £
THAY, &<, MRERABETEZE 72 £z,
ISR 2 b BE R E A L7z (Fig. 1B). [RFAL LR
AR % (DWI) CTZ:1E%, apparent diffusion coeffisient (ADC)
map CHBRESEZE L7 MKy » 5277 71— (SPECT)
T, INJUSKIOEREET 2 A L 072 (Fig. 2).
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Fig. 2 SPECT.
Tc-99m ECD SPECT (A, C; axial view, B, D; sagittal view) performed on admission (A, B) showed diffuse decrease of cerebral
blood flow. After 2 years of therapy with folic acid, cerebral blood flow increased significantly (C, D).
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(p.Ala222Val), c.685A>C (p.lle225Leu) % W3 L b K EFH
GHIZHE LT, B, REE TR AFRT DI
720, ZERFREPHHEEESTORREE 272

Z =

Hey (& Met fAHOH AT & L CTHEKRSND T I/ ik
T, TOMHIIL, WMEEBBER L, HA T VRS D 5
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Fig. 3 Clinical course of the patient.
Hl MMSE score. @ Total homocysteine. The patient was admitted with subacute intellectual deterioration. Treatment
with folic acid, vitamin B,, and B; made significant improvement of her symptoms and reduction in the total
homocysteine level. MMSE: mini mental state examination.
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Fig. 4 An overview of intracellular cobalamin and folate metabolism.
MS, methionine synthase; AdoCbl, adenosylcobalamin; Met Cbl, methylcobalamin; Cbl, cobalamin; OHCbl, hydroxocobalamin;
MTHFR, methylenetetrahydrofolate reductase; 5,10-MTHE 5,10-methylenetetrahydrofolate; 5-MTHE 5-methyltetrahydrofolate;
THE tetrahydrofolate; DHE dihydrofolate; dUMP, deoxyuridine monophosphate; dTMP, deoxythymidine monophosphate; DMG,
dimethylglycine; SAM, S-adenosyl methionine; SAH, S-adenosyl homocysteine; CBS, cystathionine beta-synthase; CoA,
coenzyme A.
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Table 1 Usual findings in remethylation defects.

CBS deficiency = MTHFR deficiency CbIC,D,F CblE,G folate deficiency  cbl deficiency
Homocysteine Tt Tt 1 1 1 1
Methionine t } ~ Normal i i } ~ Normal } ~ Normal
Methylmalonic Acid - - + - - +
Megaloblastic Anemia - - + + + +
Folate Normal ! Normal Normal ! Normal
Chl Normal Normal Normal Normal Normal }

Table 2 Clinical and neuroradiologic findings in the 9 patients with MTHFR deficiency.

Ace Sex Age of Clinical presentation Homocysteine (nmol/ml, <15) before Distribution of MRI finding after
8 onset p — after treatment leukoencephalopathy treatment
Takenaka 1993*" 15Yr M 15Yr  Mental deterioration 20.8 pmol// free Homocystine Posterior NA
2 Y

Gait disturbance

Walk 1994 21Yr  F 12Yr  Cognitive deficit
Ataxia, Seisure
Paraparesis

Hamano 1996 22Yr M 19Yr  Mental deterioration
Ataxia, Seizure
Spastic paraplegia

Tallur 2005" 15Yr  F 13Yr  Cognitive deficit
Seisure
Spastic gait

” 13Yr M 13Yr  Slow development
Learning disability
Spastic quadriparesis

Bishop 2008” 10Yr F 10Yr  Mental status changes
ataxia, dysarthria tremor

Michot 2008 56Yr F 56Yr  Mental deterioration
Gait disturbance

Arai 2011% 20r M 19Yr  Seisure
Polyneuropathy

Present case 2013 35Yr F 35Yr  Mental deterioration
Gait disturbance

— not detected**

17.1 umol/l free Homocystine Posterior NA
— 1 umol// free Homocystine**

188.5 — 45* Posterior Not changed
150% — 100* Posterior Resolved
200* — 110* Posterior Resolved
211 — 100 Posterior NA

170 — < 20 Posterior Resolved
219.7 — 100.8 Posterior Resolved
215—91.2 Posterior Resolved

Review of published cases and our case. NA, not available. *, calculated by figure. **, normal range < 5 pmol/l.

Z D% HE common mutation TH V), HARADT 7 L VA 0.38
T, FAERNCK LAER TSR A RERAHICET 5 1EH
OWFFHMEIZR 30%, ~NF OHESTETIZ66% 2K T35 Y.
MTHFR RAEE X G S EdaniEx L v, 50 DL
DBIZTERPRE SN T WS, FER PR B O ERERE X
R RIRORIE EAHHB L, BERGEMESIEH O 10% LT O E
B MTHFR KABIE (L4 T RAICHE L, WAARRE, M,
R B2 R, BICEALL TS 5. W ESEERNIL,
FEIEERIE, AT E 2 COMEBSEREZ 2T 5. —F, 10
e LI D E T, BEEETEIIEHE 0 10~20% T, EH)kEE
L, CTAD»A, B, WERREEAREDDL. £L<
EELAD B SIS L, S IE B O i 13 A 2 s VYO
MTHFR ZKIESEZ BT 2 WG RIS SIEFRRIC L > T2 & 2
D, FLIBHASSEGICIE, BN, NEEE, JKEEAE, KN

ORI % 2 L CUERIN EE D BEBEERZE % A
Lo W wFR L EEICIE, ERE Y Y 3B, B
REL b BEVnHNDE YT

BT 2R HO BT 12 oWT, ERPLL Y I~
B, DRHEEBRT S, S-7F/ VIV AFF = (SAM) @
MEAHRFEE TS PO SAMIZIRE, ¥ v /37 H,
DNA 7 E DA, RBHCBIF 5 A F VEMRAETH Y,
ST VDOERSTHDLERAT 7 FINT) v EERTAHE
WCHVEFS 2 72 Surtees 5 1%, MTHFR KiBfE% 5 < &
A FIOALEEE 3 FIZ BT, BT O SAM & T 23
JEHNTH Y, HEEICHINL 72 SAM A%, Ba¥E IR -
LTWwa, E#HELTWS 2. B#lE0S b, FLIEHSRE
5 % v 72 MTHFR KIBSE CHEIRZ DRI H 5 b D8
B, BEBIE 58 9 BIEB CHERZ B HEMNICA L ®
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7z WS 0 1% B 8 BITIRIAMIC THERIZEE L
tHey, SEL AF VKT L7z (Table2). F72, 8BIDH b,
HEZOEGEI RORERO D 5 5 I THEREDOLHED AL
0, BTG WL T 5B L2 b 092

SNP 7°— % ~X— A, dbSNP (http://www.nchi.nlm.nih.gov/SNF/)
%> Ensembl (http://www.ensembl.org/) 12 & % &, c.685A>G
(plle225Val) D5 1EdH B A%, AKBITH & 72 c.685A>C
(plle225Leu) OHEH X\, F/2, I—m v S NIZBIT S
G7 LIVEIE0.001 T, HRATIZ178 T LIV TXTATH >
72, COWMIIMOMEE DT T4 AL M B ) RESNTE
59, 3kgehEEL, B LYyl T 5= HH
L, AvaAf s r@Zuf sy AL T, WmEOZElD
MWEDKRY) 2 — A DAL DT OREEZALIZ D v e 7
WENnD, c677C>T L[EAKE c.685A>C 2BV T HEEED
BREHRT 2 B RESH D, NS ZOPHFE L
R, BEREMES WS LS L MR L MTHFR RIEIE % 5
JELzEEZ b

Posterior reversible encephalopathy syndrome (PRES) % %
HEMNOHERE*ZETLHREBLE L THLNT WD,
PRES T, FREMLINICEBIERDSEAL L, B, #
HUNIZERS 22 0%, RNEEBLUOEETHE%:
HUMCHZEZ AL 2 & ENTWD 2 RENIHE &%k
FSAE L, BITEE CIRERDS S 5 3 x5 IC T
MNAHROLNTZ L, R EFE D S EBHEHLTH -
o2k, S50, EREERTO 2009 4 12 H DK T TIC
HEREEZ AL DT W2 & &6, PRES & IXERIEA
Zr7% b 7P, PRESVY, BLEMEHEE® owvgnd
MRI C DWI %57, ADCmap S5 2 2L )52 &hb, &
NODEG/Y = TRHIT 52 LIIRHEETH 5.

MTHFR ZKIEfEITE 8 I U HGICTERDPBIMIZEET 5
THEMED D % 720, BITEMOHBERE ® AiziEd v, RiE
BAEEZEL, B, HRIZOBRIT TV ZENTEETH .

RESLOZ T, 45127 [l H AR S 200 - LR & (PR
2246 H 26 H, %) CHiE L7

& MTHFR B 3215 % 152\ 7272\ 72, University children’s
Hospital Ziirich Prof. Dr. med. Matthias Baumgartner, Prof. Brain
Fowler |27z L 9.
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Posterior-predominant leukoencephalopathy which was caused by methylenetetrahydrofolate
reductase deficiency and successfully treated with folic acid

Asako Tamura, M.D.”, Ryogen Sasaki, M.D., Ph.D.”, Ken Kagawa, M.D.?,
Kaname Nakatani, M.D., Ph.D.?, Hitoshi Osaka, M.D., Ph.D.? and Hidekazu Tomimoto, M.D., Ph.D."”

UDepartment of Neurology, Mie University Graduate School of Medicine
“Department of Molecular and Laboratory Medicine, Mie University Graduate School of Medicine
¥Division of Neurology, Kanagawa Children’s Medical Center

A 35-year-old woman was admitted with subacute intellectual deterioration. Laboratory studies showed elevated
total homocysteine and decreased folic acid. MRI revealed leukoencephalopathy with a posterior predominance, and
hyperintensity in the pyramidal tracts on T,-weighted and FLAIR images. The enzyme assay showed a deficiency of
methylenetetrahydrofolate reductase (MTHFR) activity with low residual activity of 4.2% of the mean control value in
cultured fibroblasts. Sequence analysis of the MTHFR gene demonstrated two homozygous missense mutations,
c.677C>T (p.Ala222Val) and c.685A>C (p.lle225Leu). c.677C>T (p.Ala222Val) is known as a common polymorphism
and c.685A>C (p.lle225Leu) is considered to be a novel polymorphism. A diagnosis of MTHFR deficiency was made.
Treatment with folic acid, vitamin B,, and B, made significant improvement of intellectual deterioration and reduction in
the total homocysteine level. They also made marked resolution of leukoencephalopathy. Posterior-predominant
leukoencephalopathy was found to be an excellent marker of MTHFR deficiency, and may help to establish the diagnosis.

(Clin Neurol 2014;54:200-206)

Key words: methylenetetrahydrofolate reductase deficiency, homocysteine, folic acid, leukoencephalopathy,

SNP (single nucleotide polymorphism)




