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MRI F T, B G TEES T, SHHKi en-
hance & #1 % HHEEPIH, R6AER S, ABEDRH
ELRHEHCRIaEESN S 5.
BWELEELR LR, BERERDI: SHBIE
B3 Bz 100~200mg ¥4 7 2 v
PRETLIETHS. LRI 50~200 mg 42
OF 7RG CHERET 5, KR TREGER
Wi BEEMNH 5, BMERTIRPHREEROIE
RBHR L T oREREANZED NS ETIRE
#1BLETHD, 2OHWIEKKESY 2 B 2
2IFESEET S, Lrl, FE0f
i3 RASHES - s - FEE e =3 ¥ % Korsa-
koff IEMRERICRAT I D L wbil 3,

% 31 BRZE®

v % 3 v Bs(pyridoxine, pyridoxal, pyrido-
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xamine) i3 7 %/ BEREOREEFR £ LT GABA,
o b=y, PN VR OMBREENHOERK,
SRCEEL TS, ERIEERZTEL, &
HARM OEIFRA MR ORMHERT 2T, B
DRZREX F 728, pyridoxine HERH{EHEIETH
2 i &5 1% ZE @ isoniazid (INH) % penicillamine
FHBRL THEBECRIECRIGENH DD
T, INODEREERSTHERESY & B,
(50~100 mg/day) 2HtH T 5.

4 I2B,REES®

¥4 % ¥ B,(cobalamin) i¥, # 3 R-protein
BRI T rapid DEFR IZHESL, ROTHE
MR T oL SNTHETEET 2 2 BRI
HETHL, B THLEEh, BETHRER
FHEENMLTERRERE, BEroTINSHI
cobalamin i transcobalamin-IIiZ#E& L THixS
% #5. cobalamin it methylcobalamin & adeno-
sylcobalamin 1= Z#2 & 1, Fi3% X homocystein
7 & methionine ~NOEHRICE T FEERETHD,
ZOBEETERNRBHEENLEL, #®EFIX methyl-
malonyl CoA mutase DHiIEEHR T, < OREHE TH
EREEANEORR 2 &7,

By 2y B RZIBRNRECHSE, ITEID
- OHEBBERERETRSBL I ENE W, B
WEIE s LT, BEMEARETRIRCETLT
LIELEBET £88ERExRT. Y3 By
REZFED 0% D BEBHRIERERT. —7,
BRREZRTHO 0% LHBIMETRI W, FE
EE T 80% LI EIX 50 IR ETH B HETRIE,
FE i THRZBWEY Y L LgTRIaND
I3 LUhE, Bk, olEEE, thiilEs,
HHET, BixtEmE BFE BHEREES
HIRT 5, MEENFTRCEFENTEORER
RiEizhnz, 13k A LOFITTR M EEERIL
iz %779 . Romberg BUELIRIET, EHIKHA,
BITREEL &7, BERRFETELTY ¥V
2R EHI{ET 5% L, Babinski #REHSB1E & 2
3 EN%y, BT TRBREREFTHEET



%. 25% T Lhermitte f{R03A 55, PIXHEE
ERELT, B, EHYAE, K> oK
BEREdH5, BEHEMNTCIERNERCEHES
ST 2O TENHRRENLETH S,

RZFEED 0% BETKICHEI AERFOX
Rick b, £L0EGE, EEEMEED. ZOFE
BIECSREEEDO—DT, 90% - BEEMigHT
o, W% CARTHEIRBDENE, ZDIE
o, BYikte, DEBUIRRE, BRIV —, ik
FEOZEFEMT %, colchicine DL T b TRINAL
BB, FEDOEMEEAL T cobalamin-R-
protein EEDOHILT2BE I, NEF~AD
HEVIEE S L TRICRE22 2 5. blind-loop
EFETRAEORE ML LRHAEERTLR
IR b, 7z, £RMD R-protein K2
i, transcobalamin-IIRZIEIRESZ N TS,
RETRFHNR BRIEGHNTRECETRE2R
B, IhEHESEESEEEEMEE L ES,

2Miime 200 mg/mI LTt k-T2 oh
20, EFETRTHIHBFRICT 2E801H 5.
#FiEo MRI cHREIMNE, #FEC T.EFBEHRTEH
55 enY, BHEBIERMIEAL TRROELERE
=N, KRR CERE CTRENE, HEEOFRR
WRENWNITZBW OB & 508, I(RCMIGT
ZIENEo L LRORTHA25508H 3.

BREREYIO2BEBEY &~ B, 1mg &
#HIH{TV, Z0%, B 1EOHEZ#HET 5.
W 2 AeamosksEss, 2 EMUNCRIEES
DREMH SN D,

E5 i RZES®

Fig. 2. Alpha-tocopherol $zf8 % >/ 7 BT T
RECIZARME Y & v ERZHBHHEIERE
BIOENEER (LB ), HRFEOZEW LD 2 (RED),

HREHMAREZE, BHYIRR, NGUIERL ¥R
BEhd 2 HCEL VRY 27 HIFES alpha-
tocopherol B ¥ v N 72 DBRIEFRETIC LD 5
ARSI VERZERZAFIREEINT
2T

HRER B ENE (Fig. 2y od@gikH#c, BR
SHET, EERRGLET, HTRLES DX 25D 5,
EREOEITIE, WHEAFENE, OFFE R
2RO LHMH S, BBMFLYY 2 EMOH]
ETRENDY, REBEETRO 1/5LUTIR
o T I EFRGET 5 &, R RBEL S,

BHREBINA2OEGIIESY £ YEDOHE
(100 mg), & XEOHTRFDOARERS (800 mg)
THIHERORE DN, ETOREILEBEGFTE
5,

E5IERZE®

EYIARZE®

EHRE Y & > E, alpha-tocopherol 1285
v 3T, HRECEE L TRREOREL 2
HTBFGOANAIR ¥ —D—DTH5, 22
BhoBRaEh, #4070z Ao THEC
IEiE L, FF3E T alpha-tocopherol 5§64 > /3>
&9 VLDL ik s hiilhiREasigR s h 2. 12
HOXRZIC L > THEREEZE L, FRO%
IR T, 1M, IBERAZEE, R

By 3y ARBEGBHTED retinol 2 2T, #HE
T® rhodopsin DHBECHETH S Z Li2iiz,
7o X iz retinoic acid B 2AEGEZN L TLEE
Rk &R, MMEAREEETFORRCHES L
Twb, B9 1Y ARZORRSEREX, BE
R 5 BT REEFEOEE T 3~20 FTELL/
day 20T 180, BIERIIRAZZEHET 2.
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B ABEO - 0ERTE Minimum Essential

_R3T75@

—aF VB, —aFUT IFORBRHTHDFA
TYyORZTET D, 4 7 ¥ iX pyridoxine
WX D tryptophan 5 EKEH, S ra v FY
7 OBMEETTRIG® DNA 88EE cEE5 1 5,
THa—NEER, RR, €% 32 B/REIFERED

FREZ 5, ERIBER (dementia), T#i(diar-

rhea), B4 (dermatitis) ¢ 3D LT 2. B
FREERIZBISRLASMITITM, YA, IS oS

BTH D, BERE BXR B O R4 (hyper-

keratinosis), AR, HLLE LNH 5. HEER
EUTREHRRRES, KEFE N—F YV E
RH3H 5, BHTIIMP = o F CEEDET S,
EETRTHEECTIRIGT AL TERTE 2
ZEMHD,

HERE=aF 7 & F(300~1,000 mg/day) %
SHEERSHAT 2 2 TEOKRES T 5. @ER,
HALSRER IS A THET 248, FMHRERIT
HEDVEELZV, HREMENS LB S
LELH B,
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Vitamins (Japan), 78 (2), 87-92 (2004)

Pathophysiology and Therapy for Familial Idiopathic Vitamin E Deficiency

Takanori YOKOTA

Department of Neurology, Tokyo Medical and Dental University

I found the new disease ‘familial ataxia with idiopathic vitamin E deficiency (AVED)’ without fat
malabsorption. I identified the causative gene: a-tocopherol transfer protein (0TTP). By impairing
oTTP function in the liver, o-tocopherol cannot be transferred to VLDL, resulting in low concentra-
tion of serum vitamin E. I establish the disease entity and made clear the clinical picture of posterior
column ataxia and retinitis pigmentosa. Furthermore, by investigating oTTP knockout mouse, I clarify
the mechanism of vitamin E deficiency and neuronal degeneration. In this disease, almost symptoms
can be prevented to progress by vitamin E supplementation.

Key words: vitamin E, a-tocopherol transfer protein, ataxia, retinitis pigmentosa

1. RRBEFREETOAER

B O PR E AR EARCRREEE LR L0
oSSR T E3msn T, 1981 £
Burck 51, 1985 4E Harding 522 X DIFREHEOE Y 2
v E(E)BIR ZIC & B B 4 Friedreich KRER O
BU/NREMEDONRFAOREN SN/ -OIIF EHY
T, 1987 £ A N PO THELREORARED
MEEROBENRJEREL, 2LIZERZOHEN
HME ORPEALTIEE (, MiFrb0E OHRHEED
THETHZ I LM LA RIETIS familial isolated
vitamin E deficiency (FIVE), % 7-{2 ataxia with isolated
vitamin E deficiency (AVED) DEZFF THE I LT3,

(Received October 6, 2003)

1995 EVERDE— 4 F 2 = ¥ 7 OF R THEEEHT
MWD LN, §8 REERRICERMEFIEET S
ZLAH SR E LY, FEL Arita 5INIX o TIZE D
yu—z ¥ Ehizk ba-tocopherol §2# ¥ 787 (o-
TTP) RIZTFAHE L 8 RBHBRKIIHFET DI LD
HBL, 75 Y AD Koenig, AED Arai, TAUVAD
Kayden 512 X 2 EFEMRICL DT 70 H, 1507
DEIDRFIZBVT o-TTP BIZF frame-shift ZTEAF
Rah9, f84 & Gotoda, Arai H L EFETHE L DK
AREFOBE L ED, BEIZREETIC missense %
BAHY, ThHoTIP DEEREOCERATHL &
BEH L 726,

FAGZORARED ERZEDEF T EHL T

HBIMTIEARE ¥ 3 VEAESSMAS(CER15529~30, HET BT HRBNBELILDOLIOTHS.

*T113-8519 HEPXRREHE1-5-45
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{IBiz, LIELIEEREOMEEGTETHES M Blst
BThWwI LA, chb kb, oTTP 258
BEEMEOH LVERREFTHY, I-BEeE
BPEAEZ M ) Friedreich BURFHAE & W ) L VR ERE L
FEITWAEDY,
EHIEHALQ-TTP /v 277 b= XA 5ERL
T, HREMOREBFLERZLOEEMEHS
PeL, SORBFERSTHRBRTITHLI T
LY, BEEHEROFCRYOBEREHEORHT

ofe,

2. BIEFRE LBMRER

AR L WEEREEF DL R L R BR R
&, Romberg %, MEER NN L TCIZIZEMIIERD
LG, ERETHICH. L omgsRE:,
FIEEOPIC Babinski L%, FEIRELEHL. —if
O ROREBERE, MREFELE, 0
Wi, ME, MEBIET, Escdns, MR
%, ERIR, fasciculation, BEEERIITH v,

—HBRRARMR T, ofREEYy I v thaE s
IVA DRBEFCECHBRIETHS. 4HR{ET
EDEW S 180 O—0TH2E B F70F 4 0
REIBHFEOED- U K707 £ VRS OER S 7
T, B-URTOT A UABRBETCH Y IERY Sy
FEETHAHILHPLENTEL. RO o-TTP O
AEETE & LT o-Toc OEORAWRBTCLRO L I 12 o-
Toc DPNLIZERE 24, £OHBREITTHELTWD D
AR ENEG. EBH TIIEIER MRI TI3/ANR, Bude
DEH, BEREREDT, SPECTLEETH L. #
BEMRI THHICEEZRDL 255,

EREEFNRA TR, EPNEENEESREN
TNI3 ERERENOWELEDL—F, Eb 0T
RO LN, FHMEEERETCIASNEIER, &
RAETIHMEEEELYE, REETL I(BEIIES
HIENVEBNTHD, FoMoEMERIIIRAD
BELZHIOIQ ZEROATH B, MEHEMREB
KL ABEEREN CHIEHRHOEE, #HER
ORI, HEFREMLTPIODIEEL D 28,
SRS OWIEEIR, BMEMRD> GHRROEI LN
ECRERBETFRERLART, AT, AEm
B, SRR, KEEREMEORENELLRL, M
REEATH B PICT/ABEER DA IS o T RIS
EFEHTH LD F0F@MHPHEELH, MRI,
SPECT S #FEE B 2R FE T3/ NRBE & I2BI S Tl

B (¥ 3>78#%
Lo 2o (EEH).

BIETEFIRET T T exon 12 TERAE G
RTWRW0, k770 %, 15 ) THhbOHREIIRED
HEOEV 744delA Lo 486delA, 530AG—
GTAAGT, S513insTT 2§ h & frame-shift ZZE Dk T
BEHTHL, BEMARTRE SR G552A I exon
30 3WMDERT exon3 D skipping TB I L 57 % D
ttuncation TF Y137 OEEEIIZI LA LT WEEZ R
1. ThEDEFIORER 0EBUF T2 T8
BRAFATAREE 25 2 EMERITE (, Mif E DB
FLEW(<1.0mg/L). 744delA i3 ¥ v /82 O CFis
D1 % DHRBKIAT H DRI, FOFIOERLME
EDBREETIERTHY, ToREEI o200k
WMICERLRBESFETEI L 2T+ 59012,

—7%, BADOHEE L4 FKFH(HI01Q) (3 missense 75
RTHHREDS 30~50FEE{, EKLEL TMFE
DREET L EBMNEETHL (>1omgl). BE,
BIFCREEHRLEFLSTFRO o TTPHBRBL TS
h30), 258 cDNA (2 & 2 recombinant # ¥ 7$% @ o-Toc
D invitro TOEERBBERIEREY »320 119 Tlid
BUFRHE L TVva728), 513insTT & 574G~A O frame-shift
ERE missense EEOWAE~TDIEAGETHIH00

- SERCUME E ORERTIREET, SMRETHLE

REDBIZTEI 2 5 FFIE o-TTP O#EELE missense RO
TUNMIEETL2EEXDLL(EBTES, 1212
L, HIOIQ DT OEAMITEERAS, i EinE
BEFHERENZSEHHRES I D825 ETLTS
D, BRTERY DRI BERS >0 D4 AE
Lich, BRI P EEGES N4 v—%1E
AUERLEL SR T WA,

GAA repeat DR % £ Friedreich :FE & o-TTP
JBIZF- 0 non-conservative TR 2 X 2RO LA,
BRI E (TR, BEERTEREDHERD
IR O M SZEMIRBYS — RO TASh 2@ ESR
ZEHESEIS Friedreich RFETR IO O L WAL, BT
P R TR EMIED KT EMAR T Friedreich 25
ETIEE A UBBARICI R L0128 L TEETIZE
EAFEETHRLSLEN SN L SARL A0, F/:, &
ETIIEGEH LARREBROEEI AL AT, I
AR SEOREREL R LR A RTS S
Ehb, $HIEA OHE LA L ) RIEROE conser-
vative %% missense ZE TII R AL BYWHREORIRS?
THoThd LBREMSR—a—anF—LEITL
FHIZLLBHAOTHEENLETSH SN,
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3. HERREENAA

FHEFIE 744delA D19 L H101Q OFIIS) D& A
HhH. MEOEEHLHFEEGIIBLTBY, £25
JHIEFT R & L Tid spheriod & corpora amylacea % £
geFEotl, EITHEMBLO ceroid-lipofuscin iL#E T
ol BREEEIYING EZREIEL, Goll E,
Burdach REZIIRH S22, Goll RIZk W EELE
bedhot. —F, BRGEHHBORIITOBE
T Nageotte i b TH o7z, 6 IXEHBEMEROR
RPN TH 2 REMRRECEE o KEGMRED
ROGFEDH L OOEWRESEORETERIEEH
HATEFOELRERER IR L TEDTEETH-
2. TRLO/ENY - IIEBRRES T IEEED
dying-back RIZEME L v 2. B, Ceroid-lipofuscin D EE L
HTF IR RETERL, FERATAMRICERIN,
744del A FICIEKBIB RS 3 48, RMER, ARER
B, SR, iRtk SRR EHI01Q Bl L T
Y OEMITEF EROHTVAE. :

BEGBETHANEELZHREL LT 2L IR
FER AT S /AN Purkinje IRRORFLTZDH TV 5.
744del A 1T K/ DR O TR HERE & ERRBEIRT L Tw
7z E77, HI01Q BT IS BETANC LA R
YR & R FHR 0 S EE O ceroid-lipofuscin L3 &
FORE, AHEEORERLEZLohA, T4,
H101Q $I T MUk A O B IR L TB Y HE
FERENO P00 BHIEE > HBETAHENS L
vy, ERRIREGRR I 744del A TR EREREE L Tz,
R EOFEEFT R ERZ B8R e b OARIERER
MINALINOFRREEFEIZL{—HLTWEA, KiE
T2/ Purkinje B D EEAER O R SR % 5.

4. a-tocophero! 8z#5 & 2137 (- TTP)

o-TTP IFFHf I B HET 2MREA Y v/ &
LTRESh, #05FREBHIFTIOTR T4 —
Ay FEETHE 50 BIT 5005120747
T+—LEFTEH, «TIPIF1IELYHIZD1ELD -
Toc LEEEL, AFNED 1 2L WIETO y-Toc &
BRI BICET T2 En6ES 78713 o-Toc
RIS L), DS aToc 2 IV %
NERVEBRTARMIFUT2EHELHE-THD L
E=F BF (W

¥ b o-TTP BHEF cDNA 3£ K 45kb TS5 DD LF
Vbbb 2I8OTF I /8T I— F¥+ 5 open reading

REMEBREY Y IV ERZE 89

frame # 5 H, CHERANCHKET I /BB E L
HAZ LI ORI HEESEEARNIEFETETS
ZEHEEEIRTVAN, o TTPO7 I /BT
NI BTET B cellular retinaldehde binding protein
(CRALBP) LBV EER Y —%RL, FOHREEIMEE
BEMERCBVTHAY L LT/ 4 FOdBdh 6 1-cs-
LF+— N2 LTRSS T a2 MEaTH L Z
Ehs, ThHIE77IY—2TRL, BEEEED
Bohdh bt EL2bo0ATRANLTH®RTS
BEEiCb A Z LY EESR TV E,

5. o-TTP / v 9 F 7 b7 ADOHFERY

2 TR AOMEREETY A o TTP 7/ 4
DNA {Zexonl 25474 ¥ Rt TIoBRT5 2
I o TIPREFE/ v 2T ML /92T
7 b7 AT o-TTPmRNA 25 287 13 RIB
L, MM a-tocopherol IEEIIFEINART L. ~7 O
EEET T A TS o TTP mRNA, i ® a-toco-
pherol IEEEE BIZFM Lo, (ERERILI v 2T 7MY
7 ATl a-tocopherol DR Z L 7:f8% 5 2 728F, IEH®
(36 meke) 5 2 /-2, BFOH(600megkg) 25 X
RERERTRE, BROEIIL ST TP/ v 27
7 b2 AOMIE O a-tocopherol IREIXIER L VIR
FCEELE, oTTP /v 2 77 by ATEEKIET
TR L LMBEIRGRE Lo 2M, 1 £3 1A
& 0ERRHE, BHET, IREEFTEIIEES
Fo. EITTALETRICEATHRLOETE L L
7o, REIEFFEFICIZAS A TR VA, RITERX
PRSI A E L WHL P E oA HATEERD
FEERMEZET A ML DEFFERICEBLT/ v 27
Y rwy AOBEHRERBESLTHoN. hbHDiR
2 EEIRE LT o-tocopherol RZ BT TIE L W REEHNE
#FT, o-tocopherol DBEILGC & W FHITEE L, 8
FHAOHTEFERLFERII LA R o .

SLICBERARFNIRFT L LSS, BiEERESE

BT, BEVWThoBEHE T REHEE
MITER A, KMFREMEZOEREN, v 2T
P ATCIEBIZET L, a-tocopherol O:BEIT 512
IhEMEELE, BEERTL v 277wy
ZTCiE Muller FIRLC IR O K5 L E 2
LD all, BEHFHIROEEL T2 ELERDL
N3biELLIETLTWA,

MR DHEOEREIIFME S CHEE L HER
HORBELA 704 Vi, BERTHRERE VA -
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AT, SOE{kIE Burdach & Y Goll RICEE
T, ERL VEM, ML VIEMERETLVEE TS
B—H, HIRAEETIIRE DT HT, dyingback ¥
4 7OBRBENTHo 2. WITSIRRE, HERN
g, NEoEsoR e T, EREEERT
BZREDY K7 AT 2 EARMAERT, FHAAMER, 8
BeEELEIZRID. b O RIIFIO 744delA
& HIOIQ DEMRFT RICIZIZAR L2 LT izas, &R
BICELD & M- EEEE /N Purkinje #ERL 0 B75 AT o TTP
w7 ATRBALHATII Lo 7.

b OREEEH ORI a-tocopherol RZ AT
L DEENFEET, a-tocopherol OHREITEGIZ L D EH
itrE Lo

6. E4ICERZDERF

BRD EiL o, B, v, 8-tocopherol (Toc) A¥E % [B] 1%
$ThHAH, —HXIZEWIIT a-Toc £ D b y-Toc DITH
PELEINTWEY, EBIIERL D20 a-Toc
T, ERIFEOME I o-Toc IBEIE v-Toc @ 5
~20fE b8V, B0 X I o-TTP ZFFER O E
& 237 T a-Toc % BIRMICHEIL, VHA70LT
MmeBEEHETsBE2RAL TR EELORT
wa, ThbbH, oToc & yToc i/ TRREE ORR
THRINSh, A4 03 raromss LTHFRICRD
AT hD, FHRIZIZ3S VT y-Toc 2182 & BFEPUIHE
tEns—%, oToc BRI TERSNDHIK
HEY RS 7 (VLDLIZB D AT hTHUMAIE
%, M€ VLDL RELEY #4237 (LDL) (2 %1t
L, LDL ®EAE 4L CEMAZGOMBarIcIh AT h
%23)-25),

AVED B350 E RZOHFIZATRD o- TTP DL
FTCLHBATES, EFAD o-Toc BOBMSH 2D
ENBTIRIIE N PO o-Toc X LR L 6~8 B
iz ¥ —2 L% %), AVED BETIZ® o-Toc D
BV IEEP L LAAMEL TR0, LhL, £
DFED o-Toc IBEIL AVED BEETIRRERIHLTEE
CETTA. Y4 FRN L7 a-Toc & EEOIEME
&, FORERHEFERIRETLE, #4030
YA o-Toc DEVEEIIIER L E LAF45, VLDL, LDL,
HDL HCit a-Toc i3 2ICIET 525, T4, V4
5~V L7 a-Toc(dg-RRR-e-Toc) & ¥-Toc (dg-SRR-0t-
Toc) # W CE DRI LRI 2 L, ERZENFR
BT o-TTP BIETFD frame-shift TR YOI LAT
U L7 AVED BETIRER Tl 51D d-RRR- &

£ ﬁ (V¥ :78%
dg-SRR-a-Toc DEFIREIZ 2 (HELTWE—F, EXR
FZ ORI 7 missense TR FH o /- AVED BEIL
EXEBENDERZEFL ORI R ILEBERE O
BREDRT 2R LA,

7. HEEME o-Toc REBOERRERR

a-TTP PP ELVOFRHAFLCORERLTLI L
e, a-TTP OFHREMREATORENEBE ShTw
. a-TTP DHPEHBERAORIEIC>VTI -2
FU T, FNF o THIRA0 L YOS D AR
Eowtwhw, FZTaTTP/ v 277722 AD
FEMEN G o-tocopherol IBEIZ oW THRE LY. o
TTP / v 7 77 b ATIHEHEM, PHHERIIE
a-tocopherol &8 EREELL T Cdh - 72, o-tocopherol 18
FAOEETIIM A D a-tocopherol IIIEENEL T CLAT
5%, HHEHEND o-Toc IBEIXIEED 5~10% BE
FTLALRLEA-RY, Thbb, SHRMENS
oa-TTP 2SKAAT % L M D o-tocopherol % HAKTHFERA
CHERCERETERY, HIVIERETERVERE
Wc& s, LaL, BEELSZIMAH O atocopherol IR
#EREETR2 ELPRETIRD L PRMENI ato-
copherol BT 28 THL. T4bL, oTTP DHIH
BEANDETIE «-TTP Bz b Rlor— M Hi~ 4
F=LhLHFAETAIEERLTA, SOERLE
o-tocopherol RZE D EROFETIIAPRAIENIZ a-
Toc @D LBERI-N. Zhid, HIRIZ a-toco-
pherol PULETH L ADIIRZAIITETICHBE D
HEEMRIZ A 2 72 a-tocopherol 23 A e piRit AT &
Eaohdmhiv, IO aToe REEDHER <
Y ZEHRERY BE Lo 225, TOPIHEER
O a-tocopherol I8 13 a-tocopherol BF D a-TTP / v
7T b ADOPHABEAD o-Toc iRE L D2
EZEB LAV, T B, AIREER O o-Toc it
BEREFED S5~10% EETHIMIBEEE T Cl2ik
THTHABIEERELTHA,
o-TTP BIZFEFERR/ v 7 77 b= A0
JER L HIERERTAPIERRESATVWARZRIZL
% o-tocopherol RZEHDEFNGIZI{PTHB I &
5 o-TTP BEFEFICL Z2BBLEMHRMP D a-toco-
pherol RZMEZ bR Tl LaL, SEOFERE»S
o-TTP M H ORFOHK L 64, HIEIERNOHIT
ZHHREMLBELLTEY, RETPFEMEIISS
IZEE D a-tocopherol REREEAE L 3T TnH I LA
HEAL 7o, F LTSN D a-tocopherol #i7TC THIEEETE
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FHIEEI LD CE LT ], WEEROELS
B EAMHLEEM D o-tocopherol RZWZH D, PRAEN o
TTP @ a-tocopherol S LI OO ORE TIX
L ERHITHBZLIRENL.

8. AVED BEDakiE

rROQTIP /v 2T b7 ANLOHIRLY,

AVED BEIZE 5 MEEHLETOMEIE#ED
DV BRHEFIAITCELLEELTHE, o-TTP
A% o-tocopherol D HFIRFEREANDEATE biToTw5 &
S EEMNS, AVED BED E#RS513M 5 D o-tocopherot
EAEEHEERIC 2> 28w T TETR+ST, £
BDI~IEOLARVED T B2 L ) MEREROELT
2L LIIEIILTYS,

9, SHEORYE

PHAERIEEOSEFRVES(RIBEOZIR
TUVHBEEDNTVE, EELTUINLAT—HP
EGUHEGLESR CORBENRBOREEEIC
A FLAMEEL TR EWIHRREHES
hTws, LaL, BEFLe, BEA ML RICE
LMEZEREE X ToRwThbaoEF LT,
oTTP 7 v 27 b=y ATBEOREA P VALK
MO TO/RBEMOEFNVEVL S, B, 07
YRETNINL T EOMEEREBOT TNV
79 AL DT A bEEREHRITHT, £hEThOMH
EHREOBFICBI ABEA F L AOMSRRET
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ABSTRACT

a-Tocopherol transfer protein (a-TTP) was first described to
play a major role in maintaining a-tocopherol levels in plasma,
while a-tocopherol was primarily reported to be a factor rele-
vant for reproduction. Expression of «-TTP is not only seen in
the liver, from where it was first isolated, but also in mouse
uterus, depending on its state of pregnancy, stressing the im-
portance of a-TTP for embryogenesis and fetal development. The
cellular localization of a-TTP in mouse uterus is reported here.
By immunchistochemistry, «-TTP could be localized in the se-
cretory columnar epithelial cells of the pregnant uterus on Days
4.5 and 6.5 postcoitum as well as in the glandular epithelial cells
and the inner decidual reaction zone surrounding the implan-
tation site. On Days 8.5 and 10.5 postcoitum (midterm of mouse
pregnancy), a-TTP could still be detected in the uterine secre-
tory columnar epithelial cells, while in a-TTP knockout mice,
no immunostaining was visible, 1t is suggested that «-TTP plays
a major role in supplying the placenta and consecutively the
fetus with a-tocopherol throughout pregnancy. We conclude
that a-tocopherol plays a role in the process of implantation and
that a-TTP may be necessary for adequate a-tocopherol status
of the fetus.

female reproductive tract, implantation, pregnancy, uterus

INTRODUCTION

Vitamin E (a-tocopherol) was first discovered and rec-
ognized as a factor essential for reproduction by Evans and
Bishop 80 years ago in 1922 [1]. Meanwhile, a-tocopherol
is recognized as a major lipid-soluble chain-breaking anti-
oxidant found in cellular membranes and is known as an
important factor in the protection of polyunsaturated fatty
acids against peroxidative damage. Peroxidative damage is
well known to take place in the placenta itself, the placental
brush border being most vulnerable to oxidative stress [2].
Free radicals also play a role in the induction of fetal anom-
alies, such as impaired embryogenesis in diabetic pregnan-
cy (3], suggesting that a-tocophero! is of great importance
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in its function as the main naturally occurring antioxidant.
a-Tocopherol transfer protein (a-TTP), with its high affinity
for a-tocopherol, plays a major role in maintaining ade-
quate plasma a-tocopherol levels by excreting a-tocopherol
from the hepatocyte into plasma [4]. The regulation of a-
tocopherol levels in the feto-maternal unit is little studied
so far and the role of tocopherol-binding proteins is of great
interest to elucidate how a-tocopherol is transported from
the maternal circulation to the uterus and placenta before
uptake in fetal tissues can occur. @-TTE, which has been
cloned and chromosomally localized [5], is a 30-kDa pro-
tein identified as a product of the causative gene for ataxia
with isolated vitamin E deficiency (AVED) [6]. Patients
with AVED have practically undetectable serum vitamin E
levels and show severe neurological symptoms and mus-
cular weakness. While a-TTP was primarily described as a
cytosolic liver protein [6, 7], it has meanwhile been local-
ized in many other tissues, namely in rat brain [8] and most
recently in pregnant mouse uterus [9]. a-TTP could by de-
tected by northern blot analysis throughout mouse pregnan-
cy (20 days of gestation) with a peak around 4.5 days po-
steoitum (dpc). This day coincides with the period of im-
plantation in the mouse, suggesting a possible role of a-
tocopherol, the major ligand of «-TTP, in this process. We
therefore attempted to obtain more precise information on
the localization of a-TTP by immunochistochemistry in
mouse uterus on the day of implantation (4.5 dpc), 6.5 and
8.5 dpc, as well as around midterm at 10.5 dpc and com-
pared these results with nonpregnant, wild-type adult fe-
male mice as well as with «-TTP knockout mice.

MATERIALS AND METHODS

Animal Breeding and Tissue Preparation

Ten C57BL/6Cr wild-type female mice (SLC, Hamamatsu, Japan) and
eight o-TTP knockout female mice, of which the generation is described
elsewhere {9], were included in the study. Two nonpregnant wild-type and
two nonpregnant a-TTP knockout mice were killed at 8 wk of age. Two
mice each at the following stages of 4.5, 6.5, and 8.5 dpe gestation, wild-
type vs. knockout, were included, as were two wild-type mice at 10.5 dpe.
a-TTP knockout mice at 10.5 dpc were not included in the study due to
expected morphological changes in placenta and fetus as well as the fact
that no additional information was expected from these animals. The tis-
sues were immediately dissected free from surrounding tissues. Dissected
tissues were rinsed in buffer (250 mM sucrose/l mM EDTA/10 mM Tris-
HCI, pH 7.4) and fixed overnight in 4% paraformaldehyde at 4°C followed
by subsequent dehydration and paraffin embedding. Sections (5 pm) were
cut on a Microm HM 400R microtome and adhered to polylysine-coated
microscope slides (Matsunami, Tokyo, Japan).

Preparation of Mouse a-TTP-Specific Rat
Monoclonal Antibodies

The coding region of mouse a-TTP cDNA was inserted into the Safl/
EcoR1 sites of the pET21a vector (pET system, Novagen, Madison, WI).
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FIG. 1. Transverse section (5 pm) through nonpregnant mouse uterus
(magnification X 4). No staining with a-TTP-specific monoclonal antibody
can be seen. Arrowhead marks secretory endometrial columnar epitheli-
um, of which magnification x60 is shown in inset A. SM, Two layers of
smooth muscle cells; G, glandular epithelium; UL, uterine lumen.

After the plasmid was introduced into Escherichia coli strain BL21 (DE3)
(Novagen), the protein was expressed as a His-tagged protein by induction
with 1 mM isopropyl-B-p-thiogalactopyranoside. The protein was purified
using nickel column chromatography (Novagen) according to the manu-
facturer’s protocol. Rats (WKY strains, female, 6-wk; SLC) were immu-
nized by injecting the protein into the hind foot pads using Freund com-
plex adjuvant. At 3-wk intervals after the initial injection, the rats were
injected twice with the purified protein mixed with Freund complex ad-
juvant. Three weeks after the second booster injection, the enlarged medial
iliac lymph nodes from the rats were used for cell fusion with mouse
myeloma cells, line PA1. Several monoclonzal antibody-producing hybrid-
oma cell lines were established. From the various antibodies isolated, con-
trols were not only performed by Western blotting but also by testing the
immunchistochemical usefulness of these by checking mouse liver sec-
tions for o-TTP localization in cytoplasm of hepatocytes. Only the clones
positive in Western blotting and immunochistochemistry were selected. In
this study, the monoclonal antibody from clone A8-F1 (rat IgG2a) was
used for immunohistochemistry.

Immunchistochemistry

Immunohistochemistry was performed based on avidin-biotin ampli-
fication and oxidation with 3,3'-diaminobenzidine tetrahydrochloride [10].
Tissue sections adhered to polylysine-coated slides (Matsunami) were de-
paraffinized in xylene and rehydrated in a graded series of ethanol. The
endogenous, tissue-specific peroxidase was blocked with 3% H,0, in
methanol for 20 min followed by washing in 0.05 M Tris-HCU/0.15 M

NaCl, pH 7.6 (TBS). Antigen retrieval was performed using a microwave
oven: samples were microwaved at 750 W and boiled five times consec-
utively for 5 min in 0.01 M citrate buffer, pH 6.0, followed by brief
washing in tap water and TBS prior to blocking with 10% rabbit serum
(Vector Laboratories, Burlingame, CA} in TBS for 30 min at room tem-
perature. Excess fluid was allowed to drain from the sections, which were
then covered with 50 pl of a 1:20 dilution of the mouse a-TTP-specific
rat monoclonal antibodies. Control sections were left at the blocking stage
and not covered with the primary antibodies. Incubation of all slides was
carried out overnight at room temperature in humidified air-tight chambers.
After three 5-min washes in TBS, the sections were covered with a 1:
1000 dilution of rabbit biotinylated anti-rat 1gG (Vector Laboratories) for
60 min at room lemperature. After three 5-min washes in TBS, the slides
were covered with avidin-biotin-complex elite (Vectastain ABC Kit, Vec-
tor Laboratories) for 30 min and washed again three times for 5 min in
TBS. After oxidation with 3,3'-diaminobenzidine tetrahydrochloride for 5
min and brief washing in tap water, light counterstaining was performed
with Mayers hematoxylin. The slides were then cleared and mounted with
60% HSR solution (Kokusai Shiyaku, Kobe, Japan). Each staining pro-
cedure was repeated three times, consisting of 20 consecutive sections.
The investigations were conducted in accordance with the Guide for Care
and Use of Laboratory Animals.

RESULTS
Controls

Control histological sections incubated with solely 10%
rabbit serum followed by anti-rat biotinylated antiserum
showed no staining whatsoever. A number of representative
controls are displayed in Figures 2B, 3A, 4A, 5A, 6B, and
7B (insets), showing various stages of early and midpreg-
nancy.To verify the specificity of a-TTP staining in preg-
nancy, mouse uteri of nonpregnant mice (8 wk old) were
stained identically as the sections above, showing no a-TTP

“reaction (Fig. 1 with inset A) when treated with «-TTP

monoclonal antibodies. Negative controls hereof (identical
immunohistochemical procedure except that o-TTP mono-
clonal antibodies were not used) also showed no staining
{data not shown). -

Early Pregnancy (4.5 and 6.5 dpc)

During this pregnancy stage, immunoreactive o-TTP
was detected in three specific localizations of mouse uterus,
Firstly, marked binding of the monoclonal antibody specif-
ically to the secretory endometrial columnar epithelium was
noted (Figs. 2 with inset A, 3, and 4). Second, the glandular
epithelial cells partly showed immunoreactivity, namely
when they were located near the implantation site in the
inner decidual reaction zone. It should be noted that the
endometrium forms the mucosal lining of the uterine cavity
and consists of columnar secretory epithelial cells that are
bipolar with respect to their histologic orientation within
this tissue. Their nucleus is displaced toward the basal side
of the cell, and at the opposite side, the luminal surface
forms the place of secretion. The epithelial cell population
is comprised of the secretory luminal columnar epithelium
and of glandular epithelial cells [11], which are found in
the inner and outer decidual reaction zone. In Figure 2, the
section farthest away from two neighboring implantation
sites was chosen, and in this section, the glandular epithe-
livm was not stained. In Figure 3, the embryonic cavity is
seen, and directly around this site, the glandular epithetium
showed immunoreactivity. This phenomenon was docu-
mented again at 6.5 dpc, where, in Figure 4, the upper
arrow marks glandular epithelium in the outer decidual re-
action zone showing no immunostaining, while the lower
arrow marks glandular epithelium in direct vicinity to the
embryonic cavity in the inner decidual reaction zone, show-
ing immunoreactivity. Third, the inner decidual reaction
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zone itself, as shown in Figure 3 (arrowhead) and Figure 4
(lower arrowhead), consisting of reticular connective tissue
filled abundantly with lymphocytes and granulocytes and
surrounding the implantation site, showed staining as well.

Midpregnancy (8.5 and 10.5 dpc)

The staining pattern during this period of pregnancy now
focused mainly on the secretory luminal endometrial epi-
thelium. Reactivity of glandular epithelium could hardly be
verified anymore due to the enlarging embryo and the con-
comitant thinning of uterine lumen. The decidual reaction
in the inner and outer zones became more and more strik-
ing, and maternal vessel dilation with developing matura-
tion of the placenta was seen (Figs. 5 and 6). It could be
noted that the «-TTP immunoreactive staining of the lu-
minal epithelium seemed to decrease compared with prior
pregnancy stages. There was, however, one striking change
at 10.5 dpc concerning the localization of «-TTP in the
luminal epithelium: The staining was mainly located in the
apical, supranuclear region of these cells,

a-TTP Knockout Mice

As stated elsewhere [9], the availability of «-TTP knock-
out mice made it possible to verify the specificity of the

FIG. 2. Transverse section (5 um)
through gravid mouse uterus, 4.5 dpc
{magnification x4). Immunohistochemical
binding of a-TTP-specific monoclonal anti-
bady to secretory endometrial columnar
epithelium (arrowhead) is evident. Magni-
fication X60 hereof is shown in inset A;
inset B shows negative control. SM, Two
layers of smooth muscle cells; G, glandu-
lar epithelium; OD, outer decidual reac-
tion zone; ID, inner decidual reaction
zone.

antibodies used in this study to show o-TTP immunoreac-
tivity. Here we give one example, in Figure 7, showing no
a-TTP staining of the luminal epithelium of «-TTP knock-
out mice at 8.5 dpc (data of nonpregnant knockout mice
and mice from 4.5 and 6.5 dpc are not shown).

DISCUSSION

Vitamin E was initially identified as a factor required for
animals to have offspring and to prevent miscarriage [1,
12]. In this study, the secretory epithelium of the pregnant
uterus, consisting of both the secretory luminal and glan-
dular epithelium as well as the inner decidual reaction zone
directly surrounding the embryonal implantation area,
could be identified as localization sites of a-TTF, the major
transporter for a-tocopherol, by monoclonal antibody stud-
ies. These findings are consistent with the Northern blot
analysis results published earlier [9), showing o-TTP gene
expression in the uterus throughout pregnancy with a tran-
sient increase at implantation (4.5 dpc) followed by a grad-
ual decrease until parturition on Day 20 of pregnancy. It
has been shown that the secretory epithelial cells of the
pregnant uterus are involved in transport of ions, sugars,
free amino acids, and other substances into the uterine lu-
men [13]. The endometrium-derived secretions have been



