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OB O EEDAREIEE ARSI H2a (major facilitator superfamily domain containing protein
2a, MFSD2A)J& T = B ¥ [F % 12 2 F i &% (major facilitator superfamily, MFS), H7E IfiL iy 57 f& (blood-brain
barrier, BBB)7¢ £ 1: [) 4E RF AN — - 5k /N4 R (docosahexaenoic acid, DHA) )45 iz b R #% E B . (ERE
MFSD2ARE KK/ BRI A, DHAR & 23 R A A c Bk, M FBUN LI TE AR RS, FT
MFSD2ATE X 1# 28 2 Gi(central nervous system, CNS)J{EH, B4 #RIRMFSD2ATE 245 9% 2|CNS J7 T
Al fER — M ERIT R E . 1ZOCEE 7 S ETMESD2AR it g, S4B 7 MFSD2AZEN A4 1) 1E
AEFRTNRE, LARAE Z Mg OB R K BR ) K AR e e
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Research progress of major facilitator superfamily

domain containing protein 2a
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Abstract: Major facilitator superfamily domain containing protein 2a (MFSD2A), as a member of the major
facilitator superfamily (MFS), plays a crucial part in maintaining the integrity of the blood-brain barrier (BBB) and
transporting docosahexaenoic acid (DHA). MFSD2A-deficient (MFSD2A-knockout) mice have shown a marked
decrease of DHA levels in brain and neuron loss, which leads to microcephaly and cognitive deficits. Base on the
roles of MFSD2A in the central nervous system (CNS), the current researches have preliminarily shown that
MFSD2A may be a potential therapeutic target for drug delivery into the CNS. This article reviewed the current
research progress of MFSD2A, and summarized its normal physiological functions and role in the occurrence and
development of various diseases, especially Alzheimer's disease (AD).
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IR A IIRE(R]L), JUHAECNSTIH, P&
MFSD2AZEFH I (22) H HAIE 7 330 F B AT AR L A
g, WIEH NMFSD2ATEM 4 2R GUAH IS 1 R Rl
FURIE PRIGTT L SR At g

1 MFSEBRIERSFIEFThEE

MFSHIZ G2 H 5 A m ok 2 FEAL
s | B R R, AR s (4 K HUE E
(TCDB){7n, MFSCLAH R E105NFK k. MFSE:
ia 8 H MK R EBTE400~600 N E I Rk AL 2 7], N
ACH uG A TR RFE MY, MFSEiz®EAKE
BRI 1245 o120, 64 B Ha- 12 g [N
ity 445 KA 1R 6 1 185 i o0~ B8 I (1 C 3y 45 g B 2 ™
AR Ny 1 C i 485 48 45 b & FE R 7 41 R A RIS
FUFRJE M, (BTER (450 L AR B AR, BN
TM1~3 % 3 )2 [ 5 45 [ TMA~6 R Ciify () TM 7~9 J% H:
K EEHTM10~127, & [ 5 R0 &0,
MFS#ia & i G — s g, Xagee 5K
Yoy IEsE AL, AR B 1R IE R E TR
LS Ca

MF SR FE i ia ¥, R ) #5845 fl
s, ATLEHERE. 2. Mg, '3

FR. 4eg. A LB BT FICHLBA B+ DA S HoAth /s
WA WAE AR B N AT I s Y . H Al iR
IWAMFS# izl E KA T “RATIER” H¥iaTr
A MRS TR N FEisRT, MFSHiz & A
FIFF R AN [ A B, 238 R T 5
MG MGG ERE O R RN, fEAK
P 40 L P A T 5FF T S 8 ) B AN SG B IR 11
R iz =g . NFEEH 2 MMFSH s &
F, MFSD2AJ& T-MF S 53 ji5 i = S 28 M 375 ot 2
4, Perland" i3 T MFSD1. MFSD2B. MFSD3.
SV2A. SV2B. SVOPL. SPNSI. SPNS2. UNC93A
S 28 BB I Joi A8 A 1) R A R P R 5 )
MFS#iz & A 5 Em R AR, Flnsk = GLUT1
HiaEASFERMNES . KEREZEHE =
FE" . MFSD8ZEAE £ T3 & e It i .
HuZE S48 7 18 K 2R IA 7 BRER A 32 EL )
FIyRE, WIEIR TV T B 5032 V5 7 o 350 15 7 24
W77 1 B9 77 6

2 MFSD2AEFEREH

20084F, HFFCN G B R v BE BN BFIMESD2A
JE R 3% 52 A FIMFESD2AFEHMY, 201148, %L

%=1 MFSD2AREEIEH 4 IRINEE

M/ Ihik BILUGES SR
itk 2 5RO R B L4 e 1 B AR /NER [1]
ki 1B R AR I DHAE i Y ZINER (2]
JiG 2 E Hysyncytin-2 [ SZ AR 1 41 i b2 AN [18]
ik} YR AN S5 BBB S8 Bt A5 1 /INER [25]
ki PRI ¥ 5 B RN BE 71 10T R /NER [37]
ARG TEHEIRIE R, 4EFFBRBIN 2B /INER [40]
ARG F Rk A 5L i DHARE N BRI /NER [49]
BBB: [ffix5#kE; BRB: AWK 55 &

#<2 MFSD2ATEHE X/ HI1ER
] MFSD2A [{) 3Rk i MFSD2AFI{EH FhZ S SR
it ESuNTE A IS WM 0 22 8 B A4 i 25 71 AN [19]
AD IR P 1 FRAL A Al RN AD IRV ELE bR L) ANZE [64]
SAH i P R LR IR S PR TR R TR BBB IR A2 ) e s N [65]
ICH I & BB ZH 23 B (1 3R TA 5 2 PR AR 8% BBB 145 Ui A 40 22 ) e B i INER [66]
CCH HICAX E ARIE AT IR BBB BRI FIH 2 ) s N [68]
GDM BESF i3 2R 1 ek W 3 BRAIG BEMMFSD2A /K5 ) L3 3k Bl IFAH G ANZE [76]
uc Fik T MFSD2A 2 5 [l % i 2% it Nk [80]
T 7% 98 FIK PR MFSD2A 5 TGFB1AIbFGFf# 44 55 /NER [81]
B FIh PR ATVE RS PEA 90 Tl AN [84]

AD: B/RPGHFERAE: ICH: JNHiIfL; SAH: kB R thifl; CCH: 18VECHEENHM; GDM: WE4RWEIR: UC: BEiE

4ila R
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R I AH MESD2A 1) 41 il 2 A 4 %% 25 (Tunicamycin,
TMHEHL AN, 58 T et — 5 32 FF T MFSD2A
AR NTME s E AR A, 20134, AHFRE
B Syncytin-2 (1] 5 A MFSD2 A E 1% 75 J2 41 Jifd fit & 1l
g kB R EEMET, 20144, NguyenZEPH 5t
KRIIMFSD2A A T BBBI BN N 4, wf
DL iz i H A R TR 7 8 1 9 I O 56 AELAR (Ly s o-
phosphati-dylcholine, LPC)HE N\ fibi i fiL % P 5z 41 i,
SEYEFEBBBIE B AT RE M 24k k.t T-MFSD2A
EBBBH R HE 1) IhAe, Bk 7 HAE KA E E
HEMAL, HAL, WA FEFECIMESD2A 2 AT Y
I i JE 34 R 40 0 356 R 286 A 1 g ol S IR,
HMFSD2A & CD8™ Ttk (2 4 ffd & ¥ 1E ¥ T & fr 4
R,

NZEMIMFSD2AJE K T Gt thc 1p34, /INERI
MFSD2AJE K 7 T 4t fk4D2.2. MFSD2A XA 4%
K14 855 bp, WH4NME T HI3ANNH TP,
MFSD2ATEJH A (13 FE AR R SF, SRis 7=
530N AR, HHXT TR 60 170 Da, 55217,
22747 1 R 2 Tt i 9 A N - 3% 452 08 40 07 R
MFSD2ARE & A 124 a- 12 JiE i B, N o-M8 e Fr
Bt &2 A 17N E IR . MFSD2AZE (/¥ 5I/E
AR R 2 1A 22 N, RN RN R Z A
85% I —EU Mk, FEAE I JTCWE A BE 1 1 2 (8] A ik
60% 1) — 1. MFSD2A R 5o 4 &k BT 45 €6 g iy
MNP RIE, JGE TR HEWAER . B, .
JH i ATHREG o 552, Ben-Zvigs ™ R F 487~ T
MFSD2AEBBB [ i il L P9 Jz Al Hp ik, 4
Tk B 6T B G A 0L PN B 4 ) R I
FZ 2B A 1) 78.8£%

3 MFSD2ARYIEE 4 IR AEE

3.1 MFSD2A4#FFIBAT MK RFREGNHIZREE
ER)

BBB H B4 I P4 57 40 g S 41 i [a] 719 5 % 0%
ey SEREMIIENE . R 40D DA R SR TR 5 40 P o A %
FERE Y BBB R FH A S e 13k e s o 5 T
B IRV A AR R, 7 1k R 9 R A
B BRI E RS TN RGN,
BBBZE F AT i () 58 S MEAE A i 40 23 %0 %2 45 E W R
fRERIFN, ik rPAX At 2R GE5 0 254 1632 I
Bk, 4BBBZ 3401 5 Hum g g5, dkimifd
MZHE3 2 BN B =M AOE R TSR E, SEUND
REZ I kP, BBB LA BUAS I 3% 11 Sk 1 T 1 v

FHZL P R R is Sk R FEAE B 244 BBBi#
FEER AR, H—RFiEn, Ko/
B DA B 2 A A S T 4 P S ) B PR R Y
HTEESR, % M A FHAEBBBIY % J7 T T 78 R
T,

MFSD2ATE i B4 ML P i p 3Rk, &%
PHZ R A ) 58 . MFSD2AM /N ERE3.5FFUA7E
AR I P R B R — E RIS, E15.50 4 RegAT
i DiRE. FFRMESD2AM /N RAE AR HA . B A )L
i ST AN 5 A e 34T S HH BBB BB MR 5, M7
BYHINE BB EARHN R JZ BNk o A7 7 T 5 R
IR ZED . K, MFSD2AZ 5BBBHIAK &L
2, Az5BMMmMEKIEER> . @BEMFSD2AR
/N R R I B A AR 3G n . {HL P R 40 i R
PG S SR, K U BBBIR I I 1 R R
4 R i M AR I AT 51 S, 5 P9 R 4 P R o e 4%
TR, geah, F4uH R LU BBBR s B, E
B LB /N B A MESD2AGA T s ettn, ARt JA
Y78 o5 B P 2 4 FHMFSD2 AR /K1 5535 BRI,
Ut B A 40 2 MFSD2 AR IR (1 4644, {H/&MFSD2A
B = IR F A AP SR, fENE R
TG R R R R R g, S
MFSD2ATE 4 ¢ BBB 5¢ % 4 A7 (T 1k 5 47 /& AR A
(1. 20204F, BFFiFRM, it FRIAMFSD2A Rt cav-
1/Nrf-2/HO- 15 55 S8 2 i BBBIFI A IR

/NEEH-1 (caveolin-1, Cav-1)2& i i ¥ 1k &
WHLTFEE G, FEH S 5 2 IE A 1) 5T 5 M
IR, ©25E5%S. KRB REE
FABY . i BRMFSD2A /)N B 7 Cav-1 B 4 fr) B8 1 48
hn, R PE A E RN, Kk, MFSD2Aj@ T
i S A BBB R4 LS P K 40 i rh 389 A T 1 4%
Mo FF e, fEBBBIHIE MR 5 F o8 B 4R RF ARk
PEAEFACT. MFSD2A I & BE- 1 - FR 4% iz 14 2
(spinster homolog 2, Spns2)J¥ %[ 2 [ it & &4 0] LA
P& v Mo PN 2 4 P A 8 S - 1- % R (sphing osine-1-
phosphate, SIP)%ia &%, If Hik vl etz
Wik ik ECNSHI R AR, RELH LR S
EMFSD2A {4 & #1111 BBB ] 78 B AT A £ IR N
W
3.2 MFSD2A%:EDHA

DHA /& 3 BAFLE T« 28 20 ZURT AL X Ji e
(KB 2 ARSI R, WF NS T B R R i DA B
0 AN R JE £ % 7 4 o BN DHARRT A4 2 A
PRI 75 B 2 o- MV JBR 12 (0-linolenic acid, ALA), i}



422 AR

33%:

DHA DA ZJ08 3 1B 3N DUARIE i b 5 &Y. B
MFSD2AHF, /NN DHAS & & K, M
DHA % N [458.8%. NguyenZs:™ £UilE FMFSD2A /&
DHAE ABBB &= B4 iz £k, (HDHA & A H
At N i 1 7 AT A AR R

WK, MFSD2AREN: & A DHAR i iE EP
PALPCI T st Ny 2 A i, (HE A Redbia
BABRLFIDHA . b, BERSE K T 140 i
Ji& 7 I LPCIE =X ) oAt g 7 2 tH e 9 MFSD2 A %
iz, HMFSD2A%#ZLPC-DHA 1230 % i &2,
MFSD2AH =AM PRF 25 M RRAE: BRI R A 45
Br sy 4G IR B 1Y) B /K R4 AN AR S LA m) F T80R
S =HE 781, MFSD2AKE LPC B A P It i
T JIEL AR 1) Sk B AN EL A 22/ 14N BRI K B BB BR T
LPC, MFSD2ATW DL iz ¥ If B JIg M & I Ji
(lysophosphatidylethanolamine, LPE)F1 ML A ik 22
% & (Iysophosphatidylserine, LPS), {HANfe#% iz 7 1ML
4 5 12 (lysophosphatidic acid, LPA), #HJMFSD2A
()45 6 A e L B A R R I P SR P S Al £ L )
Tl R 5 1y I B (A 2. MFSD2A [ #E i 1 i %
PUH BN SRR, M AN T E B S
(92 FNEE 96 AL K A& % MR A 1) K A RALRS,
MFSD2A ) #38 ThE itk sk e 2k

QuekZE R 5 % B, MFSD2A T Lys-436%5%
BN )R 2 R EE, Lys-4361R A g 5 LPCHY
7 B FEL AT R B IR T BRI HR T IS LPCIY
BlL: MESD2AKLT-AMFHF ISR, HWE T84
BN AL A LPCHRENZIRUZ B Sb /i, I
R4 B BIMFSD2A Bk PR 4% . MFSD2A ;12
HEEMRKAEL, ZWRBENAELys-43645 5 1)
LPCkL BB B &b /Nt B0 5% 2 N /i, B T LPCA:
BRAKVERE BT, AT RE M iz 2 0 g ik A P 8 /)
. Andreone2s it — 48~ T MESD2A#%3iZDHA
PIMLE] . BT CNS P R 20 P 4 1 Jo 6 2 it
MFSD2AR] LUl ZE 76 1) fl, BI04 P 77 16
. MMFSD2AKLPC-DHA M i JIE 40 35 5] i fist
N, AR AR P IR R AR B K ILPC-DHA.. 5§
£ IDHAREWE R EL Cav- 17 7 45 M35, 1 200 Jf Joi it
I Cav-1E# Nk, AFIT Cav-145 M3 1) & o 1
FRIE . BET, FRIA T 005 B 74 52 2040
#l, WiNLPC-DHAR & &%, MFSD2A# iz
LPC-DHA R AF R4, MMFSD2A K JyME—
CANDHAR: 2 5 A" . LPC-DHABE A Jixi P 7l 411
i) REL [ B 38 15 7oA 455 B2 I Srebp- 11 Srebp-2 (1) 7

P, B T AR pA L 0 e 0 g J7 T2 P - ol 5 i B
WEle AR, HMFSD2A /)% 1] 52 Srebp i 75,
REC T EMFSD2ATELPC-DHA T HH I E
{EMFSD2ALEVF 2 A= B 75 1 ) 2 RE I 5 3k — 2D it
FC, WITES AR R & 70 -
3.3 MFSD2ANTS4fnEt&

FH %% 57 J2 4R M Rl T/ 1 A G 6 AR 0 7 /2= A
T IR W R ook . NS P UM T e S 85 5K
J&%(human endogenous retroviruses, HERVs)Jk [X] i 15
(1) LB RS & 1 Synceytin-2, BIAMIZ2EN FWFRZE
Y1 o it 5 1) B L IR KT, MFSD2ATE iR vh %95
W8, EsnaultZE" 2 % 5 MFSD2A JySyncytin-2
2N SR TS RO R E R IR N A PN SV 8
BeWol fitl fi & 1 13 MF SD2 A [f) 35 /K F T i 5
siRNAF% YeMFSD2A J& 4l fu il & A 30% % %2 1 F|
15%, #t— PUFsSE 7 MFSD2ALE 40 ffa il & v 1) 2 2
PR BRAh, R IR ST T AR I R 4T K B
H-1 (glial cell missing 1, GCM1)Z: Syncytin-2#ll
MFSD2A K R £ i 4 it 4l e 5. B9 2
N, EUFEEAMA AR T, R R R
Galectin-115jSyncytin-24F 7 VEAH BLAE A G 98 7 A 2K
MG FE AR5, FF AT RE IR T Syncytin-2 FIMFSD2A
HA A Y,
3.4 MFSD2AS 55 B

AngersZ5:M R IIMFESD2 A -t 75 5 €6 I iy 2H 2 A1
JH I 223k o AE4E IR AH K AU % /K o (retinoic
acid-related orphan receptor o, RORo)FIRORyJ i iR
(/N BT, MESD2AJE PRI AE K5 € i 17 40 23 b 1 3Rk
EIEEIKT o AN R BIRR E IR DT 2R T R A A )
MFSD2AJK A, SRS B-15 F IR & 21k 2)
A AESFUAERGE, HTRREERS
MFSD2A &L /KTFN. JFH, MFSD2ATEA: i
Wi AR R R B 5 BRI OC, "R
MFSD2ARE I /N /N, i AR (1R
i b = BR & s> . BEAh, MFSD2AT SZJH
JUE i A W B AR 0 2 AR o (peroxisome proli-
ferators-activated receptor alpha, PPAR o)A i = 1L
EXEREE SN ON R R
3.5 MFSD2A{RIHIREEA B

HES B HP A7 79 A BEL L I3 H 420 o N AR P
()24 o e, D R R R 4 L7 A 2 4 TR S 1)
AR WX 5 57 % (blood-retina barrier, BRB)AI T~ R i
S B A Y JE (2 | % (retinal pigment epithelium,
RPE)™, FiBRMFSD2A /N B 7E H A J5 5 AR 4
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W BIBRBRIZ IR AUEC A 2 52, BRI & & F
HHZR I AN BOK B R AR R L AR B
FIVR L ML LL 5 ) G A A R A& B b, IR
e R A% P I DHA & £ MFSD2A BLLPCIE X i iz
1), X2 AR HDHA EZHEN 770, 5BBBK
B, MFSD2A [F] ¥ e # il %% ffa 75 1E A 12 Th R
PEBRBRIAE™ . 20204F, WEFEH, Wntfs 58
it B-catenin & #1177 7 B A5 MFSD2A, 1
BRBEAZM L 4 57 41 i o F2 it A 5 (0 % A 7R
L F 4EFFBRBIE B ME Y, RiFRMFSD2A /)N
R PRI 9 S T TR L R 2> AT B AR EE 9%, DHALL 3]
F{%45%, AALLEIHREE66%. LM KIDHAK
DR A g/ T B, SR B AN A e K A A7
1B R £ S i B £ 6 e 1) 1E s S g 1B

4 MFSD2AZE R PRI ST R

4.1 MFSD2A 5 ARG X KR

BBB 14547 F1 5 S A8 11 h 22 28 G M 1 30
JRAILIEIAHOC, BRI BBB 8 17 1 A i B i 453 45 AH
KIFET:Z, MFSD2AE S i T BBB 7 8 2 15 i

AD R — Fhpf £ B AT K, AT 3 BOA F ks
15 012 URAE DA Yk R 47 B ag Y, R B,
AD B AFAE HH K P9 B-JE A% 1 2 1 (B-amloidy, AP)%E
ER T BV VE K3 K PBAE HLR /51 18 R A tau(P-Tau) £ 1 4H.
R AR A F 2 SR AT AE g 4, I & R
BBB[{Ji2 W FIDHA & &1 />" . DHAG £ Fi /L
MR OC, BIEY IR IACIZIE . a Kk
AL Ml Th B R AP 4T B Th RE I 4E T . EAD
(%% BE TR /N USRS R ), R 78 DHA W] I 4% e k) £ B
PR Wb TautE B IRE IR R RAE
MRZTEARES™ SR AT HoA I 7L R W, 4 FEDHA
XTAD B BT R4, A4 X Il PR 2R v E
%% (Clinical Dementia Rating Scale, CDR). & 5 ¥ #
R4 (Mini-Mental State Examination, MMSE)F/
B 7R % ¥ B VF A B 3R - A BN 4 B R (Alzheimer
Disease Assessment Scale Cognitive, ADAS-Cog) /2 A&
BA R, RIDHATE R IT ADZ S A 05 T
HAafh A —EmM4il. fEADRERI, 718
BBB¥ iz MR A 20 AR AR AN R T 4 B AR
IR T2 5 a2 40, MFSD2A R #%iz
DHAFI 4 FFBBB 58 # ML R ok B 1, Wb
MFSD2AJE R /)y B /)N i o 7 i B 4 i = W 2 0
A, W IR CATFICAS X I5) # 4 71 % Ji 1

RIS AT PRI, /NS S Re ) KR
WCAZ 25 T A7 AE ™ I AG . MFSD2ATEAD
B MLREAS th A B35 IS, W P MFSD2A
B & BT AE R ADRERE 1 — ANMEEAE AR,
MFSD2AE I H 1 E A 75 22— [ 3] . MFSD2A
HEEADEE FIEE N h RIE KPR ZE R, X
H] A2 FEMFSD2 A TE ADY B FE AR FH () S
£ % H 1ML (intracerebral hemorrhage, ICH) ATk kX
JIE8 N i Y Ifil (subarachnoid hemorrhage, SAH) /N
t, MFSD2AH 72 L i o Bl 21 24 o 33k S5 24 B
1K, MFSD2AMF#MCHBE S5 T BBBIA IR ™. if
RIEMFSD2ANH] | FiE A SR MAAEH, (615

P EH D, B PRR T ICH /N B i 2 2 A i
e FERE, W99 TICHS| &M BBB# 5, i

MFSD2AA] Gt i 4 1| ICH 5 1) % i 3 4 A SR iy
BBB 4. 75 I 1 S 41 BRI 22 B S 1/ BRI
IRE A I i v, 250 ik e 77 16 39 0 2> 5 $(BBB
HUILE R T, B3R S A MEFSD2A K IA 7K - %
& FRE TG T FBBBIRLIN, IR T MCIIAE AH 5¢
MR

SR FH A R XU 5058 50 Bk P 28 2 ST 1 02 ALK
VERN4511%i (chronic cerebral hypoperfusion, CCH) K i
R R I H A A R4S . BBBIHEE 3G i1 LA X MFSD2A
EAMRIEPFC. T RIAMFSD2AY T CCHA [
BBBHJ 3 1 IERS, If HXSBBBH Y
A FH 2 308 T 400 1) B9 ) 4 M 1 P S B ™
4.2 MFSD2AZEZTHH K&K

i Y O AR R R M /N Sk B T (autosomal recessive
primary microcephaly, MCPH) & —Fi## £ Kk & b is
IR, BAPAFERE: e RN Sk T A i3t
IR KT . 12581k, CERFMCPHI18
ANJE R, MFSD2ARH A2 —, FIIEMFSD2A
FRAMCPHI5™ £k [ I LG AR K ) A 5 e
i, MFSD2A KA 2R 3% RAZ (43 7 N Thr1 59Met Hl
Ser166Leu)””, Thr-159 b #2045 &1 B E
e, Ser-166/&MFSD2A IE ¥ iz 4 fT 75 () 5 E 5%
FEPH, IR i () RAE{FMFSD2 AR 2 LPC-DHA
DhREe sk, BFERI NN, KEIR%E. &
JI5E WK JJ80R « SR TeHE S O R T
RAE, HAIT, fE—A B Z G )
1044 A, B AR 57 FIMFSD2 A %% % (Ser339Leu)
REAMEGRA, BE MK DLPCIKE EE &,
MFSD2A¥Gia sl A e &R0, ViR iche
71, AHEFE RV EEZE . B RG0S i
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FRNFFAE AR S0 M N Sk S5 AT s W R B
B Ik & A MFSD2A 4L &5 XL 9875 (Pro402His),
MFSD2A 128 ([ G S A 2, MK LPCIK
[ETt . P BRI NN KT . WK TR
R, RMIRR BIRG. Ak, HAEM MK
LPCWRFEWA BTN, Ww T LPCIKE W] i
MFSD2A LA R & . 0 — 22 5%
BWEFUR I, MFSD2ARES R 4E F 38Hh i e  JE
Pl 2 A Bk O 5848 (Val8 1del), Val81f 62k i) S 5
MFSD2A 5 i 45 My i A7, R Ik Val8 1 A Ay i
SRS A /N SR T ) DGR . R R ILH
HIOH NS eSSk . BREBE. KB
IRGERN f 52 AR T AN A e . MFSD2A R LPC
SN TAA A, 5 PR IE AN S R r] e S
13 5P%, 20204F, ScalaZ "%t — £ %127(|MCPH15
BHE AT AT, S8 H T MFSD2AM /NN HT N
XA FE K] 245 (Val250Phe. Cys251SerfsTer3.
Arg326Hi. Gln462HisfsTerl7. Prol64Thrfl1Pro-
493Leu) A KA e HRAZ (Thr198Met M Thr-
159Met), iXLERAFH 22 FHMFSD2A L & K- f&
AR SR I8 i BRI . H AT 2% T MFSD2A K ik 5848
JIT S99 I TF 90 oKk ], MFSD2AYE K & &
AN FETLAZ 77 T 1 F AR H 8552 2567 .
4.3 MFSD2A 51Tk X & H

1E 4T Yk 4% JR 97 (gestational diabetes mellitus,
GDM)H, BHEDHAM Iz ¥~ 24k, GDMEEh
B MFSD2A SR [ 2 kb, JF A i - DHAZK
S N, ISR SRS KR,
B+ EDHAMEERE/H, MFSD2AH F % )LF
TCVFAG I B 7K, X R MDHA 17K Ik 3 5
BT, R A G SRR LY. oAk,
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HIRLEIT S

MF SD2A K [F 75 i B AN ~F- i [X 3 (1) G 44
IP34 Fighn, %X A5 5 il 3k 2 A O 1) 18 4%
Fo (EAF A ZIE AL 1 /N 2 B fi s 4 B 2 A0 5
RN R, MESD2A ) 3RIE /K F 3 B 2 R B
Had i B S R i L, 5 MFSD2ARH S K
o 3R B A A WL 4 R B RN B B I S
FUT, AE fiti e 4 0 L R IEMFSD2A &, 7 41 i
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MR PEE EEAEH . B AT MFESD2A A 78 A+
TIRN, AVFZ REUE ARG, #iltn, MFSD2A



A i, 45

L F E P R s R AR SR G R R 1 2a BT T e 425

55 90 M 32 6% 1) 2 75 41 55 B Cav- 1 BAR A Al AH
HAER; MFSD2A & ik B ML L & [ L] K
FIZHEAT), REEa LRz DHATE
K an ] RYEAEF, A EERE; MFSD2A
TE 43R AR $5 BBB 52 B fE % 14 b 5 41 i e
JRAHHA T R s MESD2AMRE 3 K & & PSS
FHCAZTE R E ] S AD . HARAE . M4 2R 2 wh
28 2 485 B B0 HLER R TS R DA AT R R .
MFSD2ATEA [E 48 B A BAE R, &R A5 4%
AR (1 9 3 A FEAE FH AR T BT S 0 I . H AT
MFSD2A ¥ LPC-DHA ) 4> FHLEIE NG 4, 1%
AR B R R I MES #4312 8 1 5K B % 0
R 6z e, ISR T MFSD2AAS Hophds
(IR R AE AL IS LA, 45 M AR S A A S8 B 56
UE A L A3 T LEE (1) ) BH B2 S SR A D 24 0 s (1) DG
et -

(& £ X #

[1]  Angers M, Uldry M, Kong D, et al. Mfsd2a encodes a
novel major facilitator superfamily domain-containing
protein highly induced in brown adipose tissue during
fasting and adaptive thermogenesis. Biochem J, 2008,
416: 347-55

[2] Nguyen L, Ma D, Shui G, et al. Mfsd2a is a transporter for
the essential omega-3 fatty acid docosahexaenoic acid.
Nature, 2014, 509: 503-6

[3] Pao SS, Paulsen IT, Saier MH Jr. Major facilitator
superfamily. Microbiol Mol Biol Rev, 1998, 62: 1-34

[4]  RBAR, BUT. MESHZ R I2 8 [ 45k 3Lt L s L.
FlaER, 2015, 60: 720-8

[5] Lee J, Sands ZA, Biggin PC. A numbering system for
MFS transporter proteins. Front Mol Biosci, 2016, 3: 21

[6] Yan N. Structural biology of the major facilitator
superfamily transporters. Annu Rev Biophys, 2015, 44:
257-83

[71  Quistgaard EM, Léw C, Guettou F, et al. Understanding
transport by the major facilitator superfamily (MFS):
structures pave the way. Nat Rev Mol Cell Biol, 2016, 17:
123-32

[8] Law CJ, Maloney PC, Wang DN. Ins and outs of major
facilitator superfamily antiporters. Annu Rev Microbiol,
2008, 62: 289-305

[91 Reddy VS, Shlykov MA, Castillo R, et al. The major

facilitator superfamily (MFS) revisited. FEBS J, 2012,

279:2022-35

Wang SC, Davejan P, Hendargo KJ, et al. Expansion of

the major facilitator superfamily (MFS) to include novel

transporters as well as transmembrane-acting enzymes.

Biochim Biophys Acta Biomembr, 2020, 1862: 183277

(111 24, 9MEE, Wi, 55, LR RIS & m ol ZOR Kot
Fuik . [EYIHORIE R, 2018, 34: 43-9

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

(23]

(24]

Perland E, Bagchi S, Klaesson A, et al. Characteristics of
29 novel atypical solute carriers of major facilitator
superfamily type: evolutionary conservation, predicted
structure and neuronal co-expression. Open Biol, 2017, 7:
170142

Holman GD. Structure, function and regulation of
mammalian glucose transporters of the SLC2 family.
Pflugers Arch, 2020, 472: 1155-75

Zare-Abdollahi D, Bushehri A, Alavi A, et al. MFSD8
gene mutations; evidence for phenotypic heterogeneity.
Ophthalmic Genet, 2019, 40: 141-5

Hu C, Tao L, Cao X, et al. The solute carrier transporters
and the brain: physiological and pharmacological
implications. Asian J Pharm Sci, 2020, 15: 131-44
Reiling JH, Clish CB, Carette JE, et al. A haploid genetic
screen identifies the major facilitator domain containing
2A (MFSD2A) transporter as a key mediator in the
response to tunicamycin. Proc Natl Acad Sci USA, 2011,
108: 11756-65

Moritake H, Obara M, Saito Y, et al. A mouse model
reveals that Mfsd2a is critical for unfolded protein
response upon exposure to tunicamycin. Human Cell,
2017, 30: 88-97

Toufaily C, Vargas A, Lemire M, et al. MFSD2a, the
syncytin-2 receptor, is important for trophoblast fusion.
Placenta, 2013, 34: 85-8

Spinola M, Falvella FS, Colombo F, et al. MFSD2A is a
novel lung tumor suppressor gene modulating cell cycle
and matrix attachment. Mol Cancer, 2010, 9; 9:62
Piccirillo AR, Hyzny EJ, Beppu LY, et al. The
lysophosphatidylcholine transporter MFSD2A is essential
for CD8" memory T cell maintenance and secondary
response to infection. J Immunol, 2019, 203: 117-26
MREAEE, TR, AR, & EEIRMBE R E A
2 AZESR I % F R T BRI ST E R [E PR bl 20 2 e
AMEEE R, 2018, 45: 198-202

Quek DQ, Nguyen LN, Fan H, et al. Structural insights
into the transport mechanism of the human sodium-
dependent lysophosphatidylcholine transporter MFSD2A.
J Biol Chem,2016, 291: 9383-94

A 890 R P9 B 32 A M fsd2a Jz FL B0 pL il
WHFE[D]. Jbat: LRI 54 B, 2019

FT, EEE, B, 5F. R EIMEsd2akE B 1 e B
AN FH AR L RN, SLIeshY 5 LR 2%, 2019,
39: 178-86

Ben-Zvi A, Lacoste B, Kur E, et al. Mfsd2a is critical for
the formation and function of the blood-brain barrier.
Nature, 2014, 509: 503-6

Zhao Z, Nelson AR, Betsholtz C, et al. Establishment and
dysfunction of the blood-brain barrier. Cell, 2015, 163:
1064-78

Obermeier B, Daneman R, Ransohoff RM, et al.
Development, maintenance and disruption of the blood-
brain barrier. Nat Med, 2013, 19: 1584-96

Engelhardt B, Liebner S. Novel insights into the
development and maintenance of the blood-brain barrier.
Cell Tissue Res, 2014, 355: 687-99



G gEEd

33%:

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[39]

[40]

Hwang SR, Kim K. Nano-enabled delivery systems across
the blood-brain barrier. Arch Pharm Res, 2014, 37: 24-30
Hawkins B T, Lundeen T F, Norwood K M, et al.
Increased blood-brain barrier permeability and altered
tight junctions in experimental diabetes in the rat:
contribution of hyperglycaemia and matrix metallo-
proteinases. Diabetologia, 2007, 50: 202-11

Tietz S, Engelhardt B. Brain barriers: crosstalk between
complex tight junctions and adherens junctions. J Cell
Biol, 2015, 209: 493-506

Knowland D, Arac A, Sekiguchi KJ, et al. Stepwise
recruitment of transcellular and paracellular pathways
underlies blood-brain barrier breakdown in stroke.
Neuron, 2014, 82: 603-17

Zhang J, Liu H, Du X, et al. Increasing of blood-brain
tumor barrier permeability through transcellular and
paracellular pathways by microbubble-enhanced diagnostic
ultrasound in a C6 glioma model. Front Neurosci, 2017,
11: 86

Armulik A, Genové G, Méde M, et al. Pericytes regulate
the blood-brain barrier. Nature, 2010, 468: 557-61

Eser Ocak P, Ocak U, Sherchan P, et al. Overexpression of
Mfsd2a attenuates blood brain barrier dysfunction via
Cav-1/Keap-1/Nrf-2/HO-1 in a rat model of surgical brain
injury. Exp Neurol, 2020, 326: 113203

Eser Ocak P, Ocak U, Tang J, et al. The role of caveolin-1
in tumors of the brain - functional and clinical
implications. Cell Oncol (Dordr), 2019, 42: 423-47
Andreone BJ, Chow BW, Tata A, et al. Blood-brain barrier
permeability is regulated by lipid transport-dependent
suppression of caveolae-mediated transcytosis. Neuron,
2017, 94: 581-94

Wang Z, Zheng Y, Wang F, et al. Mfsd2a and Spns2 are
essential for sphingosine-1-phosphate transport in the
formation and maintenance of the blood-brain barrier. Sci
Adv, 2020, 6: caay8627

Chan JP, Wong BH, Chin CF, et al. The lysolipid
transporter Mfsd2a regulates lipogenesis in the developing
brain. PLoS Biol, 2018, 16: €2006443

Wong BH, Chan JP, Cazenave-Gassiot A, et al. Mfsd2a is
a transporter for the essential -3 fatty acid docosahexaenoic
acid (DHA) in eye and is important for photoreceptor cell
development. J Biol Chem, 2016, 291: 10501-14

Akerele OA, Cheema SK. Maternal diet high in -3 fatty
acids upregulate genes involved in neurotrophin signalling
in fetal brain during pregnancy in C57BL/6 mice.
Neurochem Int, 2020, 138: 104778.

RFE, BT, T BALRE DR 78 SR 1 i Mfsd2a ) i 57E
HERE . A - WA - 52 4%, 2019, 31: 86-8

Cui L, Wang H, Lu X, et al. Effects of individually
silenced N-glycosylation sites and non-synonymous
single-nucleotide polymorphisms on the fusogenic
function of human syncytin-2. Cell Adh Migr, 2016, 10:
39-55

Esnault C, Priet S, Ribet D, et al. A placenta-specific
receptor for the fusogenic, endogenous retrovirus-derived,
human syncytin-2. Proc Natl Acad Sci USA, 2008, 105:

[45]

[46]

[48]

[49]

[50]

[51]

[56]

[57]

[58]

[59]

[60]

[61]

17532-7

Liang C, Wang L, Chen C, et al. GCM1 regulation of the
expression of syncytin 2 and its cognate receptor
MFSD2A in human placenta. Biol Reprod, 2010, 83: 387-
95

Caroline T, Vargas AY, Guillaume S, et al. Galectin-1
interacts with the human endogenous retroviral envelope
protein syncytin-2 and potentiates trophoblast fusion in
humans. FASEB J, 2019, 33: 12873-87

Berger JH, Charron MJ, Silver DL, et al. Major facilitator
superfamily domain-containing protein 2a (MFSD2A) has
roles in body growth, motor function, and lipid metabolism.
PLoS One, 2017, 7: 50629

Bazan NG. Cell survival matters: docosahexaenoic acid
signaling, neuroprotection and photoreceptors. Trends
Neurosci, 2006, 29: 263-71

Chow BW, Gu C. Gradual suppression of transcytosis
governs functional blood-retinal barrier formation.
Neuron, 2017, 93: 1325-33

Wang Z, Liu CH, Huang S, et al. Wnt signaling activates
MFSD2A to suppress vascular endothelial transcytosis
and maintain blood-retinal barrier. Sci Adv, 2020, 6:
eaba7457

Lobanova ES, Schuhmann K, Finkelstein S, et al.
Disrupted blood-retina lysophosphatidylcholine transport
impairs photoreceptor health but not visual signal
transduction. J Neurosci, 2019, 39: 9689-701

Karlawish J, Jack CR Jr, Rocca WA, et al. Alzheimer's
disease: the next frontier - Special Report 2017. Alzheimers
Dement, 2017, 13: 374-380

Pohanka M. Oxidative stress in Alzheimer disease as a
target for therapy. Bratisl Lek Listy, 2018, 119: 535-43
Patrick RP. Role of phosphatidylcholine-DHA in preventing
APOE4-associated Alzheimer's disease. FASEB J, 2019,
33: 1554-64

Teng E, Taylor K, Bilousova T, et al. Dietary DHA
supplementation in an APP/PS1 transgenic rat model of
AD reduces behavioral and AP pathology and modulates
AP oligomerization. Neurobiol Dis, 2015, 82: 552-60
Casali BT, Corona AW, Mariani MM, et al. Omega-3 fatty
acids augment the actions of nuclear receptor agonists in a
mouse model of Alzheimer's disease. J Neurosci, 2015,
35:9173-81

Trépanier M, Hopperton KE, Orr SK, et al. N-3 polyunsaturated
fatty acids in animal models with neuroinflammation: an
update. Eur J Pharmacol, 2016, 785: 187-206

Hashimoto M, Hossain S, Al Mamun A, et al. Docosahexaenoic
acid: one molecule diverse functions. Crit Rev Biotechnol,
2017, 37: 579-97

Quinn JF, Raman R, Thomas RG, et al. Docosahexaenoic
acid supplementation and cognitive decline in Alzheimer
disease: a randomized trial. JAMA, 2010, 304: 1903-11
Bazinet RP, Laye S. Polyunsaturated fatty acids and their
metabolites in brain function and disease. Nat Rev
Neurosci, 2014, 15: 771-85

Montagne A, Zhao Z, Berislav V, et al. Alzheimer’s
disease: a matter of blood-brain barrier dysfunction. J Exp



di, %

L F E P R s R AR SR G R R 1 2a BT T e

427

[66]

[69]

[70]

(72]

[73]

Med, 2017, 214: 3151-69

Heppner FL, Ransohoff RM, Becher B. Immune attack:
the role of inflammation in Alzheimer disease. Nat Rev
Neurosci, 2015, 16: 358-72

O'Brown NM, Megason SG, Gu C. Suppression of
transcytosis regulates zebrafish blood-brain barrier
function. Elife, 2019, 8: e47326

Maria S, Maria R, Antonio G, et al. Decreased blood level
of MFSD2a as a potential biomarker of Alzheimer's
disease. Int J Mol Sci, 2019, 21: E70

Zhao C, Ma J, Wang Z, et al. Mfsd2a attenuates blood-
brain barrier disruption after sub-arachnoid hemorrhage
by inhibiting caveolae-mediated transcellular transport in
rats. Transl Stroke Res, 2020, 11: 1012-27

Yang YR, Xiong XY, Liu J, et al. Mfsd2a (major facilitator
superfamily domain containing 2a) attenuates intracerebral
hemorrhage-induced blood-brain barrier disruption by
inhibiting vesicular transcytosis. J Am Heart Assoc, 2017,
6: 005811

He YJ, Xu H, Fu YJ, et al. Intraperitoneal hypertension, a
novel risk factor for sepsis-associated encephalopathy in
sepsis mice. Sci Rep, 2018, 8: 8173

Qu C, Song H, Shen J, et al. Mfsd2a reverses spatial
learning and memory impairment caused by chronic
cerebral hypoperfusion via protection of the blood-brain
barrier. Front Neurosci, 2020, 14: 461

Naveed M, Kazmi SK, Amin M, et al. Comprehensive
review on the molecular genetics of autosomal recessive
primary microcephaly (MCPH). Genet Res (Camb), 2018,
100: e7

Guemez-Gamboa A, Nguyen LN, Yang H, et al.
Inactivating mutations in MFSD2A, required for omega-3
fatty acid transport in brain, cause a lethal microcephaly
syndrome. Nat Genet, 2015, 47: 809-13

Alakbarzade V, Hameed A, Quek DQ, et al. A partially
inacti vating mutation in the sodium-dependent
lysophosphatidylcholine transporter MFSD2A causes a
non-lethal microcephaly syndrome. Nat Genet, 2015, 47:
814-7

Harel T, Quek DQY, Wong BH, et al. Homozygous
mutation in MFSD2A, encoding a lysolipid transporter for
docosahexanoic acid, is associated with microcephaly and
hypomyelination. Neurogenetics, 2018, 19: 227-35
Razmara E, Azimi H, Tavasoli AR, et al. Novel neuroclinical
findings of autosomal recessive primary microcephaly 15

[74]

[76]

(78]

[79]

(80]

(83]

in a consanguineous Iranian family. Eur J] Med Genet,
2020, 63: 104096

Scala M, Chua GL, Chin CF, et al. Biallelic MFSD2A
variants associated with congenital microcephaly,
developmental delay, and recognizable neuroimaging
features. Eur J Hum Genet, 2020, 28: 1509-19
Prieto-Sanchez M, Blanco-Carnero JE, Ruiz-Palacios M,
et al. Increased alkaline phosphatase in cord blood of
obese diabetic mothers is associated to polyunstaurated
fatty acid levels. Ann Nutr Metab, 2019, 75: 153-62
Sanchez-Campillo M, Ruiz-Palacios M, Ruiz-Alcaraz AJ,
et al. Child head circumference and placental MFSD2a
expression are associated to the level of MFSD2a in
maternal blood during pregnancy. Front Endocrinol
(Lausanne), 2020, 11: 38

Pauter AM, Trattner S, Gonzalez-Bengtsson A, et al. Both
maternal and offspring Elovl2 genotypes determine
systemic DHA levels in perinatal mice. J Lipid Res, 2017,
58:111-23

Krishna RM, Zhou S. Stability and analysis of eicosanoids
and docosanoids in tissue culture media.Prostaglandins
Other Lipid Mediat, 2011, 94: 59-72

Maddipati KR, Romero R, Chaiworapongsa T, et al.
Clinical chorioamnionitis at term: the amniotic fluid fatty
acyl lipidome. J Lipid Res, 2016, 57: 1906-16

Ungaro F, Tacconi C, Massimino L, et al. MFSD2A
promotes endothelial generation of inflammation-resolving
lipid mediators and reduces colitis in mice. Gastroenterology,
2017, 153: 1363-77

Tiwary S, Morales JE, Kwiatkowski SC, et al. Metastatic
brain tumors disrupt the blood-brain barrier and alter lipid
metabolism by inhibiting expression of the endothelial cell
fatty acid ttransporter Mfsd2a. Sci Rep, 2018, 8: 8267
Xing S, Kan J, Su A, et al. The prognostic value of major
facilitator superfamily domain-containing protein 2A in
patients with hepatocellular carcinoma. Aging (Albany
NY), 2019, 11: 8474-83

Chen S, Zheng Z, Tang J, et al. Association of polymorphisms
and haplotype in the region of TRIT1, MYCLI and
MFSD2A with the risk and clinicopatho-logical features
of gastric cancer in a southeast Chinese population.
Carcinogenesis, 2013, 34: 1018-24

Xi S, Huang Y, Wang H, et al. MFSD2A expression
predicts better prognosis in gastric cancer. Biochem
Biophys Res Commun, 2018, 505: 699-704



