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Abstract

Lutein is a fat-soluble carotenoid present in various kinds of food, such as green leafy vegetables
and eggs. The utilization of lutein in human body, including digestion, absorption, transport and
metabolism, is associated with lipids. The digestion and absorption of lutein from food require the
participation of fat. Both the amount and quality of dietary fat could influence the bioavailability
of lutein. In circulation, lutein is transported in serum with lipoprotein. The percentage distribu-
tion of lutein varies among different lipoproteins, and serum cholesterol level could influence its
transport efficiency. Furthermore, the lipid receptors, lipid-related hormone and gene play an
important role on the tissue utilization of lutein. In this article, we reviewed the roles of lipids in
the biological utilization of lutein in human body and trying to provide some beneficial informa-
tion on the dietary supplement of luteinin population.
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2, AfEEK. Rk, 2. REETEYSREREETNRR. BRHERROBELRETEESMERS
5, BREHNRSEIYMEENFIRE. £EFS, HRRFTESRREEO EELRTEH.
EARBEEA PRI FERRNER, MREEEMENSEYTREWIEERE, Wit MK
FMRZE, BERNBREHEROASFALETRFEEER . 2CELZRERETERAGE
YRR PR, BOSHEREATARTIRERHGER.
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1. 53|

M3 R MR RE MR, EREASMER. SE, R EEEE. RE AR
RIS bR EEmIL 30~50 i, {H R 10~15 FhE MLIE H REBE AN 2, i EAL PR A AFAE T 35 3
FORTE RN IE E KRB R[] A3 IR BRI DIV LS SO Rt s e i e — B B 9%
UFMIE Y

ZOURAT RO R, TR RZ AR 5 2 P P L M (age-related macular degeneration, AMD)
[2]+ BBk HEAE 1L (atherosclerosis, AS) [3]. Bl R ¥ iHEBR i (alzheimer’s disease, AD) [4]548 11 1R AT 11 5w
SR XU RO, AELIG R T TR 72 200 R BT AMD. AD BAT B3 B 1 80n . Hom] R SR A N BE
BERFIURAE 1) Z2 5 52 T BT 4 e W FOR IR B AR G E . ZERIAE s Rl Y AL AR
F A S0 B A A [5]-[7], R T HE RN RI, ML 8 R A ORI R+ oy L, HAR
SR RE 2 RN N AR 8 AN TR BOR o ASORE X AR S LR R B R i R P AR AT
LRI, U E R AR AR IR SR 2515 R

2. HEEAK, SR

BV ER, W SEARS S, M RYET T, EHERE T DR R,
TN — 5 BERIMAE, BEUSA R it i S R AV AR AESh ) SEIe TR B, R R M 5 AN 0% i 21
600 LA, LI R B A AT L RORAE 6% EETERE Y, SR AR T AR B R
SR IN[E]. AR IR R TT YOI OUT i OGS I 2 2 AR M) P 6 (R R it RO 52 3 R
NN BRI R IIC A . AR ARSI, A IR R R B B AR R P R B 2 R RS R /MK
UONMER > WRRIR > SR > AR, HHEASMEA AR, Sl e SR e et
PR RS, RO i R fee e, LRI RE SR DDV RN i ' SR (5] R TR, R RN I
L HAADFEIREF M i 3R AR (6] ABERE TN o, MR A S HM =M S R R R A %)
R[]

N2 5B RAEIE N Y HUE DI % . WiE W B SRERRH SLA BRI AL J5 2T BB,
FLRSC o CLARIEIR PRSI L 0 OB A A BB o URORE AT B M R AR i T R oG BE . R
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B AT AR SRR, H I 2 B KON R B K L e R A R, 78 AARIREE S5 T B BT RS,
TESEK I TE Ry B AR R R, W R R EEME T IR, TR RLAE i iE Ak [9]. e
& BEAS ph 18 DA A BRI PRI 8 FORAR P IS 2R R R T s 3R A 2R bR B IR [10]. e
FIY BRI AR RCR B35 s AR s, S AR R 4B R R A R S

Ji TE TR IR 28 B B A s 7 [ 52 i Jip i i 4 PR T B 2R e B ST R, A AE VA I DRI
B DL R K22 38 Caco-2 4HMIXT AR N3 IHEEL, 1M OR Wl ks 2> ) Ol [11] o ZhA st R B,
MR RS SRR IR IR R S S A OC . — IR T IR BE AR S HI I B AR, T 22 IR A T B A {2
T FLAE N T8 A R WRIAT o  ITL  T D) i  JC PR AT, K v 3 B AE ST IR R 1 B [12], R OR AR 7 AE
J & K A I SN G IS 77 e RAEAE FH[13]. RABEIE S s RIR G, S EIFRE, KK et
FRWMCRF DAY, SE@EHFIML, TN 4.6 f5[14]. & S IRRA0EE AL S EE AL e (2 it - 3K
R, A 2R i B R R R N 5.1 fi5[15]. AR IR R M RAFRIE, RN 1.5 N
BN A 1 2K AN 2 m MAR[16], XS8-S HAR RS — RN, Be% 3G i HAth ok Js i 35 22 1R
WCRL7], SR ORI AE T s ZR i b i B 2 .

BRI S RIS N b A ) B R 3R . SRR D R A URORL 18 B i 1E 40 i =
BT B B 7 ST, W IR FE R IR T A . (RSN SRIG R I, AR N RIS MRk S
5 N\# bR Caco-2 ZNRAHENE A, RIAE M RAH/KME SRS N R eI m £PIEF >, XL
W EE R, R R PTRR I A By B L g N R R, PR K It P o B Al 4 o i 4
MU RE S5 [11]. SRT, AHECECT S, B 7 LAY 807 g Aok, w3 5 n] Read i FF e 1 iR 28 %
ITEEHEAT, 0 5i58 R3Z24K 1 (scavenger receptor class B type 1, SR-B)45& . RSN L, NG
FBOAGUAIH T SR-BIIHIE )5, Hot s e 70 ) T 57%A0 30%, R iZ@ M R s i 2
(1) AR I [18] o K H FERE 259 e ts 3 FRAIC B-5A %Y I SRS e, T T - 38 28 AR W WSC2 o A BH J2 [ 19],
k0 R WM 3 AR R K A 18 8 IE .

3. MERVBEFEQSHRREE

3R R NRAEM RS MR, EMREFR T REEEBEA DS, K% %55 9 E & i (LDL-C)
ey B P52 T 2 1 JIH [ BE(HDL-C) N P Fh S5 s R A Ie B VDA R I B d 1, s R AE W b 40T L ) A
%], HDL-C: LDL-C W3 2ty 3:1. ABEWRFLR I, FE QA% b3 52%0 35 2 F 44% (1) £ oK 3%
Z i HDL-C ¥z, 22%H LDL-C #iz; 1 p 8% M3 . &4 R N 50%~70%% LDL-C #4128, 20%~25%
HH HDL-C ¥i8[20]. fEsi¥sEsbr kB, {EARMELZ HDL-C (IS HL R, IR Y - 35 28 7K SPAX 43
SRR ) 9% 6% . SKH iR S ERE A S, S MR IR OIE In, AFAR I B R
IKPAL R 1) 6% [21] o X TR F.45 SR BH , W38 2 M I THURR I 8 2 i i A v 32 BEAK 58 HDL-C 147
K BERR2)EAAb T SRR 25T INEE G, vl gl K S E B2, LDL-C, oxLDL-C Al C-J N & H
AP R R, TR R R 3 K N R (HREMAR S, Mt 2 k2 EAPRE, fEnrk
il TS5 B A 259 H A2 5 N AR IH- 35 2% AR F 28R [22] o R A RS 888 e BT U B s L AR A AN I 3
I A A BH ] B2 A LDL-C R FE 35 R R, T AN 520 2R 38 3K o IR LERFFU R B, 2RI 38 3K 2 22
S v P AR IR [ B AT IS R, R B AR D VR AN S R R KA AR R S R A

WAL, BEFCRAR, B E LR A i R ot S A e (R A S A AN LA SRR A AE 2 . N
B IR T OF 0 R) S5 E & R & YIRS o5 & LR 82 1A N A SLBCIRAS s b S A3
JI 2 1 JE [ 7 (ox LD L) 7K ~F+[23], #&m LDL-C RL7 i RF[24]. MiE 3R AT 0] LDL-C JLAEXUR A
TERG, /D HAEAE . BT A IR B2 G 2R 2 SR FE AL I 6 3 K1, LDL-C K ¥R/ H
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4. HERFRMMEFHSER

3% AR NN RIEZ TP AV DEE, Hh SOy EZ RN EA M Rk PRIk, S5
P4 2 (Macular Pigment, MP). 2 UK (1) NBERE 90 27, 3 3R RN & M NARIKSP 5 2 4F 5 B AR P
(AMD)FF1 A I3 B AH G o 2 4F S BEAR V& — RS T 1 (I BUE PERR R, 7EFRE 50 %7 LA B NHEH R R ik
5%, H G HEZENEGERE. KM GWS BFFL RV, AMD B3 b 5 g AU A% 12 AH 5 (1) 2 A s
SAFAEAR R [25], $7m e AU AR G Tk (R AT fi 2 5 i 400 o9 JSS 0T W 8 3% PR SR EURIR A o [RDENF S T 98 R AL I
i3 Bt (6 3 %% & (Macular pigment optical density, MPOD) B A5 it 4% [ 26] [27], ZE K ¥ T A MPOD70%
(78 S5 B AN 300% 1R AN FE I 35 22 512 ) MPOD 2846 [28]. IR SURff e IR, 5 IRSARITA S i SE 1A
AR S, P RE2 s I B SR AEAR A BN, AT 20 AMD [ TIBTT S50 77 RUCR -

W9 KI5 HDL-C AH G EE K FE AMD A0 R 3 B EE Dl e, 32 B BRI A 405 1 K 52k B Sk
| Y(SCARB1), R5E#% 36(CD36), # /I 4 E(APOE)FH< LA

THIE RS2 PR B 25 1 AL (SR-BI), —Fh 4l a3k [l CD36 8 X ik FE & (1, X HDL HAA R SR 45 & 1EFH
7E AREDS W5t 1 & Bl SR-BI JE RIf7 £i(rs10744182) 5 MPOD [ 8 B (4 25 /K P A8 A9 [29] . A Ah— T
7222 81, SR-BI F [RI 437 41 (rs5888) 4% 73 5 £t SR-BI Ak /b [30], [H] 38 i A#EH AMD ) 9 XU (OR
= 2.9, 95% CI:1.6-5.3) [31]. [Fi}, £ CAREDS #f7i4 & I, SR-BI %K AMD A A AHSG, FFH 5L
T S S v B RV FE AR DG [32] o TR RE AN HE A I T 45 SRR, N AR IR i3 36 I I 2 3R B Y
g R S AL YA O, EdE SR-BI JEK[33]. shA R ARSMSEEG T ST 45 SRR, SR-BI 5 EKE RN
W DIAHDG, SR-BI iR/ BRI L LA SR R . MR SZ 2R AP I S W% JZ E5 # 5EL, IR Hi3L Bruch
JEERI IS S [34] 0 HhAh, SR-BI-/-/IN BRI ik 2% 65 b fice J5 8 448 1 S o5 23 A IO R, K28 R J i A e /K P B4 A (5
EWEL A BE AL D) R SR-BIT/INR I A RIL I B B T B A A TR, (BRI s 4 A% 2 v I 65 P
Y A K N (VEGF) IR IA G N [34] . IXUERHIE S5 AR AMD i BRARFAE 70 254, $27R SR-BI 2k
ERIE 35 B (0, 25 i 5328 . AMD &9 th LA S B .

WAL, WEFT R I CD36 A AT e A2 55 40 0 JisE b 3 B €1 3R 4 TR DA OC 1) i AR i 4 5 5 . CD36
R—FiFEEN, 25 HDL-C ARSI LDL-C szt fe, JEnTRext Mg it iz R AIER. R
BT TR, CD36 53 2 AR N 2 SR A 538, (H LR iR a4 AR 8 A DG B AL 2
SN, Bk 48 I 1L J2 1 T I 45 X3 AT HH I 100%~3009% 1138 )5, $27r 25 5 AMD i F2 . /RSN 55 R R,
CD36 Z 5 R MHRHL, BHIZ A2 74k 5 35 vl i 17 2 2O 35 25 A4 RE 71 [35] - 72 h I R (A 78 R
L, CD36 XM e WA T s R A5 A R e YR iRl /E FH[36] . Borel Z87E—ANBABIAR 58k
I, CD36 JER ) — M i (rs1761667) 5 3 B (0 R % A2 [37]. Kondo 5 &8, £ 19 AN 5k i g 7Y
AMD 2] CD36 LRI A, H#EHF N rs3173798 Al rs3211883 JE KA i i N FF 5 HoAh AFERA L, 9
AR T % 50% [38].

#JIE % A E (apolipoprotein E, apoE) & R ARUd A2 i —Fh EZ 58 1, X T HDL-C. FLEEfIR &
WA 55 B S 25 11 (VLD L) ) 1E % 23 AR Uit 28 5 EL % . apoE MR LDL-C Al HDL-C [ B4y, af 5%
B E, A sk . APOE £ DNA Z&Mx AMD R4 KB+ EE, KA apoE
AL TSP 4 7 2 — o FEREFR APOE JE[Rff) C57BL/6 /N, 28 TARMETRIMESR f5, SEFARLN
BRAHEL, MR o 3 2RI B2 R % 50%, (H FORBERIRE LR, ABFEF R KL, APOE R %
At MPOD WK JE % JIAH % . Loane 25K B, #5717 APOEed %57 3 [K [ MA 5 AN 5 (1 AMA M L, MPOD
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B 1 1 [39] . Adams S5 38 95 51 X FEHF FC R B, APOEe2 25 3 [RIH i AMD A9 XU, 5 WARCR
A, 76 24 HT W % o APOEe4 254 5L Jy 5L 5] AMD R4 PR 2 [40]. — T & 1 15 TiHF 5L Meta
IIHTEE R, TEHEE T AERS MR B WRIR A JE R B, APOEed A1 35Ky AMD {414 R & , 1fi APOEE2
SERLEEIN Y AMD (el IR 2R [41], AEAE A B PO N 309 K 30 APOE £E K] rs2075650 17 5 513 fg
A AMD [JRIeME[42]. BAA—TZ . KEWEF KB, 7 APOErs4420638 fi7 firf, A ZEfrE[H 2
BT AMD I falG R K [25].

R TR R, NAARAR R R L S AR 1 3R AR LN 22 25 T g 2 5 M R PO T 1 2% P B B 5
F, MM AMD S50 IR AR FI R T o« IR NI S I S AH DG 35 R 7E N AR I 2 22 01 R S e 22 o ) 1
FHX T 5 3 AN N1 5, Pl R AR R e B L

5. HiRGIRMRE

LREPTE, MERAEMTRIHEAL . Wk, Foia AR R R BB . A SRR OG I
DR PR AR 7 2 S M I 24 2 AN A R S R o e s R T A R R o DRI, ik — D BT I 2 B L
RIS A ANIE DA AE i 3 BN AL RE R A 2R, R B e MR B B3 AN 0T 5 DA i 3 351
M, SEE AT PG

E&WE

WA H A AR H (2015R423062); WiV H AR FE 475 458 4 H (LQ15H260002);  [E 5K H 4k
41 E I H (81273063)

SE#k (References)

[1] Bernstein, P.S., Li, B., Vachali, P.P., Gorusupudi, A., Shyam, R., Henriksen, B.S. and Nolan, J.M. (2016) Lutein,
Zeaxanthin, and Meso-Zeaxanthin: The Basic and Clinical Science Underlying Carotenoid-Based Nutritional Interven-
tions against Ocular Disease. Progress in Retinal and Eye Research, 50, 34-66.
http://dx.doi.org/10.1016/j.preteyeres.2015.10.003

[2] Scripsema, N.K., Hu, D.N. and Rosen, R.B. (2015) Lutein, Zeaxanthin, and Meso-Zeaxanthin in the Clinical Manage-
ment of Eye Disease. Journal of Ophthalmology, 2015, 865179.

[3] Dwyer, J.H., Navab, M., Dwyer, K.M., Hassan, K., Sun, P., Shircore, A., Hama-Levy, S., Hough, G., Wang, X., Drake,
T., Merz, C.N. and Fogelman, A.M. (2001) Oxygenated Carotenoid Lutein and Progression of Early Atherosclerosis:
The Los Angeles Atherosclerosis Study. Circulation, 103, 2922-2927. http://dx.doi.org/10.1161/01.CIR.103.24.2922

[4] Min, J.Y.and Min, K.B. (2014) Serum Lycopene, Lutein and Zeaxanthin, and the Risk of Alzheimer’s Disease Mortal-
ity in Older Adults. Dementia and Geriatric Cognitive Disorders, 37, 246-256. http://dx.doi.org/10.1159/000356486

[5] Lakshminarayana, R., Raju, M., Krishnakantha, T.P. and Baskaran, V. (2007) Lutein and Zeaxanthin in Leafy Greens
and Their Bioavailability: Olive Oil Influences the Absorption of Dietary Lutein and Its Accumulation in Adult Rats.
Journal of Agricultural and Food Chemistry, 55, 6395-400. http://dx.doi.org/10.1021/jf070482z

[6] Goltz, S.R., Campbell, W.W., Chitchumroonchokchai, C., Failla, M.L. and Ferruzzi, M.G. (2012) Meal Triacylglycerol
Profile Modulates Postprandial Absorption of Carotenoids in Humans. Molecular Nutrition & Food Research, 56,
866-877. http://dx.doi.org/10.1002/mnfr.201100687

[71 O’Neill, M.E. and Thurnham, D.I. (1998) Intestinal Absorption of Beta-Carotene, Lycopene and Lutein in Men and
Women Following a Standard Meal: Response Curves in the Triacylglycerol-Rich Lipoprotein Fraction. British Jour-
nal of Nutrition, 79, 149-159. http://dx.doi.org/10.1079/BJN19980026

[8] Schaeffer, J.L. and Hamilton, P.B. (1990) Effect of Dietary Lipid on Lutein Metabolism during Aflatoxicosis in Young
Broiler Chickens. Poultry Science, 69, 53-59. http://dx.doi.org/10.3382/ps.0690053

[9] Rich, G.T., Faulks, R.M., Wickham, M.S. and Fillery-Travis, A. (2003) Solubilization of Carotenoids from Carrot
Juice and Spinach in Lipid Phases: 1l. Modeling the Duodenal Environment. Lipids, 38, 947-956.
http://dx.doi.org/10.1007/s11745-003-1148-z

[10] Rich, G.T., Bailey, A.L., Faulks, R.M., Parker, M.L., Wickham, M.S. and Fillery-Travis, A. (2003) Solubilization of



http://dx.doi.org/10.1016/j.preteyeres.2015.10.003
http://dx.doi.org/10.1161/01.CIR.103.24.2922
http://dx.doi.org/10.1159/000356486
http://dx.doi.org/10.1021/jf070482z
http://dx.doi.org/10.1002/mnfr.201100687
http://dx.doi.org/10.1079/BJN19980026
http://dx.doi.org/10.3382/ps.0690053
http://dx.doi.org/10.1007/s11745-003-1148-z

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Carotenoids from Carrot Juice and Spinach in Lipid Phases: I. Modeling the Gastric Lumen. Lipids, 38, 933-945.
http://dx.doi.org/10.1007/s11745-003-1147-0

Sugawara, T., Kushiro, M., Zhang, H., Nara, E., Ono, H. and Nagao, A. (2001) Lysophosphatidylcholine Enhances
Carotenoid Uptake from Mixed Micelles by Caco-2 Human Intestinal Cells. Journal of Nutrition, 131, 2921-2927.

Baskaran, V., Sugawara, T. and Nagao, A. (2003) Phospholipids Affect the Intestinal Absorption of Carotenoids in
Mice. Lipids, 38, 705-711. http://dx.doi.org/10.1007/s11745-003-1118-5

Lakshminarayana, R., Raju, M., Krishnakantha, T.P. and Baskaran, V. (2006) Enhanced Lutein Bioavailability by Ly-
so-Phosphatidylcholine in Rats. Molecular and Cellular Biochemistry, 281, 103-110.
http://dx.doi.org/10.1007/s11010-006-1337-3

Shanmugam, S., Park, J.H., Kim, K.S., Piao, Z.Z., Yong, C.S., Choi, H.G. and Woo, J.S. (2011) Enhanced Bioavaila-
bility and Retinal Accumulation of Lutein from Self-Emulsifying Phospholipid Suspension (SEPS). International
Journal of Pharmaceutics, 412, 99-105. http://dx.doi.org/10.1016/j.ijpharm.2011.04.015

Unlu, N.Z., Bohn, T., Clinton, S.K. and Schwartz, S.J. (2005) Carotenoid Absorption from Salad and Salsa by Humans
Is Enhanced by the Addition of Avocado or Avocado Oil. Journal of Nutrition, 135, 431-436.

van der Made, S.M., Kelly, E.R., Berendschot, T.T., Kijlstra, A., Lutjohann, D. and Plat, J. (2014) Consuming a But-
termilk Drink Containing Lutein-Enriched Egg Yolk Daily for 1 Year Increased Plasma Lutein but Did Not Affect Se-
rum Lipid or Lipoprotein Concentrations in Adults with Early Signs of Age-Related Macular Degeneration. The Jour-
nal of Nutrition, 144, 1370-1377. http://dx.doi.org/10.3945/jn.114.195503

Kim, J.E., Gordon, S.L., Ferruzzi, M.G. and Campbell, W.W. (2015) Effects of Egg Consumption on Carotenoid Ab-
sorption from Co-Consumed, Raw Vegetables. The American Journal of Clinical Nutrition, 102, 75-83.
http://dx.doi.org/10.3945/ajcn.115.111062

Reboul, E., Abou, L., Mikail, C., Ghiringhelli, O., Andre, M., Portugal, H., Jourdheuil-Rahmani, D., Amiot, M.J., Lai-
ron, D. and Borel, P. (2005) Lutein Transport by Caco-2 TC-7 Cells Occurs Partly by a Facilitated Process Involving
the Scavenger Receptor Class B Type | (SR-BI). Biochemical Journal, 387, 455-461.
http://dx.doi.org/10.1042/BJ20040554

O’Sullivan, L., Aisling, S.A. and O’Brien, N.M. (2009) Investigation of Beta-Carotene and Lutein Transport in Caco-2
Cells: Carotenoid-Carotenoid Interactions and Transport Inhibition by Ezetimibe. International Journal for Vitamin
and Nutrition Research, 79, 337-347. http://dx.doi.org/10.1024/0300-9831.79.56.337

Wang, W., Connor, S.L., Johnson, E.J., Klein, M.L., Hughes, S. and Connor, W.E. (2007) Effect of Dietary Lutein and
Zeaxanthin on Plasma Carotenoids and Their Transport in Lipoproteins in Age-Related Macular Degeneration. The
American Journal of Clinical Nutrition, 85, 762-769.

Connor, W.E., Duell, P.B., Kean, R. and Wang, Y. (2007) The Prime Role of HDL to Transport Lutein into the Retina:
Evidence from HDL-Deficient WHAM Chicks Having a Mutant ABCA1 Transporter. Investigative Ophthalmology &
Visual Science, 48, 4226-4231. http://dx.doi.org/10.1167/iovs.06-1275

Ryden, M., Leanderson, P., Kastbom, K.O. and Jonasson, L. (2012) Effects of Simvastatin on Carotenoid Status in
Plasma. Nutrition, Metabolism and Cardiovascular Diseases, 22, 66-71.
http://dx.doi.org/10.1016/j.numecd.2010.04.009

Kay, C.D., Gebauer, S.K., West, S.G. and Kris-Etherton, P.M. (2010) Pistachios Increase Serum Antioxidants and
Lower Serum Oxidized-LDL in Hypercholesterolemic Adults. The Journal of Nutrition, 140, 1093-1098.
http://dx.doi.org/10.3945/jn.109.117366

Mutungi, G., Waters, D., Ratliff, J., Puglisi, M., Clark, R.M., Volek, J.S. and Fernandez, M.L. (2010) Eggs Distinctly
Modulate Plasma Carotenoid and Lipoprotein Subclasses in Adult Men Following a Carbohydrate-Restricted Diet. The
Journal of Nutritional Biochemistry, 21, 261-267. http://dx.doi.org/10.1016/j.jnutbio.2008.12.011

Fritsche, L.G., Chen, W., Schu, M., Yaspan, B.L., Yu, Y., Thorleifsson, G., Zack, D.J., Arakawa, S., Cipriani, V.,
Ripke, S., Igo Jr., R.P., Buitendijk, G.H., Sim, X., Weeks, D.E., Guymer, R.H., Merriam, J.E., Francis, P.J., Hannum,
G., Agarwal, A., Armbrecht, A.M., Audo, I., Aung, T., Barile, G.R., Benchaboune, M., Bird, A.C., Bishop, P.N.,
Branham, K.E., Brooks, M., Brucker, A.J., Cade, W.H., Cain, M.S., Campochiaro, P.A., Chan, C.C., Cheng, C.Y.,
Chew, E.Y., Chin, K.A., Chowers, 1., Clayton, D.G., Cojocaru, R., Conley, Y.P., Cornes, B.K., Daly, M.J., Dhillon, B.,
Edwards, A.O., Evangelou, E., Fagerness, J., Ferreyra, H.A., Friedman, J.S., Geirsdottir, A., George, R.J., Gieger, C.,
Gupta, N., Hagstrom, S.A., Harding, S.P., Haritoglou, C., Heckenlively, J.R., Holz, F.G., Hughes, G., loannidis, J.P.,
Ishibashi, T., Joseph, P., Jun, G., Kamatani, Y., Katsanis, N., C.N.K., Khan, J.C., Kim, I.K., Kiyohara, Y., Klein, B.E.,
Klein, R., Kovach, J.L., Kozak, I., Lee, C.J., Lee, K.E., Lichtner, P., Lotery, A.J., Meitinger, T., Mitchell, P., Mo-
hand-Said, S., Moore, A.T., Morgan, D.J., Morrison, M.A., Myers, C.E., Naj, A.C., Nakamura, Y., Okada, Y., Orlin,
A., Ortube, M.C., Othman, M.1., Pappas, C., Park, K.-H., Pauer, G.J., Peachey, N.S., Poch, O., Priya, R.R., Reynolds,
R., Richardson, A.J., Ripp, R., Rudolph, G., Ryu, E., et al. (2013) Seven New Loci Associated with Age-Related Ma-
cular Degeneration. Nature Genetics, 45, 433-439. http://dx.doi.org/10.1038/ng.2578



http://dx.doi.org/10.1007/s11745-003-1147-0
http://dx.doi.org/10.1007/s11745-003-1118-5
http://dx.doi.org/10.1007/s11010-006-1337-3
http://dx.doi.org/10.1016/j.ijpharm.2011.04.015
http://dx.doi.org/10.3945/jn.114.195503
http://dx.doi.org/10.3945/ajcn.115.111062
http://dx.doi.org/10.1042/BJ20040554
http://dx.doi.org/10.1024/0300-9831.79.56.337
http://dx.doi.org/10.1167/iovs.06-1275
http://dx.doi.org/10.1016/j.numecd.2010.04.009
http://dx.doi.org/10.3945/jn.109.117366
http://dx.doi.org/10.1016/j.jnutbio.2008.12.011
http://dx.doi.org/10.1038/ng.2578

PR AL
W &

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

Tariq, A., Mahroo, O.A., Williams, K.M., Liew, S.H., Beatty, S., Gilbert, C.E., Van Kuijk, F. J. and Hammond, C.J.
(2014) The Heritability of the Ring-Like Distribution of Macular Pigment Assessed in a Twin Study. Investigative
Ophthalmology & Visual Science, 55, 2214-2219. http://dx.doi.org/10.1167/iovs.13-13829

Liew, S.H., Gilbert, C.E., Spector, T.D., Mellerio, J., Marshall, J., van Kuijk, F.J., Beatty, S., Fitzke, F. and Hammond,
C.J. (2005) Heritability of Macular Pigment: A Twin Study. Investigative Ophthalmology & Visual Science, 46, 4430-
4436. http://dx.doi.org/10.1167/iovs.05-0519

Hammond, C.J., Liew, S.H., Van Kuijk, F.J., Beatty, S., Nolan, J.M., Spector, T.D. and Gilbert, C.E. (2012) The Heri-
tability of Macular Response to Supplemental Lutein and Zeaxanthin: A Classic Twin Study. Investigative Ophthal-
mology & Visual Science, 53, 4963-4968. http://dx.doi.org/10.1167/iovs.12-9618

Meyers, K.J., Johnson, E.J., Bernstein, P.S., lyengar, S.K., Engelman, C.D., Karki, C.K., Liu, Z., Igo Jr., R.P., Truitt,
B., Klein, M.L., Snodderly, D.M., Blodi, B.A., Gehrs, K.M., Sarto, G.E., Wallace, R.B., Robinson, J., LeBlanc, E.S.,
Hageman, G., Tinker, L. and Mares, J.A. (2013) Genetic Determinants of Macular Pigments in Women of the Carote-
noids in Age-Related Eye Disease Study. Investigative Ophthalmology & Visual Science, 54, 2333-2345.
http://dx.doi.org/10.1167/iovs.12-10867

Constantineau, J., Greason, E., West, M., Filbin, M., Kieft, J.S., Carletti, M.Z., Christenson, L.K. and Rodriguez, A.
(2010) A Synonymous Variant in Scavenger Receptor, Class B, Type | Gene Is Associated with Lower SR-BI Protein
Expression and Function. Atherosclerosis, 210, 177-182. http://dx.doi.org/10.1016/j.atherosclerosis.2009.11.029

Zerbib, J., Seddon, J.M., Richard, F., Reynolds, R., Leveziel, N., Benlian, P., Borel, P., Feingold, J., Munnich, A.,
Soubrane, G., Kaplan, J., Rozet, J.M. and Souied, E.H. (2009) rs5888 Variant of SCARB1 Gene Is a Possible Suscepti-
bility Factor for Age-Related Macular Degeneration. PLoS ONE, 4, e7341.
http://dx.doi.org/10.1371/journal.pone.0007341

Meyers, K.J., Mares, J.A., Igo Jr., R.P., Truitt, B., Liu, Z., Millen, A.E., Klein, M., Johnson, E.J., Engelman, C.D.,
Karki, C.K., Blodi, B., Gehrs, K., Tinker, L., Wallace, R., Robinson, J., LeBlanc, E.S., Sarto, G., Bernstein, P.S., San-
Giovanni, J.P. and lyengar, S.K. (2014) Genetic Evidence for Role of Carotenoids in Age-Related Macular Degenera-
tion in the Carotenoids in Age-Related Eye Disease Study (CAREDS). Investigative Ophthalmology & Visual Science,
55, 587-599. http://dx.doi.org/10.1167/iovs.13-13216

Borel, P., Desmarchelier, C., Nowicki, M., Bott, R., Morange, S. and Lesavre, N. (2014) Interindividual Variability of
Lutein Bioavailability in Healthy Men: Characterization, Genetic Variants Involved, and Relation with Fasting Plasma
Lutein Concentration. The American Journal of Clinical Nutrition, 100, 168-175.
http://dx.doi.org/10.3945/ajcn.114.085720

Provost, A.C., Vede, L., Bigot, K., Keller, N., Tailleux, A., Jais, J.P., Savoldelli, M., Amegrane, I., Lacassagne, E.,
Legeais, J.M., Staels, B., Menasche, M., Mallat, Z., Behar-Cohen, F. and Abitbol, M. (2009) Morphologic and Elec-
troretinographic Phenotype of SR-BI Knockout Mice after a Long-Term Atherogenic Diet. Investigative Ophthalmol-
ogy & Visual Science, 50, 3931-3942. http://dx.doi.org/10.1167/iovs.08-2527

Moussa, M., Gouranton, E., Gleize, B., Yazidi, C.E., Niot, I., Besnard, P., Borel, P. and Landrier, J.F. (2011) CD36 Is
Involved in Lycopene and Lutein Uptake by Adipocytes and Adipose Tissue Cultures. Molecular Nutrition & Food
Research, 55, 578-584. http://dx.doi.org/10.1002/mnfr.201000399

Tsuchida, K. and Sakudoh, T. (2015) Recent Progress in Molecular Genetic Studies on the Carotenoid Transport Sys-
tem Using Cocoon-Color Mutants of the Silkworm. Archives of Biochemistry and Biophysics, 572, 151-157.
http://dx.doi.org/10.1016/j.abb.2014.12.029

Borel, P., de Edelenyi, F.S., Vincent-Baudry, S., Malezet-Desmoulin, C., Margotat, A., Lyan, B., Gorrand, J.M.,
Meunier, N., Drouault-Holowacz, S. and Bieuvelet, S. (2011) Genetic Variants in BCMO1 and CD36 Are Associated
with Plasma Lutein Concentrations and Macular Pigment Optical Density in Humans. Annals of Medicine, 43, 47-59.
http://dx.doi.org/10.3109/07853890.2010.531757

Kondo, N., Honda, S., Kuno, S. and Negi, A. (2009) Positive Association of Common Variants in CD36 with Neovas-
cular Age-Related Macular Degeneration. Aging (Albany NY), 1, 266-274. http://dx.doi.org/10.18632/aging.100006

Loane, E., McKay, G.J., Nolan, J.M. and Beatty, S. (2010) Apolipoprotein E Genotype Is Associated with Macular
Pigment Optical Density. Investigative Ophthalmology & Visual Science, 51, 2636-2643.
http://dx.doi.org/10.1167/iovs.09-4397

Adams, M.K., Simpson, J.A., Richardson, A.J., English, D.R., Aung, K.Z., Makeyeva, G.A., Guymer, R.H., Giles,
G.G., Hopper, J., Robman, L.D. and Baird, P.N. (2012) Apolipoprotein E Gene Associations in Age-Related Macular
Degeneration: The Melbourne Collaborative Cohort Study. American Journal of Epidemiology, 175, 511-518.
http://dx.doi.org/10.1093/aje/kwr329

McKay, G.J., Patterson, C.C., Chakravarthy, U., Dasari, S., Klaver, C.C., Vingerling, J.R., Ho, L., de Jong, P.T,,
Fletcher, A.E., Young, I.S., Seland, J.H., Rahu, M., Soubrane, G., Tomazzoli, L., Topouzis, F., Viogue, J., Hingorani,
A.D., Sofat, R., Dean, M., Sawitzke, J., Seddon, J.M., Peter, I., Webster, A.R., Moore, A.T., Yates, J.R., Cipriani, V.,



http://dx.doi.org/10.1167/iovs.13-13829
http://dx.doi.org/10.1167/iovs.05-0519
http://dx.doi.org/10.1167/iovs.12-9618
http://dx.doi.org/10.1167/iovs.12-10867
http://dx.doi.org/10.1016/j.atherosclerosis.2009.11.029
http://dx.doi.org/10.1371/journal.pone.0007341
http://dx.doi.org/10.1167/iovs.13-13216
http://dx.doi.org/10.3945/ajcn.114.085720
http://dx.doi.org/10.1167/iovs.08-2527
http://dx.doi.org/10.1002/mnfr.201000399
http://dx.doi.org/10.1016/j.abb.2014.12.029
http://dx.doi.org/10.3109/07853890.2010.531757
http://dx.doi.org/10.18632/aging.100006
http://dx.doi.org/10.1167/iovs.09-4397
http://dx.doi.org/10.1093/aje/kwr329

[42]

Fritsche, L.G., Weber, B.H., Keilhauer, C.N., Lotery, A.J., Ennis, S., Klein, M.L., Francis, P.J., Stambolian, D., Orlin,
A., Gorin, M.B., Weeks, D.E., Kuo, C.L., Swaroop, A., Othman, M., Kanda, A., Chen, W., Abecasis, G.R., Wright,
A.F., Hayward, C., Baird, P.N., Guymer, R.H., Attia, J., Thakkinstian, A. and Silvestri, G. (2011) Evidence of Associ-
ation of APOE with Age-Related Macular Degeneration: A Pooled Analysis of 15 Studies. Human Mutation, 32, 1407-
1416. http://dx.doi.org/10.1002/humu.21577

Kan, M., Weng, X., Wang, T., Liu, F,, Ye, J,, Zhang, H., Xu, M., Zhou, D., He, L. and Liu, Y. (2015) No Evidence of
Association between Variant rs2075650 in Lipid Metabolism-Related Locus APOE/TOMMA40 and Advanced
Age-Related Macular Degeneration in Han Chinese Population. Experimental Biology and Medicine (Maywood), 240,
230-234. http://dx.doi.org/10.1177/1535370214553770



http://dx.doi.org/10.1002/humu.21577
http://dx.doi.org/10.1177/1535370214553770

	The Advance of Research on the Role of Lipids on the Biological Utilization of Lutein
	Abstract
	Keywords
	叶黄素生物利用与脂类相关性研究进展
	摘  要
	关键词
	1. 引言
	2. 叶黄素消化、吸收与脂类
	3. 血浆载脂蛋白与叶黄素转运
	4. 叶黄素视网膜利用与脂类
	5. 研究结论和展望
	基金项目
	参考文献 (References)

