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Studies on Soy Proteins Stimulating Cholesterol Efflux Driven by the Intestinal
ABCAT1 Transporter
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ABSTRACT

Cholesterol efflux from human cultured intestinal (Caco-2) cells was studied. ABCAL,
which stimulates cholesterol efflux in a manner similar to HDL from various cells,
was expressed in differentiated Caco-2 cells. A nuclear receptor, Liver X
Receptor(LXR), was also expressed in these cells. ABCAI gene expression was
augmented by treatment of cells with an LXR agonist. [*Hlcholesterol efflux to the
apical or basolateral side of Caco-2 cells was measured after induction of ABCA1
expression by the LXR agonist. Cholesterol efflux to the basolateral side was
increased by the agonist or the addition of apo A-1, which is involved in formation of
HDL by ABCAI, to the culture medium, suggesting that ABCA1 particpates in HDL
production on this side. Cholesterol efflux to the apical side was increased by the
agonist or the addition of bile acid, not apo A-1. This indicates that certain
transporters including ABCG5 and G8 induced by LXR stimulate cholesterol efflux to
the apical side in a bile acid-dependent manner. We speculate that some peptide
molecules digested from soy proteins as well as bile acids might stimulate cholesterol
efflux from the intestinal epithelial cells. Alternatively, it is possible that some
peptides in the small intestinal tract directly enhance the transport activity of
transporters involved in cholesterol efflux. To find out functional soy peptides
reducing cholesterol absorption (increasing cholesterol efflux), several kinds of
screening are now being carried out. Soy Protein Research, Japan 6, 63-66, 2003.

Key words : ABCA1, ABCG5, ABCGS, cholesterol efflux, LXR

*T113-8657 CHIXHREL-L-]

KE7=ARBEME Vol. 6(2003) 63



LA M2 2 AR T, BIRMALES: OB
BIEHBE AR A MEINT 5 2 L TFHENDL, 20T
Bio—ike LT, MHIcBIT5 3L A70— VlE
KrsE, BERHLUETL2RAPEZONL. /N
52 B 2 Ja B OWIUERE D FERIZ S 2 T2t
AR, BRI L & PR IEE A P T v AR -
7 —HUh BRI EE S, BUD AR - RO L]
L LTHINAIRZ 268D UC &7z, AIZE Tl
CDE) BB BTBIRE, FICa L AT — vk
HWOGTHBEZWSPICTH72012, ILATH—
Pt b 5 v AR— 7 — LHE SN TWHABCALILAH
H L, 58/ BT 2 AR BURAT % A 72,
SO IC L, MEIcHEEESNLPH N T v X
K=y —OFB & LR EELHYIC LD, MEICBIT
BENMTOI VAT O — VRIS E L KT 50,
INOLOHEBRFFEIIHOE, PR b T v AKR— —1F
PEEAEEL, IV AT — VIR F 23 v
TR, 20X Rtk E A Lo KT A
EE RIS & R T 55HIROREE, it w7z
FEREVER - DS - T2 HIg L TLLF O EER %47 -
7z.

p] &

b FABCA14FEITIFDIER

v FABCALZZAFIE 7 3/ R79~427% His-tagD %
TR LRA - AR KIGRICRBsE, )3
Y¥F Y FABCAIZHE L. Thx vy ¥k
L, PG /815 L7z, FRICCREM o~ TF F %
ERL, ZIUCHT AEE 7 F L7,

b MVE LRI Caco-2% AU -ABCA1 IR
S

Caco-2#lg THOABCAIMRNAFSH OfER % / —
y7uay bEERWTT- 72, L o Caco-24lH
A HMRNAZ HIH L, ABCAIFEBIZHE) IO THI%S
L7z. $72, ABCALIIMNZHARLXRDICE EIZT
THAHI NG, NHEY A FEEZLNTWAS22
(OH) aLVATH=L, HEWVIEER) T FEih
L, ZOFEBEHEE M L.
Caco-2fifa» 5 ML A5 O—IJLEEHEHEZR DIELE
Caco-2fifig % Em e o2 L, [P*H] a LV AT
0= 20 A F 7%, AEREAIREIEA, B
WZHE S B I E R e L7z, LXRY A > RIS
L W ABCAIZSBL % JiiE S ¥ 7250 F COPBIEM: %
JEERL 7o, 7o, KM, FEEEM oM IC, HDLE
ICART R 72 7 BA-1d 5\ IZRRVF R % 554125 m L

64

Ta VAT I = VRO B 2 57l L 72.

BREEE

Caco-2#fifa(C 7 ABCATFIR
Caco-2fifgid+ —N—a > 7V > FDIREET 2 8
WIRERERE A 5 /NG LR LML 2. Z DRk
T, BEEFORBINY — 2% ) —F URBEICLY
et L7z (Fig. 1). Caco-2flifa o3 fbicfE vy, LXR,
ABCAImRNAm (I MBI L 72, —F, M AT 2
—VOPEHIZEDbL L EEZ LN TWwAHABCGS,
ABCG8mRNAZ LRI tA TEAB L &b 72, 71k
Caco2ffifa = Zzh2h, 0.1~10 MO FHADLXRE K
VA RTRBLAZEZ A, BEMKGFENIC
ABCAImRNAB AR S &7z, [/ U < LXRIGZ #
L ThH I ENAMSNTWVBHABCG5, ABCGSTY,
DI EAPE SN (Fig. 2). FEI2IE
mRNAZSH L 8 R HDET T+ — 13T 2 D 2xt
L, 7o ABEZBUT 120 B DU IR Bl K 4 0 2
7. DEoFRE LD, Caco2Miizix (Hri241kCaco-2
ML) +CLXRIGE M MR L TB Y, ABCAL%
By +oThsbZ s, ABCALZ A L 7z# ok~
DAV AT — VHE 2 FHIS 5 01258 L 72l T
B g L7z,
Caco-2ffifahn 5 aL X FO—JLEEH

53 bCaco-2MI I gtk 2 L A 7 1 — L % 48K RTHL
DihER71%, LXRUF ¥ F, 7RAIVFAET, 248
BB 2R, BB~ L 27 a— VP

apical

l

-1
undifferentiated
differentiated

f

Caco-2
SoiEp i sl GD S

basal LXR &

-
(3]
=l

Fold
ABCA1

culture for 2 weeks
Fold 1

n
-

|

ABCGS

=
»

apical Fold 1
ABCGS

basal Fold 1 11

Fig. 1. Gene expression in undifferentiated and
differentiated Caco-2 cells. Total RNA from
undifferentiated Caco-2 cells was extracted and
Northern blot analysis was carried out.
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Fig. 2. An LXR ligand stimulates ABCA1 gene expression in differentiated Caco-2 cells. Differentiated Caco-2 cells
were cultured with the indicated concentration of an LXR ligand for 6 hr and then total RNA was extracted.
A time-dependent increases in ABCA1 mRNA and protein by treatment with 1 M T0901317 was analyzed.
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Fig. 3. Cholesterol efflux to the basolateral side was enhanced by an LXR ligand and apo A-1. Cholesterol efflux was indicated
as % of total intracellular radioactive cholesterol. Caco-2 cells were cultured with 1M T0901317 or 10 zg/mL apo
A-1. Means * S.D., n=3, *Pvalue < 0.05 versus control, **Pvalue < 0.05 versus treatment with ApoA-I alone.
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Fig. 5. Cholesterol efflux to the apical side was enhanced by glycocholic acid. Caco-2 cells were cultured with or
without 1 mM glycocholic acid (GCA). Means + S.D., n=3, *Pvalue < 0.05 versus control, **Pvalue < 0.05
versus treatment with GCA alone.
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