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27-ZEEEREHE LXR ESEBRET
A= AR Ry S5 E

4%;@%1’27 Fé:‘ &%2’ I—éjﬂ%%l ’ TT‘;’:J %%2, é“r%?#g‘_l,ZA
(EPRBERIR IR QO BT A S0, BB 43 A W2 U SR S =, " AL TR A A B
BIR SR AR, Bt SRR bG, RSt 23 U 0 36 2R b R 08 o0, IR 400016)

[(# ZE] BHE: ST HERAT ) 27- 2 B ERE(27-OHC) X A0S FE N0 . ik RARIMRE
(0,0.3125,0.625, 1.25, 2.5, 5 F1 10 wmol/L) Y 27-OHC 4bFR BTG AS49 4l 24 ~48 h, B 5 {3 1 40 M i1 507
£ (CCK-8 1) AL AMEIE 77 , SR P Gt MO A SN 240 A S 191, EAU S 30400 20 PR3 ZE0ER 100, , SR R e J 0 s 00 3 5
o0 248 A P JIEL [ B K 3T, real -time PCR 2 Western blot 254351l 6 I I [ BEA G A DG 43 F 19 3Rk . &5 R« 27-OHC L)
0] B NN )P 8 2 A AS49 g R R 15 g (P < 0. 01) , 4l 40 ML M 5 (P < 0.05) o 27-OHC i i F AT X
ZAR(LXR) {5 5B RN 0 ATP 256 &% 8 B0 A1(ABCAL) B3R5 , (214 4 i P IR m2 sy S0 HE , 8] B R 4%
e A Z M (LDLR) F1 3-8 23 - FF 3L [ - BEAHEG A 16 SR (HMG-CR) (93235 , i/ B [ B 3 ARG & AR
B P IR B KT B AR, 40 M5 ) R (P <0.01) o Bt LXR G 4% 5 pumol/L GSK2033 # 43 BH Wi )5 , 27-
OHC Xf A549 2 il I B4l /E A 2 258 (P <0.05) o &5t 27-OHC il G LXR Gl PR AS49 i 7
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27-Hydroxycholesterol modulates lung cancer cell proliferation by activa-
tion of LXR signaling pathway
FU You-yun'*, CHEN Ting’, LIN Xiao-jing', GAO Jing®, LIAN Xue-mei' ’
(" Center for Lipid Research, Key Laboratory of Molecular Biology for Infectious Diseases, Minisiry of Education, *School of
Public Health and Management, Research Center for Medicine and Social Development, Innovation Center for Social Risk
Governance in Health, Chongqing Medical University, Chongqing 400016, China, E-mail ; xuemeilian@ cqmu. edu. cn)
[ABSTRACT] AIM: To investigate the effect of cholesterol metabolite 27-hydroxycholesterol (27-OHC) on the
proliferation of lung cancer cells. METHODS: Human lung cancer A549 cells were treated with 27-OHC at different con-
centrations (0, 0.3125, 0.625, 1.25, 2.5, 5 and 10 pmol/L) for 24 ~48 h. The cell viability, cell cycle, cell prolife-
ration, the intracellular cholesterol levels and cholesterol metabolism-related molecule expression were subsequently as-
sessed by CCK-8 assay, flow cytometry, EdU staining, tissue total cholesterol detection kit, real-time PCR and Western
blot. RESULTS: 27-OHC decreased the viability of the A549 cells in a dose- and time-dependent manner (P <0.01) and
inhibited the cell proliferation (P <0.05). The expression of typical liver X receptor (LXR) downstream target proteins
including ATP-binding cassette transporter Al ( ABCAL), low-density lipoprotein receptor ( LDLR), and 3-hydroxy-3-
methylglutaryl-coenzyme A reductase (HMG-CR) were modulated, which promoted the efflux of intracellular cholesterol,
and reduced cholesterol influx and de novo synthesis, resulting in decreased intracellular cholesterol levels and cell viabili-
ty. Furthermore, the inhibitory effect of 27-OHC on A549 cell viability was significantly attenuated after the LXR pathway
was partially blocked by 5 wmol/L GSK2033 treatment (P <0.05). CONCLUSION: 27-OHC inhibits A549 cell prolife-
ration via activation of LXR signaling pathway.
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AR A A 2 FM R i o BT AR A, b i A 5
PR 22 JB 22 I AR S ME TR A B TR ARG o AL e
TR ZETLS 2 P e A0 8 A AL T2 345 ¢, {HJIE [
A 5 A 2 B 1) A S AT AN A A
i P [ P 7K - AR e i e v kS Tl AR T AR
T AT BT 5 2 W ot 3 L 41 Pt 7 - -5 il 9 1) 4 2B
SR B il 41 AR [ REAR A AR — i A4
SR o LR s 4 A v T 5 4y e L e A v e 4% T
HEMEH], & 8 B 278 AL (sterol 27-hydroxy-
lase, CYP27A1) [ff 47 A= 5l i 27-3% 3 B [& B (27-
hydroxycholesterol , 27-OHC ) fE A EH & H £ &H 1Y
SEALIEIRE 2 — o AR, HTE VR & b A T 2
AR ABLE RAFAERR L, 27-OHC ik S8 & —
Fofr e P IR SZAAH 1577 (selective estrogen recep-
tor modulator, SERM) FlIif X 5Z {4 (liver X receptor,
LXR) fitf& ™" Nelson %" 1 #] 27-OHC 1] L2
HEMERER 52145 (estrogen receptor, ER) KA/ )7L
JI R ) A A SR T, AR TS IR EE P, CYP2T AL kUK
- (R A e S 2% 27-OHC f 43 18 A4 5% i 45 3 G
o A S ) 40 e R B R 1 R 0 A OG5 TR, 27 -
OHC ] 3a 3+ 410 i 55 st 9 55 JC 0 45 45 85 1 2 (sterol-
regulatory element binding protein 2, SREBP2) [ {84 Vi
FIR PRG35 N8 2 11 32 14 (low-density lipoprotein re-
ceptor, LDLR) F) 25 R A2 5 e 40 Mu g R =10, 5
FHW] 27-OHC X fifig 4 Ji& i 2 i) FLAT 218U Sk
LXR JE R 5 s ¥ 2 —, B 4E R i i
PAY DL ] s 28 v A 45 T ) g 3 3 741 4 4 i L
PRI AN Sk B 1o 12 R Wi 25 B i
UEAESR LXR B Aox i i R PR P A5 2 1 ik
SEU S TERTIRT ST b, B TOLEE ) v M O
X2 B R 5 S ) CSTBL/6J /)N Ui & e B
HVEF s 2B AL BT S, oo L0 P R 7% A Mk
LN LXR A , Ak il 1 e e 40 e e 8 5, LA

FeoIN BRFS P i 9 1) A e 5 TRl st 2 BRAY 5 27
OHC j=A: 1y CYP27 AL 7 i JIF [E Ft R £ il 241 il 41
YUR IR o A SR A B, FRAT I v U ek
EATREAE HE T /N U Y 27-0HC 1977 48 | 5 3 30
LXR &A%, S-S0 20w v R 6 R K OF REAG, 39 4
ZEE . AT IR X — AR, AT T AR 27-
OHC X[l 4 22 AS49 20 Jifd 4 5l i 45 Sk A FH %
Al RERIHLE]

# #

1 AR F

T 95 A0 M bR AS49 W 17 35 B B Bl OR R
( American Type Culture Collection, ATCC) , J 5 3]
JE B REE B AR A BRZA B 2 %5 . RPMI-1640
BR IR e 5 BB BT W B HyClone ; fifi 4= 1ML 15
W H BI;27-OHC ( ENZ-CHM102) %4 H Enzo; LXR ]I
37 GSK2033 (1221277 ) Ity B TOCRIS Bioscience;
CCK-8 i & (CKO4) Wy 5 b i AR Ak = RH A BR
N ) RIPA 22 % 2% vh i ( POO13B) & BeyoClick™
EdU-488 4t o g 4l 57 & (CO071S) Wy 7 |1 34
=R BCA H HE 718 & (CW0014S) 1ty 5 4t
SRR At 42 4y F) s Western blot fif 75 1 $it [ B-actin
(TA-09) [ B AL SR A2 A Wl s 40 ATP 454 &
iZ8EH Al (ATP-binding cassette transporter Al, AB-
CA1) HiifA& (C58219) Il H Santa Cruz; 3-F33L-3-F 3
N EEEEEE A iR R B8 ( 3-hydroxy-3-methylglutaryl-
CoA reductase, HMG-CR) #7i{£& (ab174830) Ity H Ab-
cam; LDLR 44 (ET1606-47 ) Ity 5 B A28 = 4%
AR T A e a0 W B E R Ak TR
AR ] TRIzol (SYBR Green S i3t %% 5105 & 1 H
TaKaRa ;2 21 &3 JIH [# 5 ( total cholesterol, TC) M %E ik
A& (E1015) Wy A A5t A A wl o Br A5 14t
DA R IERFARA R A FIRGE B, W& 1,

m FH E

%1 Real-time PCR 5|#1F 5|

Table 1. Primer sequences for real-time PCR

Name Forward sequence(5°-3") Reverse sequence(5°-3")
B-actin CCTGGCACCCAGCACAAT GCCGATCCACACGGAGTA
ABCA1 CCCTGTGGAATGTACCTATGTG GAGGTGTCCCAAAGATGCAA
HMG-CR GGCCCAGTTGTGCGTCTT TTTCGAGCCAGGCTTTCACT
LDLR TACCCCTCGAGACAGATGGT ACTGTCCGAAGCCTGTTCTG
2 FE B A0 A T S5
2.1 A549 ez ¥ ASA9 ARG R T & 10% 2.2 meiE s ] CCK-8 a7 £ Il 40 i 15

G LT A 1% 5 55 R -5 5 & PR IR RPMI-
1640 B3 P, 0 & 7E 37 C AR 95% | CO,
5% fEIRAE T, A REAE 3 ~ 4 d B4R, B

J1o FXEUE R WIAILL 5 x 107/L (4541 100 nL)
FEMTE 96 fLARH , ESE IR IR P B 57 24 b, JF H
1 PBS HLFEH M fL . B G I 7% RPMI-1640



B 55 IR, AN M YLER 12 he 255 & X
BRLS L R s E ok 27-OHC e JE AN IKr AL,
HCR A Rl B (0,0, 3125, 0. 625 .1.25, 2.5, 5 Fil
10 wmol/L) ) 27-OHC L ¥ AS49 41 i1, 45 4H % & 5
NIEFL,24/48 h Jg, A SLHTMA 10 pL CCK-8 #
W TEREAE TS 2 b, FHEEAR{X (HIMFD, Gene Com-
pany Limited ) jlll i £% fL7E 450 nm J KT B MG EE
(4) .

SR, GSK2033 % LXR 3 % i 31 15l &% b7, BF
AS549 4 fg AN 5 1% 79 RPMI-1640 35 5=, % 5
wmol/I. GSK2033 fyE5FE M, &% 5 wmol/L 27-OHC #Y
EFW, VAN B 5 pmol/L GSK2033 F1 5 pmol/L
27-OHC [3EFRM 53 ) 35 5778 96 fLakH 36 h, I H]
BB A 5 25 FLTE 450 nm KT Y A {H.

2.3 AKX R4 e B8 B AS49 i LA
2 x10°/L(AfL 1 mL) SR 7 6 LA, 72094 P 8
7724 h, RJUTCMIE RPMI-1640 6 55 5% W, 61 240
MIIUER 12 he K4 7E & A AR (0.2.5 Fi1 5
pumol/1)27-OHC (35 75 W 4535 36 h, B4 & 3
NEAL, ARE ABHE LG , PR EH PBS PE% 4 i
1Ko SR 250 wL PBS WCHCAH A, 1] 2 i W rh 22 18
A 750 pL Jo/K S, 4°C [BE K, 5
AAS L FITC-JEICEE 11V, IF4 40 M 7E 20 T
BE 15 ming JEAARK I Z H, 6 5 pL 26
BHIAL N BE ( propidium iodide, PT) AIAGE

2.4 BeyoClickTM EdU488 #- ¢m i ¥2 78 4H i J€
FAE A AU SE(0.2.5 F15 umol/L) [y 27-OHC

L EdU(5-ethynyl-2 " -deoxyuridine, 5-Z, 32" -fit 48
PRAF) TAERAR S0 B ML 2 h, BEREEFRIR 4% 2
R EE A IR E E 1S min, % 3% BSA 1) PBS PEiF 40
3K, 0.3% Triton X-100 (1) PBS &= R % 10 ~ 15
min, FEFLIE R AIA 0. 5 mL i (Click) SO K , 2 il
FEYEHEE 30 min, 1 x Hoechst 33342 X 40 i 7% 345 4
o, Qe 58 B I R BT O KGR £ 7 JF & 10 &
PN WL TSR 540

2.5 Real-time PCR #&#l >R ] TRIzol 424 i &
RNA, I JH] 3% 5% s 30 70) & 31 4% ¢cDNA, Real-time
PCR £ R ABCA1 ,LDLR #1 HMG-CR 131k,
FHARKBR™ 1 S 7 S AR 28 e Ao I 38 3] — 5 9 G 1H
Pt E IR (CUAE) o DRI UEIN BRI L
SR SRR UEL, FH 20 i R s e 41 A
Xof B BE PR 24k

2.6 Western blot % RIPA 24 2% nhik £2 B 40
Jl4x 2, BCA H Bl 5 ) SRl 248 B Bk 2
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W38 B Y A AR (30 ~ 50 pe) 4T 10% B 12%
SDS-PAGE, L 80V ByH & HL 43 5 30 min, 4K J5 5%
2 120V, $:54: 29 1.5 h; {8 %% = PVDF JIi,5% Mifg
WK AE 3T CHEIR BT | by FHAHRY T Hufin I 41
BN, VRGO A B4 1:1 [
BIECH] , 37 BPKE =L 3 53 e B 1, A Fusion Fx5
A2 KOG (Vilber ) & (4,45 2] 55717 , LA Image)
A 5T
2.7 wmpe R E B A ARG A2 R AR E R
TR G A T R DU A e P S I R KO TS 2
AS49 A AE & A ARV LY 27-0HC 13557 rh 3
7% 36 h 5 , F 240 % vl g Ak PR AN B, 55 B 3 i 00
L, FERT 2000 x g B0 5 ming W EIE R ERE
DU (550 nm ) fIFL [ st 32 ] s 30 A% A DCTE ) T
W24 3 min, %5 500 wL 0. 1 mol/L NaOH 7 LA &
AR DA mg HE R BEA E JIH [ 5
3 FitESH

B LLYEL + R iE 22 (mean £ SD) KR, AHf
FENLH SPSS 17. 0 #RA AT 8cR ge it , W2 ] 22
5K H Student” s ¢ K55, Z 4 (0] 25 5 R F B R
ZE0rHT. LA P <0.05 Yl W A G225

# R

1 27-OHC X} A549 21 ff 38 (1 22

CCK-8 54t i 7%, 27-OHC Kb FE L3 42 it
WA 7 S RRAIC AS49 4 ILYE J1, 5% BRALAH 1,
AR FE 1Y) 27-OHC &b 34 il g2 40 i 24748 h J5 41 i
PTG R W RN (P <0.01) , WLIE 1, i 24t L AR A
DUAS [F] v BE 1 27-OHC X} 240 it J8 45 e A5 i), 5 25
X BRI EL, G, WI4NAE 5 wmol/L 27-OHC Ab#f
JE WM (P <0.05) ,S A4 My, B 2 7 T4
TEEE (P >0.05) , LE 2, [FIA, 78 27-OHC 4b 3
ZHrr, Hoechst/EdU & Jf B 41 i 58 12 358 T 5 L 0
MEZH (P <0.05) , WLIAl 3,
2 27-OHC 3t A549 #H 2 ABCA1, HMG-CR #i
LDLR mRNA 1FE B RiZHZH

SR RRHAR L, S wmol /L 27-OHC 7 &b 2 41 g
36 h J5 5% 8 ABCA1 & 13234 (P <0.05) , [A]
Bf 3% HMG-CR 1 LDLR 8K 113235 (P <0.01);
2.5 wmol/L 27-OHC W% I ABCA1 & [ FEik,H
ZRTg i E (P >0.05) , [F1 T iH HMG-CR
I LDLR By HFRIA (P <0.01) , WA 4, SEAR
2k —E, 2.5 wmol/L 5( 5 wmol/L 27-OHC 4b#
40 36 h J5, 525 F X R4 40 HE, ABCAL f)) mRNA
FekHN (P <0.05 5% P <0.01) ,HMG-CR ) mRNA
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27-0OHC decreased the viability of A549 cells. Mean +

SD. n=3. *P<0.01 vs 0 pwmol/L; *P <0.01 vs

24 h.

B 1 27-OHC f&K A549 RAERYE A

Figure 1.

Feik KB EAE (P <0.01), LDLR mRNA 323k th %
ik, WKl 5,
3 27-OHC 3t A549 406 A BB Bl EEia 2SI B2 00

TC &R 25 B Bon, 525 AT 4L L,
FH 5 mol/L (¥) 27-OHC &b J5 40 ffd 4 TC 1) 7K F i
FHIEMR(P <0.05) , WLIK 6A
4 LXR i#5iNHI3T A549 4A03E F1 89 2500

4 LXR @ #) 1% LXR #0465 GSK2033 BH i
Ji , 2R AS49 ARG 7, 25 R BR .5 pumol/L
GSK2033 kb3 g 8 55 1T 27-OHC Xf A549 40 Jifg 1%
FIHIEIEH (P <0.05) , WK 6B,

W’

27-OHCJE AR [# e A Gl 5 g 2 18] 119 3 24 i
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Figure 2. Effect of 27-OHC on cell cycle of A549 cells. Mean +SD. n=6. “P <0.05 vs control group.
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Figure 3. 27-OHC reduced the proliferation rate of A549 cells. Mean +SD. n=3. “P <0.05 vs control group.

3 27-OHC [&{k A549 A 1EsE &

Z—, PMEMFFEIESE 1 27-OHC 53U A5 R E |
Sk o5 A A Al A0 M 22 0B A7 P O 2 TE] Y A SR
TSI SRR A i 27-OHC 5 il 22 4l AR
Kbk AWFFELEAFED],27-0HC AT LU i 3#% LXR

3%, 01 40 M P R I A A, TS AS49 4 Jfa Y
W Z 2] o LXR fEVF 2P0 A R R rh A 4
TR, OF 58 R LXR O HLAR S0 ULk it/ - 7
AR 195 0¥ 7 A PR 71T SR B g R BAAR Y/ A
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Figure 4. The relative protein expression of ABCA1, HMG-CR
and LDLR in A549 cells treated with different doses of
27-OHC for 36 h. Mean +SD. n=3. “"P<0.05,
" P <0.01 vs control group.
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LXR {5 Akt il & e IR A 4536 — i R E . 161)
U, FE /B LXR-o F LXR-B 3EH 2 S HUMNR A &
PE AN JE 5 IR 40 i R 9 & AR LXR 3 sh A
T0901317 &, GW3965 i Akt 4L H-(fi i 75 A 85 8
(Y il 96 400 it HC.C827-8-1 it % A 5 J g Al ke ik 1
R

LXR 7E 24k 15 240 e JA i) de A3 7 s vh % 45 55 1
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Figure 6.

0.0 T T
Control 27-OHC+

GSK2033
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Cellular cholesterol content determination and effect of LXR pathway inhibition on A549 cell viability. A the relative cho-

lesterol content of A549 cells treated with different doses of 27-OHC for 36 h; B: effect of LXR pathway inhibition on A549
cell viability. Mean +SD. n=4. *P<0.05, ™ P <0.01 vs control group; *P <0.05 vs 27-OHC group.

& 6

FAUS, AEATR ST b, TS B A [l vk E #Y 27
OHC 4b 3 24/48 h J5 40 75 77 2 35 FEAIG, =X 4n i
ARERE R, 25 pmol/L 27-OHC K HJF , 21 22 %4
SHTE Gy 1, BdU SEEGUESE AS49 2 i 1) 4 5 32 3]
. BRI BT R, 27-0HC #i% LXR 8
B, R LA ABCAL 935K, i HMG-CR
I LDLR A3 , 4k A 12k 20 0 P JEL 1 52 1) 11, B

B ER 2 BWEM LXR EZHFHIXT AS49 HA0TE N HI 0T

AR 5 09 DA Sk G B, 2 JIEL T I ) £ A, i A
AS49 21 i P JIE [ B AT R AR 3 — 5 1T, LXR 3 [
25 pmol/L GSK2033 #fi43BH W7 /5 ,27-OHC X} A549
240 L3 7 AR R 2 ek, i — 20 3R] LXR il
RS S5 T 27-OHC 1) 240 B 38 58 i 1 A L DA
CRAF 2 L P I A s rh R T AR

O T e, 2 - A7 5 98 4 L 14 5 %% DDA G, TR
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SRR 4 56 B 4L IR 5 e R 240 ML T B L T o
N AT B i KB B 2 B A O B 1S o TR A8 A A
SSRGS, 75 R 20 G A e T
R & P AR . IR PIBK/ Akt 2545
S K O R e iR A LR R R ) AR

K RTT BR A B HAR AR Bl Bk R R 5 27-
OHC. 80 1171 240 A 18 421 49 9 TR AAE 5T

27-OHC £y SERM F1 LXR 3l 5% (1) 384075 71,
PR & AR R R A RS i T B, 27-OHC
fR 3 ER PHAE: 2L B8 10 308 S DL %) i 471 i Ja 1 A 4
PEAEH , $7R 27-0OHC 7809 & J v i/ A B
LU S . i #itiE 7 27-OHC DL ER-B K 8t
PE AR T g 40 A 34 51, {5 ER-o FHIESR ER [H
PRI TR 2 5 2 o AT TS g ] 27-
OHC %t ER BATEMY AS49 40 fif 184 5t ELA 41 il 4 ) 7
o P, B2 LXR A1 ER 3Rk 1925 5, AT GE
T JIEL [ PO 5 e it s 2 e v AR T VR (LA IR
AHBFFE .
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