506 #445-57238 &% | Journal of Environmental and Occupational Medicine | 2022, 39(5)
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[E 1] MR | LEE(Sio,) =i, fya || B 4R MLE-12 AR NAS BURfRIE i, B EEE
Kz PI3K. AKT. mTOR BRIV EH RIAMIZ (L, IR1T Si0, @ T BT B E1TIE R 1.

[737%] (1) FF 50 mg-L™ Si0, EEREE MLE-12 4R, 9 AIXTERLAF] 12, 24, 48 h Si0, 2
0, (2) 1R4E PI3K HFI LY294002 XFAHARIGTE R MMAYIRIOLER, 5E4F 5 umol L H1T/FEEE
%, B AXFTEE. 50 mg-L™ Si0, 50 mg-L™ Si0,+5 pmol-L™* LY294002. 5 pmol-L™* LY294002
TR, 39 ZS 4R 48 ho RAMAXF SN S AMAMN DBER. HFEBEER. BEERE
(RREERESHEBREENEB) . HHZESE, RAMIL 0" REENRMIMNASFINR
AR, A Western blotting #27 PI3K. AKT. mTOR BEER 1L = B BIRIXKTFE,

[£55] (1) 50 mgL™ BY Si0, F&5 /5, SXTERAMELL, FEERSNEINERK: AiRRREEER. 7
HABEEEMEREREEEN S 22 DILMAVES, 24, 48 h AIYAEFAE, £ 48 h 4H, SRE IWEEI
SFBBLAM(2.24240.181) mg-g - F = FI(5.148+0.544) mg-g ™, FFESABEEZ M ( 1.923+0.158) mg-g
FEZE(4.168+0.433) mg-g ", FBEIEZAS 1 M (0.318+0.067) mg-g™* F+ZE(0.978+0.134) mg-g (1Y
P<0.01); S3tER4AMELL, HIM=FE S E2XAET*(P>0.05); ARPHNBLELEEFTHIN
FRILIN, 48 h LI EBFRILRE PRSI &RAB 2 (P < 0.01) ; p-PI3K. p-AKT. p-mTOR EH KA
EMESHHEEE, T5E 48 h FHAREIE(1Y P<0.01), (2) 5 Sio, R&ELHALL, Si0,+1Y294002
AR S REEES 573 AB B B2 A1 AB [E B2 EE 19 MR (3 P<0.01) , AR NR LI ISR B
RTURURZL, 48 p-PI3K. p-AKT. p-mTOR EHFRAFER(3T P<0.01)0

[£512] Si0, A BEBITIBUE PI3K/AKT/mTOR 15 S8EiES MLE-12 (A RBEIEZ AL 52 1L 10, 1€

HABREAAEBUTTR,

XPEE - ZE| ek ; BEEES ; BT ; BEASERABS-3 -8 EE/E B AES B/ B MERE S
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Effects of silicon dioxide exposure on lipid deposition and PI3K/AKT/mTOR signaling pathway
in MLE-12 cells HAO Xiaohui®®, SHAO lJing®, WU Hui®, JIN Yixuan®, GUO Lingli*®, LIU Heliang™®,
YANG Fang®® (1.a. School of Public Health b. Hebei Key Laboratory of Organ Fibrosis, North China
University of Science and Technology, Tangshan, Hebei 063210, China)

Abstract:

[Background] Lipid metabolism imbalance is tightly linked to the development and progression
of multiple diseases. The phosphatidylinositol 3-kinase/protein kinase B/mammalian target of
rapamycin (PI3K/AKT/mTOR) signaling pathway is important for the regulation of lipid
metabolism. However, whether silicosis is associated with lipid metabolic abnormalities has yet
to be explored.

[Objective] To observe the changes of lipid deposition, cholesterol, and phosphorylated proteins
of PI3K/AKT/mTOR pathway in silicon dioxide (SiO,)-induced MLE-12 cells and to explore
potential mechanism of lipid composition regulated though the pathway.

[Methods] (1) MLE-12 cells were stimulated with 50 mg-L™* SiO, suspension, and divided into four
groups: a control group and three SiO, groups (12, 24, and 48 h of stimulation). (2) Cell
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proliferation was detected to determine an optimal dose of LY294002, an inhibitor of PI3K protein. LY294002 at 5 pmol-L™* was used for
further study, in which MLE-12 cells cultured for 48 h were divided into four groups: a control group; a 50 mg:L™" SiO, suspension
stimulation group; a 50 mg-L™* Si0, suspension and 5 pmol-L™* LY294002 treatment group; a 5 umol-L™ LY294002 treatment group. Total
cholesterol (TC), free cholesterol (FC), cholesterol ester (CE; total cholesterol minus free cholesterol), and triglycerides (TG) were
measured with enzyme assay kits. Lipid deposition was observed using Oil Red O staining. The expressions of p-PI3K, p-AKT, and p-mTOR
proteins were detected by Western blotting.

(1) The contents of TC, FC, and CE in the 50 mg-L™" SiO,-induced MLE-12 cells were increased compared to those of the control
group in a time-dependent manner by trend analysis, and the increment at 24 and 48 h were significant. By 48 h, the contents of
cholesterol indicators were all elevated: TC from (2.242+0.181) mg-g ™" to (5.148+0.544) mg-g ™", FC from (1.923+0.158) mg-g " to (4.168+
0.433) mg-g™, and CE from (0.318+0.067) mg-g™" to (0.978+0.134) mg-g ", compared with the control group (P < 0.01). The changes of TG
were not significant (P>0.05). The SiO, suspension induced orange-red particle deposition in the MLE-12 cells, especially at 48 h
(P<0.01). The protein expression levels of p-PI3K, p-AKT, and p-mTOR in SiO,-stimulated MLE-12 cells were higher than those of the
control groups with the prolongation of stimulation time, which peaked at 48 h (P<0.01). (2) The contents of TC, FC, and CE in MLE-12
cells of the SiO, + LY294002 group were decreased, comparing to those of the SiO, stimulation only group (P <0.01), companied with less

orange-red lipid deposition, and suppressed protein expression levels of p-PI3K, p-AKT, and p-mTOR (P<0.01).

SiO, could induce increases of cholesterol and lipid deposition through activation of PI3K/AKT/mTOR signaling pathway in

MLE-12 cells.

silicon dioxide; cholesterol; silicosis; phosphatidylinositol 3-kinase/protein kinase B/mammalian target of rapamycin signaling

pathway; MLE-12 cells

2020 EHREER W RERBIEE T, R 4L Abw
B SIERERLEHARGNE Y, W2 E
FERY A B4 R IR, T — &1 EE(silicon dioxide, Si0,) &
FENBURAR. ANEERYIEHRETFE, A
TR RW R B EIRETT % BBREAEL
RHEBERYRZ —, RHELVAREEN, LEH
FRHLIAHR DRENEEN D, BERAHAES S
ERNEEEZREYIRX, BBRAEEE ST
HWHERN KRR, WAL FERRIHRRZ "7
ZIRAAFTHARA R A IR, 75 A 8 A B R A RRAS R
Rk, BMEMAERINTRIE S, BERE. SR RE
EREERKTEES, EMARARN, XERRYS
B RREY & £ R R E IR, Al B ERARE
Sio, TEFRYIN ARE 2 —, 1 ZAh RS B Uit & /& BX
HYLRRE", HARRREE YR E R AEE R
AR, BHEFMAEERIRNEZRE, BEEEXR
EEME YR EE P ERERAF EIFERE RS,
i EB B & A BY, BB || B R AR NBE Ak 9 R &£
T, BRI S E IR IF M2 im AR Thae ",

AEERRSZZMES BERNAT, BB
AES-3-Bi B /E O RIEE B/ LN EMBRER
( phosphatidylinositol 3-kinase/protein kinase mammalian/
target of rapamycin, PI3K/AKT/mTOR) {5 S 18 IR X 4H
FHA. 185, £ KMERERAFELEEEERY,
Bff 55 #<PBH PI3K/AKT/mTOR {5 S & B& i@ i ¥ T3 A5 Af
ERMEXEAFEERTTHE G E B-1sterol

regulatory element binding protein-1, SREBP-1) A&z EL 48
KEBEEEMIRIARIE T A B X F R BB+
RS E B2 E LD (EARERMAEEKA
B B R AR, HABEER A 1 7E sio, (FR RS
FETE R, PI3K/AKT/mTOR E S BRET S5 HEFN
FBEH. MLE-12 ARAR(EA/ N AR 1| B k52 4RRaFK,
R TF L RVLSEINA R ASHFRF B &b sio,
235 MLE-12 e, MBARAREEEREERS
K11, RIBY R A PI3K BUFF R M HPHIFI LY294002F Fi
YZR PI3K/AKT/mTOR IBEE FRIXL L, IR SiOXTFfi’E
AR REE R ERE B D IS S IR0,

MLE-12 #HRE(HR[E L8EEER) ; Sio, (KR 1~5 um,
40 99%, EE Sigma-Aldrich) , 23 4 h f§ 120 °C
TEEXE 20 min, 60 °C F & A ; LY294002( LA =
RETHAREIZRERN 50 mmol-L™" BFEER, EE
Selleck) ; F12/#1/R D12k R A& /RIGFE(DMEM) (1:
1) 157 E(ZEE Gibco) ; BRA-IMIE(FBS, E[E SERANA) ;
4B 4040 R0 2 AB[E B2 total cholesterol, TC) « iiF 23 BB & EZ
(free cholesterol, FC) . H M =E&(triglyceride, TG) Eg /%
MR FZ(PEIEREFZ) ; ZFT A ER(BCA) X
EATE2RFIZ(ZEE Thermofisher) ; B 3-BEEAH
JHEE B SUES(GAPDH) Z e R HK, SR 47T p-PI3K. PI3K.
p-AKT. AKT. p-mTOR. mTOR Z5afEH{A( EE Affinity) ;
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BIRSEUYEBRICEMRRRIKER G(1gG) ZHI.
IR | CYEEREE TR 186 ZH(PEMESE
8E) ; IBEUERF R ECL) KMIAFIE( SEE Affinity) ;
JHET0”ZRH(EE Sigma) ; WEE KRG RF(XRSH,
%[E Bio-Rad) ; BEFR{Y(iMARK, £ [E Bio-Rad) ; B5E
B & 45 (bx53, HZS Olympus) o
1.2 HRRIEFRS4A
1.2.1 Si0, 2554 ¥ MLE-12 R E T 10%HY FBS-
F12/DMEM ¥ZFRE, 7F 37 °C. 5% & WHRAVAREIZT
FETIETT, BCHl 50 me L BY Sio, JBfET 10% FBS AY F12/
DMEM 1EFEFHIRER R, ARIEARILEES, 5 AXER
20 ( IEEIEFrHU4RRE) , 50 mg L™ Si0, 25 12, 24, 48 h 4H,
1.2.2 LY2294002 FIEEFERFMDLE BRIHMELK
HA MLE-12 4RA, LA 5x10° N FL 7 #EF T 96 FLIR. &
MRENGEE 5, AT F12/DMEM 1EFRETHEE P
LARLIE 24 ho BREREND /0 4 B(BAHIE 4 MEFL)
BARRERE LY294002 R (0. 5. 10 15 pmol-L™) A0
N ARIEF 48 h G, BFLION MTS K5 10 pL, 4%
S ETMMIEAFENE 4 h, UBBARXIE 490 nm S
WMEMBAZEED B. IR 2 M FEHBNE
F12/DMEM IE#FEFLBET BAH. XA AR 4HiEiL5E
F=[(D gy~ Deanp)/(Drma— Daag)x100% T8
HAEIETE R, SXTRAMLL, Lv294002 EHEFER
PE1E(F=157.79, P<0.01) , /X9 0.68+0.08. 0.45+0.07.
0.23+0.35(39 P<0.01) , 3%E#E 5 pmol-L™* #Y LY294002 F3
FRENLRAR. KA D HHA: XTEA(MLE-
12 #ARR7E 10% FBS-F12/DMEM 14 1555 48 h) .« SiO,
£H(50 mg-L™ Si0, JEERIBFE 48 h). LY294002 SLLGLH
(5pumol-LLY294002+50 mg-L'Si0, JEERIESR 48 h) . 1)
HFURTIRLA( 5 umol-L ™ LY294002 1ZFF 48 h) o
1.3 B EWAAREA TC. FC. BEEEEES (cholesteryl-
ester, CE)f1 TG &£

£ 6 FLIR A& 5x10° 7L 408, 1SRRG EE
EREESAIRENE R, BRIBHFRE, BRREE
AR ERAR 2 R, mBIHFI 2B, il A K
0.2 mL SYFR4ARE 20 min, ¥ 0.1 mL _E5EREEZE 1.5 mL
MEOER, =58 2 000xg B L) 5 mino BX 190 uL Y B
TAERNIN 96 FLIR, 2 FIENE OVE LF 10 ul fOAN
HAPFE 30 min, BB ECHIFRAERIZE, 560 nm 1<
NS AR D B, FIBEBLITBE MEDSH TC
FCH TG &=, CEBN TC 5 FC BNZE(E, F BCA AR
SMEANERRE, BEEaEREABAZLN
BREE, 8 EAEAHIL 3 FLF T

1.4 HfRHLT 0" F B MR PIBE FR

BEFIRBRREIHITERLEHKRET 24 7L
AR, AR 5x10* M FI5FA R 6 E4 AR
F . IZERLI AN HREFEINRERMIEREG, 4%
NZRBBREEERG, A 0.5%1F A ML 0" RKIE
=8 FREHE 30 min, ZEAHARRERAMEIZ,
F RERE T HITEBRE, Image ) 6.0 REHITEIE
M7, AR AL RTINS IX ERETR D /XY RA ST
EEERD FIYEMENE 2. MIEARRIAERHFIZEAE
ERBO BRI IR 0" R EBME B
1.5 Western blotting JEITIZARE p-PI3K. p-AKT F p-
mTOR EHRIAKF

BHIEWT 6 FLIR, FHBMEES, IIAFE
HZEHINEMM, BiEEM T REITEE(RIPA)
PR, BB EREONERRE, £ 15 ug
BEBMNAN sx EEZPREHITH ZIRERERN-B
7 1% Bk % J6% IS EE 7K ( SDS-PAGE) SIS BB 7k D B & A R
&, PRI BB R EN R 45200 mA, 60 min) & B ENTE
WHERLT LR AR b, HER EIANMER A —H1(1:1 000
R T 4 CIMIBRRRIR, FEEMAE—H3Y
N AYARIE B BRI EAWIAY —H1(1:5 000 % 1%) BB
IZE 2 h [FINN ECL, A BRBRBRAFZNFE LI E
£, Image ) 6.0 MHEFHITEHHFEEENT, UFA
NI CNEEBENNS, WHREEZR
KEFTTEE
1.6 FItEDH

ZAHEIER SPSS 24.0 HITHITF D Mo TTER
ELAx + s, K F Dunnett t 94 Si0, & XTAAAE
20, KANEE G ZE 72724 LY2294002 XY Sio,
SEAMT IR, 1IKE a=0.05,

2 %R

2.1 Sio, #ERMAMTWL

2.1.1 TC.FCO CE 2 TG &= 35K 1 B, 50 mg:L™
89 Sio, 73 RIS MLE-12 4R 12. 24. 48 h [5, 5XIER
£HABLL, A RSBV, 4AREMA TC. FC I CE Y
SEZTILMAVES, 24, 48 h HYAEFA S (3T P<
0.01); {B4ARER TG VR EEBRAET(P>0.05),
2.1.2 HELYOVAEELEE WIE 1 PR, R O"RE
[& 4R AR B A AT DA e R B AT 6 B FALIR S R R
Bin %, KINFA—HESER. BEE Sio, RENEIEK,
AR RIBLL B EIRDTIE N, 345 48 h BYAAAE
L BIMALTAE IN&REAE(P<0.01),
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x®1 SiO, £EFMBEANTC, FC. CERTGEE
(n=3, x+5s)
Table 1 The intracellular contents of TC, FC, CE, and TG in
SiO,-stimulated cells (n=3, X  s)

EA{ (Unit):mg-g™

534(Group) TC FC CE TG
33 E (Control) 2.24240.181  1.923+0.158  0.318+0.067  1.424%0.277
12h 2.880£0.395  2.419+0.296  0.460+0.123  1.772+0.586
24h 4.279+0.490°  3.456%0.362°  0.8300.153°  1.424%0.269
48h 5.148+0.544°  4.168+0.433"  0.978+0.134"  1.187+0.073
F 28.75 28.48 18.59 1.39
P <0.01 <0.01 <0.01 >0.05
[3E]* 5x3EBLAEL, P<0.01,

[Note] *: Compared with the control group, P<0.01.

CRpE ELF
V4 ®

N
B
.y
|

2.5
*
2.0
?ﬂi% 1.5
£2 10
o
<
0.5
0
JfF8  24h  48h
Control
CEIA: @5 R; 10 JFHR4H; 2: 24 h; 3: 48 ho BT LFRIRAMERIELL
BERUHI 0" E B, B: BEL . *: SXERAMELL, P<0.01,

[Note] A: Staining results; 1: Control group; 2: 24 h; 3: 48 h. The arrow
shows the intracellular orange-red particles stained by Oil Red O
stains. B: Change. *: Compared with the control group, P<0.01.

1 Sio, #EEMRIHL “0” FBLER
Figure 1 OQil Red O staining results of SiO,-stimulated cells

2.1.3 BEER{L PI3K. AKT. NTOREHSE  Si0, }E
MLE-12 4R 5 PI3K. AKT. mTOR EH &2 1L IN(%K
ERETR), BEMXEEREMRR K. FEERSHIEIN
1N, S3FFRLAFELL, p-PI3K 1 p-mTOR EHRIA TR
F 24 h HRIABIBAEIE S (33 P<0.01), p-AKTEH
E12h HEPBBRIE S (P<0.01), = MR ER
7 48 h Rix&mz= (39 P<0.01), WA 2,
2.2 LY2294002 %7 Si0, &G TLEIR M
221 TC.FC.CEN TG &5 3F 48h G, 5XRA
HELL, Sio, Xt MLE-12 BRI Ze S alE4AAR A TC. FC.
CE¥ = (P<0.01 8 P<0.05), ¥ Si0, Z 3 MY [ B AN
N PI3K #I0IF Ly294002 £[E)ERFAAERY, ] I TC.
FC. CEmIESEBEERT sio, ®REBH(IY P<0.01)0 5

XFHRZAAEEL, LY294002 YEFEF MLE-12 R[S, L BJ %
RAAREA TC. FCHEE(3Y P<0.05), LY294002 X &
MR TG IS ELFM(P>0.05)0 WK 2

20
p-PI3K | — — — ——'l " |[ o XTE& (Control) @ 24 h
PBK_---l . Dlih . = 48 h

P-AKT [ e e w— |

1 s s |

P-MTOR [So s st |

1.0

EQRAE
Expression of proteins

mTOR [ w— o w—] 0.5

GAPDH |— — e —l

0
XEB 12h 24h 48h p-PI3K
Control

CEIA: BBIKE, B: ZEAFRRAE, *: SXRAMLL, P<0.01,

[Note] A: Electrophoretic image. B: Protein expression levels. *: Com-

p-AKT  p-mTOR

pared with the control group, P<0.01.
B 2 SiOo, £ERMMEA p-PI3K. p-AKT. p-mTOR EAKRX
Figure 2 The expressions of p-PI3K, p-AKT, and p-mTOR in
SiO,-stimulated cells

2 LY294002 %t Si0, F+FBREMMATC. FC. CERTGE
EMFm (n=3)
Table 2 Effects of LY294002 on the intracellular contents of TC,
FC, CE, and TG in SiO,-stimulated cells (n=3)

BA{T (Unit):mg-g™

534B(Group) TC FC CE TG

338 (Control) 2.867+0.292  2.217+0.189  0.651#0.171  1.244%0.042
Sio, 5.464:0.4217  4.263:0.298"  1.201#0.269"  1.396#0.115
Si0,+LY294002  3.715+0.306"  3.405+0.365 '  0.309+0.294"  1.359:0.237
1Y294002 2.201+0.227"  1.642+0.163"  0.5590.077" 1.213:0.121
F 58.62 58.39 8.77 1.09

P <0.01 <0.01 <0.01 >0.05

[ 3] S33ERLAMALL, *: P<0.05, **: P<0.01. #: 5 si0, ZA4ALL, P<0.01,

[Note] Compared with the control group, *: P < 0.05, **: P < 0.01. #:
Compared with the SiO, stimulation group, P < 0.01.

2.2.2 SH“O"RBLER 3 F7R, 50 mg-L™ Sio, %
& MLE-12 408 48 h 5, ARETHAL ‘0" R BB G
TR B £ 18 %(P<0.01), & Sio, REWRE AN
LY294002 RYRMIEEY, BRI IHLL 0" EBRIBLAE
kDT sio, FFLH(P<0.01), [AIAT, LY294002 AbIE
HNARABLEFRYNEES T RALLR A IR
EEZ%(P>0.05),

2.2.3 BEEA1L PI3K. AKT. mMTOREHSE 3 48h
&, S3TERLAAELL, Sio, F+& 8 MLE-12 ZAREAY p-PI3K.
p-AKT. p-mTOR EHRIAIE (P <0.01), M SIO,FFH
BIBYAON LY294002 HEMER G, LIARAKIESHNEH
SRS, 5 sio, AEAMBLLERBRITFERENX(Y
P<0.01), SXTERZAMLL, LY294002 XTHAEEY p-PI3K
EEAREE—EIMHIER, XF p-AKT. p-mTOR EH
RIKERNFM(IY P>0.05) WE 4o

wWww.jeom.org


www.jeom.org

510 #445-57238 &% | Journal of Environmental and Occupational Medicine | 2022, 39(5)

Si0,(-)

[>]

LY294002(-)

LY294002(+)

FTE
-

1834 ¢ 2 E {E(Relative IntDen)
oy = N
o wv o

o
«n

X3 H8 Sio, Si0,+

LY294002

Control LY294002

CEIA: REER, SikFRARRNBIEIN /9 HL0" BB, B: ¥
BT, *: S3THEALL, P<0.01; #: 5 sio, 8L, P<0.01,
[Note] A: Staining results. The arrow shows the intracellular orange-red

particles stained by Oil Red O stains. B: Change. *: Compared with
the control group, P<0.01; #: Compared with the SiO, stimulation
group, P<0.01.
3 LY294002 X¥ Si0, REEMIMAHLI “0”
FELERIFM
Figure 3 Effects of LY294002 on Qil Red O staining results of
SiO,-stimulated cells

Sio, - . . _

294002 - - v
p-PI3K|— — — -|
PI3K S ———|
N~

P-mTOR [ g— w— ]

2.0

mTORl- -— - —l

E A FIAE (Expression of proteins)

0
p-PI3K  p-AKT  p-mTOR
O XTEB(Control) B SiO,+LY294002

o Sio, I LY294002
CE]A: BIKE, B: EHKAE, SXTERAAMELL, *: P<0.05, **: P<0.01;
#. 5 sio, 848Lk, P<0.010
[Note] A: Electrophoretic image. B: Protein expression levels. Compared
with the control group, *: P<0.05, **: P<0.01. #: Compared with

the SiO, simulation group, P<0.01.
4 LY294002 3¢ SiO, FHE4MMEA p-PI13K. p-AKT. p-
mMTOR &EHRZARF MM
Figure 4 Effects of LY294002 on the expressions of p-PI3K, p-AKT,
and p-mTOR in SiO,-stimulated cells

3 e

RAFRLERE TR, K9 sio, FeZ Al /&b E
RAFEABE AL S AR, TC. FC 0 CE 12 %, BB (b
7EHY PI3K/AKT/mTOR JBES A (B LR T SRR
S

MLE-12 4REE 2/ N AE 11 B S7 4REa Rk, fisa Il
B RS EFEENERM S, SNIATMAREE
MYIRAE, £FMEAREBERSEEEERAS, B
ElfZ 2R A EEAMAERRKED S E0 20%4
G, BABEEEENEIEIEE, IRFEAFNINA, fHEP
ERAER, REVEEFES YR EERKFEASE
S HR AR E] 22— BE - R 4RRE ot inAY AR
ElEEFEGMMRIR: JNREFITNAEF | B 74
BRBEEER" EIMNEFHARET AR MERRT MK,
HAAE B LA, BRE. BBEE. Mkt &MELMHK
7, B AEIMERAMAE R IE N E R EEEM,
F I Afi 8 - 7 4R AR FRE NV RE B B2 B R RE SRR T4
MES &M INHINREENAEBIE %, PI3K/
AKT/mTOR 5 S B ZRERRNFNERRATERZ
— KR A sio, RSB HE T 128K, RUMAS
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