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Homocysteins upregulates the expression of tumor necrosis factor «, interleukin-6 in
RAW264.7-derived foam cells by inducing miR-33 to activate nuclear factor kappa

B pathway
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[ ABSTRACT] Aim To investigate whether homocysteine (Hcey) upregulates the expression of tumor necrosis factor
a(TNF-a) and interleukin-6 (IL-6) by inducing activation of nuclear factor kappa B ( NF-kB) pathway by miR-33, pro-
motes inflammatory lesions and exacerbates atherosclerosis (As). Methods RAW264.7-derived macrophages were in-
duced by oxidized low-density lipoprotein (ox-LDL) as foam cells, and miR-33 mimics/miR-33 inhibitors were transfected
into cells. Each group received 5.0 mmol/L of Hey intervention; oil red “O” staining was used to determine whether the
foam cell model was successfully induced; Western blot and real-time quantitative PCR was used to determine the protein
and mRNA expression of NF-kB, TNF-a, IL-6; the cellular cholesterol content was analyzed by HPLC. Results The
successfully induced foam cells were stained with oil red “O”, and the nuclei containing lipid droplets were stained red;
compared with other group, the expression of NF-kB, TNF-a and IL-6 protein and mRNA, the intracellular cholesterol
content was significantly increased in the miR-33 mimics group ( P<0.05). No difference was observed in the above inde-
xes between blank group, miR-33 mimics-NC group and miR-33 inhibitor-NC group ( P>0.05). Conclusion Hcy can

upregulate the expression of TNF-a and IL-6 by inducing miR-33 to activate NF-kB pathway, increase inflammatory

[ EH]  2018-05-20 [fEEE#] 2018-07-02

[(E€TA] W79H ARFFEESR I E (2014011040-3)

[EZE® ] AU, B DR A BEFE D5 ) R O A 5 1 PR | E-mail 2 353292006@  qq.com , il {5 1E# R, 4, ml2L
2 W5 A T, W53 0 1) Ry e Ui R Sl S5 16 R , E-mail 9 a055555@ sina.com,



1240

ISSN 1007-3949 Chin J Arterioscler, Vol 26,No 12,2018

reaction and promote atherosclerosis (As).

Bkl HETE AL (atherosclerosis, As) & H Z ) R
R B 18 P FEME R MR 72, — R G RAE K1Y
BCtE A8 1 B AR TR R e R
(homocysteine , Hey ) J& As P 37 f& B PR, Al i i
SEAC LI A AE B 45 3 PN K 40 i B fiE 45 22 A AL
T FEORAS , WFFEIESE Hey il i3 2 F kB (nuclear
factor kappa B, NF-kB) ¥ 12 I i R 5L A F «
(tumor necrosis factor, TNF-a) | 40 il 2 6 (inter-
leukin , 1L-6) B33k , fE 2F 48 5E S 17, Ji As™) 13k
/N RNA ( microRNA , miRNA ) 42 3 45 5K 5 58 19 H4 ,
Z 5IBEUA R A A 9 B AR, HLAH O miRNA 1Y
Tk K0T LU RAE R B AR &7 . miRNA-
33(miR-33) RA LA A E 5, KA S 55
AR H 2 5 2 0E SOy B 4%, AT 3 4 NF-«B i
L TNF-o 1L-6 45 408 T B9 BB . ARSI R
TEWFSE Hey J& 15181415 S miR-33 #4076 NF-«B i %
B9 TNF-o TL-6 B335 AN SEIE S, AR As,

1 #RFFEE

1.1 EEHRFRF

RAW264.7 48 o #k ( b ¥ o B I 20 g o o0, o
E); Hey, RNA 32 BUiR 7 Trizol ( & € £ A 7,
E) ;&AM F E I8 & 8 (ox-LDL) ( ik fn £ I8 2
g, P E);DMEM HERFE(RXELENE, 7 EH);
Fe L (AN HEFH A Y TR MR, F
E);OPTI-MEM % J| 3 %= £ (Gibco 2 7, % H ) ;
LipofectamineTM 2000 %% %% 7| (Invitrogen A ] , %
) s miRNA-33 mimics/inhibitor ( - ¥ & 2 %] 2§ #%
AARAF, FE); #HEFRAG(KETEDT
20, P E),
1.2 FEMH

CO, 3 5= 45 (Thermo /A 7] , £ E ) ; PCR 1L B4R
B ( Bio-Rad, % & ); ]l & # £ & # % ( Nikon
TS100) ; 1K 3 % & HL ( Eppendorf /A &, {2 & ) ; B %%
JE L PB-10 B F KX °F ( Sartorius /A & , £ H ) ,
1.3 RAW264.7 EMELREHILE T

B 77 B RAW264.7 E % 28 1, T 25 cm’
By 3% FR A, B DMEM 35 25 2 (10% fé 2 % 1%
FEBEEN) EBE 37T C.5%C0, 44 TH*,
P 20 Jo, 7B % 3% R EY 80% ~90% i, A A 0.25% HY
JEE A BT 1 s 4 HATHER,

1.4 RAW264.7 IR EFMAMEMIFS

R 2~3 RUE, B K BT B a3k 2 e &
HA LB B R, L5 1.8x10° /L 3
AT FRAR, VL2 A% 40 B o JE BT 70% ~ 80% B, 4 3L Aw
)\ 50 mg/L ox-LDL ¥ & , [ B ¥ % % DMEM 3% 5 3
(4%FEHF MFER 1%F HEZN)FER24h Fma
“CO" g KEFFRE RIS,

1.5 ¢RRm¥E R SRIG 5 4

1.5.1 #%7%k  FFRIJEH RAW264.7 R
K 28 i, AR AE Lipofectamine ™ 2000 # %2 i, 7] ¢, ¥
F o miRNA 893K & B & K 40 nmol/L 34T 4 ¢ | #
ZedT 12 h ¥ 4% & OPTI-MEM T fn v 3 = 5 5% 6~
8h Ja, & 43% T 5.0 mmol/L Hey T (H#FZE &
XTEE4),24 h JE W& M PEAT L 5

1.52 %kau ()R Gt B4.% %3 H
K% S, % F 5.0 mmol/L Hey % & 24 h; (2) miR-33
mimics 41 : ¥ 40 nmol/L miR-33 mimics 3 % N\ 20 L o,
%% 5.0 mmol/L Hey #% & 24 h;(3) miR-33 mimics T
P8 2 . 4% 40 nmol/L 41 miR-33 mimics ¥ 3\ 40 1
#2F 5.0 mmol/L Hey % & 24 h; (4) miR-33 inhibitor
40 . 34 40 nmol/L. miR-33 inhibitor % % \ 47 i &, 4 F
5.0 mmol/L Hey % &24 h;(5)miR-33 inhibitor % f& 41,
¥ 40 nmol/L £ ! miR-33 inhibitor 3 22 N\ 41 jt o, %
¥ 5.0 mmol/L Hey & 24 h,

1.6 HLI“0” %

F— P RAEE W “0” L&), K6 Tl
BR300, F 1B Aty PBS VEUE 3 0K ;4% Pk F RS
10 min J& , BRE I ; B ILAMAL 1.5 mL 2407 %
3% ,30 min B, TRAEEHZ B A THE,
1.7 Western blot ¥l NF-kB, TNR-oe #0 1L-6 HI &
BHRIE

BRR FMREERR, WA PBS #it3 Ka
B3 DL — B ] e N B B AR R e B R T R
(100 : 1), & 7] & T4 4, # & 20~30 min J& ¥ 3
fLHY & A% NHARIC EP & 2 F Bn A AR
B0 (4 °C 12000 r/min 10 min) , ¥ 2 & (Bl
EWMEA)MANE —FEP % ABEATLHRK-80 C
%%, A BCA EaxEFNEEEKE, RIEEK
ERAEIA P HATHR, 2 RTHEB LR R
K HEREAEBE PVDF E L, H A 5%+
TBST £ A] 2 h E# & 1 41,4 CHE R T & J7, TBST
PERE S minx3 K, ERBRIEE D402 h, B A EHE
JE HATEROL (B ECL %),
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1.8 RT-qPCR #&ill miR-33 B%E L ZE K NF-«B,
TNR-a #1 IL-6 mRNA ik

el T W E , WO 2R R, PBS W ik 40 e 3
WK, Trizol R AV 42 B RNA, A 4 4408 8 B i 50
€ RNA WYk JE DL R4 E | f RNA 87 A260/A280 &
FEAE 1.9~2.1 2 8] ; 3% B TAKARA ¥ # 5F X 7| & 3t
B 4 4 % cDNA;PCR 43 K1 415 4 95 CFL & 14
30 5,95 C 5 5.60 °C 30~60 s, /& ¥ 40 % #47 PCR
FBE, PL HS-ACTB 1 % % B, 12 A 27 # 47
Ao
1.9 BRHHERIERUARANERRESS

4 F W e % bR 7 %k vk RAW 264.7 TR %
WK 4L, N — B 1 0.5% NaCl VA, #8 % W0
10 min, ¥ 2 AR YRR R 2 1, 2 B LT R E
By o iy o RE I BF Y $R B, BXA G B9 JH B AT E &
BT R, ET 10 mL 3T, EELHR
SANTEKEHET EP &, 25 & 0,78.125,
156.25 312.5 625 1250 mg/L, ¥ b 3k A5 v & v i 4~
FlENG B R AR L, HEAEE N 10 L, DL E B

BB IR E A AR (X ), TR R LAR(Y
i), H AR E W &, KA Waters K C18 4, Jt 30
A FHE : (50 :50), %% 1 mL/min, 48
40 °C ¥ & 5200 4 T 49 00 A b VB R B e il &
BHF 0L EXBEEBNETR, HH L EH
B & (total cholesterol, TC) Foye & EE 2 (free cho-
lesterol, FC) & , & 8 [E B & & Jif & JE [E B & 4 2
[ B Eg ( cholesteryl ester,CE) By &,
110 Zeit4heE

& A SPSS19.0 4t it 3k #EAT 2 A, B4 39 & A
xks KON, % 4] R R R B B & 7 = 44T (ANO-
VA) 4118 P 7 8k A SNK-q 2 B2 3%, LA P<0.05
HEREHFITFEL,

2 & R

2.1 MO0 SENEMEHNETSE
T8)'E A 22 98O WU WL 3 i T s I Tk
AR e 2T o (1)

Bl 1. MI“0” £ BMBRFEIHIIEH RAW264.7 518K HAE (20x)

A ARZ ox-LDL 75 1Y E WA, Y (0 OL s 35 B 1)

HLIRANAE ; B A2 ox-LDL 5 S IS AR IR AR , T UL 5 N A v PR A e e L €,

Figure 1. Oil red “O” staining was used to observe the RAW264.7 derived foam cells after successful induction(20x)

2.2 Hcy £& miR-33 mimics/inhibitor ] TTRAW264.7
B K 4B AR NF-kB, TNF-o 1 1L-6 EE R X

Pl B U — F W E B9 miR-33 mimics . miR-33
inhibitor 5 Yt 2 RAW264.7 VMR AN , 505 25
¥ 5.0 mmol/L Hey T )5, Western blot £ ill] NF-
kB TNF-a Fl IL-6 HY8E R IA, 45 R kB 5 HE 4
AL, miR-33 mimics 2 A9 NF-kB  TNF-a 1 1L-6 2K
18 35 & 8 0, 1 miR-33 inhibitor 41 i NF-kB .
TNF-o Fl IL-6 £ 335 5 FEAR (& 2)  Hig =400
T2 e
2.3 Hey £ miR-33 mimics/inhibitor JTTRAW264.7
B K 4B AR NF-kB  TNF-a 1 IL-6 mRNA Ri&

PrAE i — E M JF miR-33 mimics, miR-33 in-

hibitor 7% 4 2 RAW264.7 JEE AR A, 4351 44
T 5.0 mmol/L Hey 15 , SEH} 2 & PCR Kl NF-
kB TNF-a Fll TL-6 mRNA A3k, 45 0 & 85 HE
ZHAH G, miR-33 mimics 2 ) NF-kB , TNF-a £l 1L-6
) mRNA 355340, 1M miR-33 inhibitor 41 Y NF-
kB TNF-a Fl IL-6 Y mRNA FEik & FEA% (& 3) , K
A AR AH HL 25 5 00 B
2.4 Hey £ miR-33 mimics/inhibitor T RAW264.7
REEFAm RS E

% miR-33 mimics, miR-33 inhibitor % 4t F
RAW264.7 PR IR0 ML N, 8 [A]— e BE Hey T8
J& , B AR A6 3% A I miR-33 mimics 41l miR-33
inhibitor ZH 4fi Jfd P IH [ B2 55 &, 45 2R /K miR-33
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mimics ZH 40 @ AH 5 552 B 3005, miR-33 inhibitor ZH YA R R A AR (R 1) .
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mimics X820 |4 & miR-33 inhibitor 41,5 & miR-33 inhibitor X 84, a & P<0.01, 5% (X B4 L5 ;b i P<0.01, 5 miR-33 X} R4 W e M
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Figure 2. Western blot detected the protein expression of the NF-kB, TNF-«, IL-6(x+s,n=3)
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& 3. SEAFEE PCR #&il] NF-kB . TNF-« #1 IL-6 mRNA BJ3RIE (x+s5,n=3) 1 28 AR IRZH L2 4 miR-33 mimics 2,3 7 miR-33
mimics X 820 ,4 & miR-33 inhibitor 41,5 5 miR-33 inhibitor X84 . a SN P<0. 01, Sy =p okl HCK b & P<0.01,5 miR-33 X B4 H_’Ax c N
P<0.01, 5 miR-33 inhibitor X 841 L%,

Figure 3. Real-time quantitative PCR detected the mRNA expression of the NF-kB, TNF-«, IL-6(x+s,n=3)
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R 1. FEE¥PEEEZ miR-33 mimics/inhibitor 75 RAW264.7
RMERA RN BEEE S E (xts,n=3)

Table 1. Homocysteine regulates cholesterol content in the
RAW264.7 derived foam cells through miR-33 mimics/in-
hibitor (x+s,n=3)

o TC FC CE CE/TC
(mg/dL)  (mg/dL) (mg/dL) (%)
Ry =pogiicEeE 386+25.1 136+15.2 25010 64
miR-33 ) ) }
. 683+35.1" 246+41.6™ 403+125.8" 59
mimics ZH

miR-33 mimics

IR 391+£9.2  120x12.6  272+6.0 69
miR-33 237+35.6" 91+7.0° 146+40.9* 61
inhibitor ZH T o -

miR-33 inhibitor
*F Ay 399+9.6

a h P<0.01, 525 (X IR4L L4 ;b i P<0.01, 55 miR-33 % IR 41 tb
i ;e A P<0.01, 5 miR-33 inhibitor % AZH HL#5 .

123+11.9  275+19.8 68

3 % i

As S ZFh RE K 7 36 [ 3 B 18 v 4% 1w
AR CRRE N As IR FE B —
Hey /& 580 As MBS fER R 2, Hey H BB N iR 1Y
T BT B A R B4 I 1T 0% NF-kB i 48 13 TNF-
o JL-6 S5 RAEF T A B, FBORIE RN

i NF-kB i 72 L8 980 N+ 1 Bl S 20y
RTINS IR AN I B2 As 928 AU AL
bR . NF-xB 2 A7E T EAZ Y £ 2L p50/
p65 BRI A A (7 S R, S AR A AL R
SHNRUE T, kB AR B R, SRR LS «B
P A e B X 2 5 R R R S R SRk, n
Pk [ TNF-o IL-6 & IL-8 (R Liul7 JiF 52
kB T 2 (A7 7 Hey ILAE VR P BA S8 AT ) 23 5
Hey fi2 i T NF-xB i fb, 5 B R GE [+ 89 BTl
TNF-o VBN EEL W R AE 7, 3 3 P06 22 24 R 1L
HEHPLHE ( mitogen-activated protein kinase , MAPK)
J NF-kB @42 E P8 458 1 1L-6 1L-1B [k
Kilnam 25"V 5158 & 91 NF-«B i TNF-o BOREHR, 1M
B ) TNF-o 23— 20 AR NF-xB 1936 Ak, 3278
FAEJAE N 3L T RS, A JRE R Ak
TR M 4 A8 3B B 116, 7 A T09AE Vi 107 JIT 46
KINIL-6 7] DAL E TNF-o (95300, S22 NF-kB
T A R R I RS B B B, T TL-6 A BRI % 3
KB ZE R4 UEW] NF-kB , TNF-a IL-6 =% HA
PIEIFER T, BRATR L Rh R B, = H Rk

P—F, UL I TE R A 8 Th VR

/N RNA ( microRNA , miRNA ) J& H1 20 ~25 4~
AP BRI () BB RNA , B AR S5 AKOF %35,
AT S 5 UAR R B A Al S0E RO | e P28 S
Fbg g 2 BB IESE R ) miRNA ik
TR VE R TS AE B R AE S i A e, I H R IR 7KK 1Y
HaInfERE TNF-o 1L-6 ff1 25 FH B ¥ ( keratinocyte
che-moattractant ,KC) SERRE N T IR miR-33
VYEN microRNA FJiG I % 5t ,2010 i Rayner %“”
R, BT miR-33 BYMF AR T g BT 4G, (2
5T & 0 3k 2 5 5 E [ b i R 45 38 2o {2 i
RIP140 FEH # 35 I NF-xB £ #F IL- 1B . TNF-a,
1L-6 R, S8 i 2 IE 7R 728, N As, RIP140 1E 2K
— P SR A R, AT IOE NF-xB {5 5 2, o
FERAE R F 1 k™ AT b R A4S T
Hey T ) miR-33 mimics %944 NF-kB ,TNF-a
1L-6 £ [ ¢ mRNA 2235 Y38 i H 40 il i B o 1%
W% i Hey T miR-33 inhibitor ZH AYG 45
N5 miR-33 mimics 21 AH 2 , I HL 240 P9 5 16 o &
U0 A H AR ZH . miR-33 mimics X HR 24 1
miR-33 inhibitor X & £H BT 46 0 48 #5 35) TC 46 12 22
St S H Hey it miR-33 48 NF-«B 5@ % | i#
TNF-o | IL-6 BYREHL , 380 ARAE S, e #E As,

AT B P AT A LI B 5 A A TE— 22
Y R BRE | 422 T R FRAT TS A B 7K~V i — 20 ik
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