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Abstract: [ Objective] To investigate the effects of zinc on the formation of atherosclerotic macrophage foaming and
plaque formation and its mechanism. [Methods] The macrophage foaming model was established by stimulating THP- 1
cells with oxLLDL. The degree of foaming in different zinc concentrations of 0, 30 and 60 pwmol/Lwas detected by oil red O
staining and the intake of lipid by foam cells was measured by Dil-oxLLDL fluorescence. The relevant scavenger protein ex-
pression of CD36, SR—A was detected by immunoblotting. The relative expression level of zinc ion transporters was detect-
ed by real-time fluorescent quantitative PCR. ApoE™ mice were randomly divided into 4 groups, the normal feed group
(Chow group) , the high—fat zinc—deficient group (HFD-ZnD) , and the high—fat normal zinc group (HFD) , high—fat
and zinc—supplement group (HFD-ZnS) , blood lipids and the protein of the mice aorta were detected in the 13 week.
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[ Results ] Compared with the normal zinc group, the oil red O density increased (P < 0.05), and add zinc ion decreased
the intake of the Dil-oxLLDL by foam cells (P < 0.01). In the O pmol/L zinc group, the SR—A and CD36 protein expression
in the foam cells increased (P < 0.05) and 15umol/L Zn’* treatment before stimulating with oxL.DL reduced the contents
of SR—A and CD36 proteins (P < 0.05). Compared the oxLDL-treated group with the control group, the mRNA expres-
sion levels of ZIP10, ZIP12 and ZIP14 increased, and the mRNA expression levels of ZIP4, ZIP7 and ZIP8 decreased
(P < 0.05) ; while the mRNA expression of ZnT4 was up—regulated (P < 0.01) , and the mRNA expression of ZnTI was
down—regulated (P < 0.05). Compared with Chow group, low density lipoprotein cholesterol (LDL-C) , total cholesterol
(TC) and triglyceride (TG) were increased in HFD group and HFD-ZnD group, respectively (P < 0.05) ; HFD-ZnD
group High—density lipoprotein cholesterol (HDL~-C ) was significantly elevated. Moreover, the LDL-C of the HFD-ZnS
group was significantly lower than that of the HFD—ZnD group (P < 0.05). The SR—A protein of the mice aorta of the HFD
and HFD-ZnD group increased compared to the Chow group (P < 0.01) , HFD—ZnS could restrain the increase (P < 0.05).
Compared with the Chow group, the ratio of plaque area in the aorta to the total arterial lumen area was significantly in-
creased in the HFD=ZnD group (P < 0.01), and HFD-ZnS significantly inhibited this increase (P < 0.01). [Conclusions]
Extracellular zinc deficiency aggravates lipid deposition in macrophages , and the mechanism may be regulated by up-reg-
ulating the scavenger receptor CD36 and SR—A. Zinc ion transporters are involved in macrophage foaming and formation of

arterial plaques. Zinc deficiency can increase LDL—C and promote the increase of arterial plaque induced by high—fat diet.
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Table 1 Primers
Target primer sequences(5'-3") Target primer sequences(5'=3")
H-ZnTI-F TGTGGGACACTACCACAAGC H-ZIP3-R GCTCTCATACTCCGAGTCGC
H-ZnTI-R CAGCTTTAGTCCTCCTGGGC H-ZIP4-F CACAGTCCCTCTTCTCCCCA
H-ZnT2-F CCAGCGCCAGCTGTATGTAG H-ZIP4-R CTGCTTCCCCAACTACAGGG
H-7nT2-R CTGATGAGCATGCTGGCAAA H-ZIP5-F TGTCTCCTGCTATCAGGGCT
H-ZnT3-F CAGTTCGCTCCACTCTGGTG H-ZIP5-R GGTCCCCTATTAGGCCTTGC
H-7ZnT3-R CTGGAGAGGGCTCCATGTTC H-ZIP6—-F AATGAAACCACCGCGTGTTC
H-7ZnT4-F GAACCTGTCAGACCTGGGGA H-ZIP6-R CATTGCGCCTTCGTCTCCG
H-ZnT4-R CAACTCATCTCCCCGCCC H-ZIP7-F GGGATCTAAAGGCGGGACTG
H-ZnT5-F TTGACATTCCAAGCTGCTTATC H-ZIP7-R GCCCTCGTCTCTACGACTCA
H-ZnT5-R TGAAAGCTTACCACTGCTTGG H-ZIPS-F CCGGGAGGAGCATATGTACG
H-ZnT6-F GGAAAACTCGAGCACCCAGA H-ZIP8-R GAGATAAAGGCCACCAGGGC
H-ZnT6—R CCTTCGGTCAGCTGCTACAA H-ZIP9-F ATGGCAGCTGTAGTATCGGC
H-ZnT7-F TAGACGGGGTAGAGTCAGCC H-ZIP9-R CCTAGGGGTTCAGCAGCAAA
H-ZnT7-R CCCTTAGCTGTGAACTCCCC H-ZIP10-F GACGTTCGAAAGCCAGGAGA
H-ZnT8-F CTGGCCGTCATGGAGTTTCT H-ZIP10-R CAAGTCTACGCAAACTGCGG
H-ZnT8-R TGTTGGAGTTCCACACTTTCT H-ZIP11-F GGAGGGAAGCAGGAAGTGAC
H-ZnT9-F GTGGGGACCTTGGAAACAAGT H-ZIP11-R GCTGGATACAGTAGGGTGCC
H-ZnT9-R CTGTGTCCTGCTGAGTTGCT H-ZIPI12-F TCTCAGTATCCTGGGTGCCA
H-7ZnTI0 -F CGCCACTCCTTTAGACTCTGG H-ZIPI2-R GGTCACCAGCAGAGAGAACC
H-ZnTI10-R CCTCCCAGATTGTCTCGCC H-ZIPI3-F CCCAAGGGAGTAGTTGGGTG
H-ZIP1-F GCGCCAGAATATGAATCGCC H-ZIPI3-R AGGCGATGTAGAGAAAGCCG
H-ZIPI-R CCGGGAGTGACGTCAGTTAG H-ZIP14-F GAATGAGCAGACGGAGGAGG
H-ZIP2-F TCATCACCGGCTAGTCCTCA H-ZIP14-R AGAGGGAGATGACGGTCACA
H-ZIP2-R TTGCTGATCTGTTCTGCACCA H-GAPDH F CCTCCCGCTTCGCTCTCT
H-ZIP3-F CTGGGCTTCTTCATGACCGT H-GAPDH R GGCGACGCAAAAGAAGATG
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A R 32 FH SPSS 19.0 - #k 2 5 L 11W T g 52
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F (P <0.01), —&fE Lg 17 iR,
100 mg/L oxL.DL 4 ¥ 21 fifg 48 h 5 {il & 1= L Wit 40
MR AL IS, 5 % HEZHAH EL , iR 20 36 1K 41 i Xt
Dil-oxL.DL {9 45 H & 2 JC 35 38 5 {H b 728 15
FJ5 , A P Dil-oxLDL [ 55 U FE AR (P < 0.01;
K1,2),
22 AEAHEBFREIFEXRZECD36.SR-A
RIEHI T

EIEF IR BT SR-A FHH &
KA. 0.4 wmol/L [ TPEN ik BEAH L , 75
oxLDL 4k B4 it 48 h /5 , L UK 4f il SR—-A #1 CD36
R T LU IR ZH 2B 3. 15 pmol/L Zn™* i
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Con Zine deficient Zn**+30 pwmol/L Zn**+60 pwmol/L
2) = Con
25 - 3 Zinc deficient
- 3 Zn**+30 pmol/L
Con ‘§ 20 4 2) D 3 Zn*+60 pmol/L
¢ Z 154 é
© 4 4 X % E
- 5" 2- 3 . = € 2 v __; 10 4 é E 9 E
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oxLDL e ot oae 3 - s Z 54 g
¢ ; % i ° o
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A ‘Con  oxIDL B

A: THP-1 were induced to differentiate into macrophages, cells were pretreated with TPEN (0.4 pmol/L) , Zn** for 6 h, and then were treated

with oxLDL (100 wg/mL) for 24 h, then stained with Oil-Red O to analyze foam cell formation, and observed with phase contrast microscope. Bar =
100 pm. B: Con group (H=1549, P=0.0014), oxLLDL group. 1 )P <0.05, vs. Con; H=14.22,2)P<0.01; n=4.
B SREEEin B4 R ek

Fig.1 Zinc deficiency upregulated the formation of foam cells

Con Zinc deficient
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Zine deficient
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Relative fluorescence irtensity/ pmol/L
~

Con oxLL.DL
B

A: THP-1 were induced to differentiate into macrophages, cells were pretreated with or without TPEN (0.4 pmol/L) , Zn’* for 6 h, and then

were treated with oxLLDL (100 pg/mL for 24 h, then incubated with Dil-labeled ox—LDL (20 pg/mL) for 4 at 37 °C. Lipoprotein—uptake was mea-
sured with fluorescence microscope. Bar = 50 wm. B: H = 11.18, P =0.0037, 1)P <0.01, n=5.

B2 BREFIEINE L4 A R X Dil-oxLDL
Fig.2 Zinc deficiency upregulated the Dil-oxLDL uptake by macrophage
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2.4 AEEERE R INR I AS B 2200

FHBEAS I T M As PU T, 25 5 s, = R R
13 )8 2 )5 , 5 Chow 41 X}t , HFD 1 HFD-ZnD 21

/N BB I Z2 45 bR 48 835 T (P < 0.05; 4 2)
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THP-1 cells were induced to differentiate into macrophages by pretreated with 0.1 pwg/mL PMA for 48 h, macrophages were pretreated with
Zn** for 6 h and then were treated with LDL or oxL.DL (100 pg/mL) for another 24 h. SR—A (A ) and CD36(B) protein expression levels were deter-
mined with western blot. A: H =20.01, P=0.0012; 2)P <0.01 vs. control. B: H=19.45, P =0.001 6; 1)P < 0.05 vs. control; n = 5.

mRNA relative expression of ZIPs
o
L

B3 FEHETFREXFEXRZESR-A.CD36EBRIENFM
Fig.3 Effect of Zn™ on SR-A and CD36 protein expression in macrophages foam cell formation
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mRNA relative expression of ZTNs
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THP-1 were induced to differentiate into macrophages by pretreated with PMA for 48 h, and 100 wg/mL ox=LDL or not for 24 h. The mRNA ex-
pression levels of ZIP( A) and ZnT(B) family were determined with —-RTPCR. 1)P < 0.05 , 2)P < 0.01 vs control ; t—test was used; n=3
B4 oxLDL N0 $E4 15 (4 ZK %k mRNA B3R i%

Fig.4 Effect of ox—~LDL on the mRNA expression of ZIP and ZnT family
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Table 2 Serum lipid, lipoprotein

Groups TC/(mg/L) TG/(mmol/L.) LDL-C/(mmol/L) HDL-C/(mmol/L.)
Chow 12.89+4.06 0.76+0.24 3.19+0.66 1.39+0.35
HFD-ZnD 18.50+3.28 " 1.32+0.33” 6.55+1.027 3.15+1.16"
HFD 18.55+4.55" 1.28+0.40 5.42+1.107 2.22+0.84
HFD~ZnS 19.11+4.05 1.21+0.33 4.56+0.86" 2.51+0.76

F 3.976 3.986 13.92 5.147

P 0.0173 0.0195 <0.001 0.0058

HFD: high fat diet; ZnD: zinc deficiency; ZnS: zinc supplement.Bonferroni test after ANOVA, 1) compared with Chow, P <
0.05; 2) compared with Chow, P < 0.05; 3) compared with Chow, P < 0.001; 4) compared with HFD-ZnD, P < 0.01; 5) com-
pared with Chow, P <0.01; n=9.
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Fig.5 Effect of different diet on SR—A protein expression in the aorta of mice
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Fig.6 The effect of zinc on atherosclerosis plaque formation in aorta of mice
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