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Abstract

The incidence rate of type 2 diabetes is on the rise worldwide. It is estimated that by 2045, the
number of diabetes patients worldwide will reach 783.2 million. Although the control rate of type
2 diabetes has been greatly improved in recent years, cardiovascular disease is still an important
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cause of death, especially coronary atherosclerotic heart disease (CHD). Coronary heart disease is
based on atherosclerosis, and diabetes has a superimposed effect on the occurrence and progress
of atherosclerosis, exceeding the dyslipidemia itself , indicating that diabetes induced lipid meta-
bolism disorder may accelerate diabetes related atherosclerosis. Therefore, this article reviews
the mechanism of lipoproteins in atherosclerosis in patients with type 2 diabetes and coronary
heart disease.
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1. =

2 ZUE PR KB A I S R BRIy % P T i 1 R B (HDL-C) /K P B A ER 28525 2 1 I ] e
(LDL-C)/KFTFt i =B H (TG /K P Tt 8o W 78 EAESLMLIE HDL /K15 56 O AU 2 18] 2 5 A 9S[1] [2]
[3][4] [5]. HHLHIDy HDL BA G KM FERE AR A, 32 Bdd (i 32 AR ] A\ s A it s« Ao sl ks
BEREALBEER . $06] LDL OB DD A JRE . G5 N B K S el F i 1] [2] [3] (4] [5] #%
MW FUHE S 2 A A0 B B A o R 4 AR A . SR R AR R B AL (ApoAD)RIZERAE & 4 B (ApoB)SE
P R AR ENGE A . ApoAl /25 HDL-C AHGH R ZAGE A, wlRE AR [ A AL A4 2H 202 5 21 AT 2k
Ao AR, AT [907 L AL ] 7 I 7 B R o TR, Apo AL LA 3100861 350 Fik ks B AR AL BRE R TR J A0 1
ApoB J& LDL-C M EZ#NEE A, 1Ml LDL-C /&3l ik oF A R AL BT e (1) 8 B0 B 7y, & sl kol R 1) =
BAERFE 6] [7]. L, ApoB/ApoA-1 HUAR S M T 35S ik ik B AL AO G120 Bk 346 R R AL -, KPR
i, MRE TR p R SRk Er, A e O 1 RSB v

2. $BEEBRS T2DM X &R
2.1. IGEREES

HHIRT ApoAl. ApoB I {EE T2DM K2 A1 I RER WA B . 2 B0 53R B T2DM fB5 %
5 ApoAl /KF[8] [9] [10] [11]2FAHIK, ApoB LLK ApoB/Al LB (B S IEAHIC[8] [11] [12] [13]. X
fF4&, Onat 2 N7E L HH ABEF RZILMTE ApoAl 5HE PR 2 IEAHIE[14]. 10 Mellor 25 ATE 759 44 Lotk As
JIEE TR R HITRES 12 BA A7) o R B LT Apo AT 5588 PRI KUKE TR 151 [RIINF, XF 9026 44 3% [ N FEHEAT (4L X B
ik ks REAE Ak XU BIF 72 AR FR1E ApoB Al ApoB/A1 LLAE X B JRIFG (I TCRE M 16]. 7F Aryan 26 NBF 7t —20
KL ApoB/A1 LUAE S 2 BYWE FRIp BOGUILE HRAE 2 [A] ToAH [ 17]. Fatemeh Moosaie 55 ATEXT 1057 45
T2DM EHELL 5 FERIBEVI G TN 7T, 25 EIR ApoB B LU AE 55 PR I RORE 2 18] FI A &P TE
Gt 18] [k, ApoAl. ApoB KILAEHS T2DM A I AE [A] 1) KRR et — D0 7L .

2.2. HEEEHS T2DM Bk B LRBENS

2.2.1. {EATREEE R EHIER
H AT 7e 46 ) ApoAl [ EA BRSPS FERELL/EF[19] [20], 111 ApoB WA 3502 ik s A figi £ AL 3]
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BEYURAAE N R S BB IKEESR [ 13]0  [FI, CEARSNFNZNPI0T Se it — 0 K B ApoAl F1 ApoB FIHLE(EHE
PRIFVEF[21] [22] [23] [24]. 3RS, T2DM 225 1 JH [ B2 H fe 0 FRAIG, 78 e 0o J gk — 2 BRI [25]
[26]. B, M1iE ApoAl. ApoB. ApoB/Al HUAH 5 T2DM KBt nl @it /E T RCT B KIEFH. &
%6, ApoAl RIDAMIINE BENLAING 0T L2 IR B UK, PRARNE RS &Rt SUR | S, 1Rgs B
L I 9 PRI RE T B Ak, ApoAl BRI Ik iR ER B RV 14 B 1 B XS B B LR U PR 8 R
K A0 ) T BB B[ 27 25—, ApoB B IS AE A M 214 J AR 17 0 AU A2 Sk ) g Js 400 L 1) e [ 28]«
= BURE PR R AT U S R ARPU[29]. — TR Y] ApoB/AL HUAE /2 3% [E R R w32 3 Al
Hh A e 52 X3 1 s R AR P A ST TR0 R -, HLZBIE 72 4 Y ApoB/AT U AH 5 % & ZHKPT 2 (A1 IEAH G,
AT e/ M1 ApoB Hfik B Z AT 5 RIEIRESAT K([30].

22.2. ik, MELKMAERESER

SOV R R A R R S B KB R RE AL BE UIAH DG, S K REREAL 2 B ik 9 2 Fh S RE A IR Rl 12 5 2 M A
FIMIEE o W0 R A SN 28 FEAE T2DM B 3 A B 2 b R ¥R BB, A IR 8 1 v 1T
PR T AL L N R A, 0P SOE 40 B DR 7 (9 4 R S Bl K R AL BE BRI T B, AT 5 BB
LI 1140 R A R R J R LAt 3 ik o A5 B A6 AR [25] [26]

JeRTWE e HDL dl i BB E A T U 9 B i pe ke 7 %, - HLH 4% HDL i 5 P B 4l i 1A —
ANAEAEHENOS), G NO Beu34hn, Wb W AR, Bk 0 2+ P2 T IR,
TN R AT 5125 . 1 ApoAl 7E HDL /™S EM B Ry e B A% OFEF . %, ApoAl @it
5T R BRI SIE R N . HIR, ApoAl RRIIMA B 7= A — S AL BRI AT ZU 3 3%, R BT E A
PURAER[1] [2] [3] [4] [5]. BOERFFEAEH ApoAl It IERRIE 2 M PRI PN B KPRl i iE 280E K
FEAER[31] [32].

BRI, ApoB 1T Ld IS S5 REALIE-1 256, R RCHE 22 1 98 A 20 B DX 5~ (Cn A9 SR BB R F--o IL-18 1 TL-6)
SR EE 9 i . 5 B0 ik ok R AL T A [33]

2.2.3. ApoAl ZHSTEEMZE T2DM RIPKRHERE LK {ER

DA R B ApoAl HIS5 15 Dhfie 56 B X R DU K FERE A 2 A 1, 1 /E T2DM 35 Rk
L ApoAl MR S IRECRA, X AT ARG RONE RO FB 3 Sl K REEAL R A, A8 2 oo 98 AU 38

AUEHETR IR0 ApoAl 75 5012 2 ik o A A Ak 280 B I 35 45 #1202 [34] - ApoAl RTE T2DM 3
PRPIBEAL, X R RE A T T LA AR B AR R N B AL BE T, TR BT g 45 H 55 X Y
BBt R AE R [35] [36] [37]. ARFFLHE— 2 KL HMEEALKF5 BRI+ ApoAl B ae ) 2 Al
K, BN ApoAl @i 7 AR IR AL IRE RGO T B SR 5, T3 B0 B WA B ) SR R0 ) BRI,
0 E VA0 R A R TR DAJL ApoAl AT DLE #E4EA LPS, fiiHifk ApoAl 5 LPS 1454 kb
[38]. ULk, 7& T2DM H ApoAl i&n] LB A . Al AL A& A S54E FHBEA T2 16[39] [40].

2.2.4. LP(a)B9{EFH

Lp(a) & 7EHE & H (a)Fl ApoB-100 Z [ AN BRI T L[4 110 H BTOCT LP(a) e e 0o o ) A
DIRe A INLE HANTE 2, T LPZER R B E R R Az Hb . fERZHIRFi, Lp(a)i B 11
T ek O 1) v AR DG [42] 0 [RIEE,  ZERE RO R v LP(a) ik P 38 n 5 e Ca s 1140 s AR AF DG [43] [44]
[45]. SR, fE—LERfERdaH Lp(a)5 2 BURE PRI H ACRETC K [18]. H M ATEHE LP(a)ik 2155 2 2K
PRIF SRR 5 AP RG A 6 H AN U B R MUE R K Lp(a)RFE[46] [47]. Hh—Leff 5o R B 2
R PR 575 1) LP(a) ik FE A AR [48], T 53— LB HfF 58 K B LP(a)i FE T B AR [49] [50]. FE— Tt R 58
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7H AF 7 55 BN /N 0 BRI ST ey, R UK PR (B 1K) LP )ik BEAIR T X R AL, 855K LP(a) 5 2 2
HEPRIPT IR S S ) AH 5%, I LP ()R B AT BE 2 JBR ) SR AR AR 5 [50]. PRI LP(a) 72 & FARGTATRE AR
TR AR — B A 5, A B LA LA

2.3. Hib#lEl

Britb, sEARBIIKGE S 2 BORE R A T B A R S 5 A TE . B TR SR AE R PR R
HIBh ks AL i R IAAE K KIR T 15 (GDF1S). B &, JRECER . 2% RE AR 1 (HTRAL). #EH
) 1 Y. GDF1S W RBEgSRE . A AL RIBCRIGR A, HAE BRI M- T 40, iy 4t e
T2 RIB[S1]. IR AAPUEN . BrR . Pish R RERIL AR & =G 8UER, Ml AR MERE.
BRI A G B B AL B S B R M R T R [52] [53]. HTRAL RIS S8 AL A2 s le /R, S 540
il LA KR F-b (5 546 T B HEANAAE T FIA ST EGFR/AKt JB#%[54] [55]. Ba a2 E 1 ATRELE
O FULEH Ff A0 55 J57 B SRR i 5 AR R AR FH[56] [57] Rk, G Al e i it bk W Sz e bR 95 Hr 1)
K FERE LTRSS .

3. IhEE

LREPTE, 2 RUWEpRp A 2 AR R QSR AR, 3 0 R R Sl R AE R A i S o L
o PRIR I G S 5 B) T FURIR T CE 5 e 2 BB PR A8 IO ZE AR R R L

SE

[1] Rye, K.A. and Barter, P.J. (2014) Cardioprotective Functions of HDLs. Journal of Lipid Research, 55, 168-179.
https://doi.org/10.1194/j1r.R039297

[2] Rosenson, R.S., Brewer, H.B., Ansell, B., et al. (2013) Translation of High-Density Lipoprotein Function into Clinical
Practice: Current Prospects and Future Challenges. Circulation, 128, 1256-1267.
https://doi.org/10.1161/CIRCULATIONAHA.113.000962

[3] Navab, M., Reddy, S.T., Van Lenten, B.J. and Fogelman, A.M. (2011) HDL and Cardiovascular Disease: Atherogenic
and Atheroprotective Mechanisms. Nature Reviews Cardiology, 8, 222-232. https://doi.org/10.1038/nrcardio.2010.222

[4] Favari, E., Thomas, M.J. and Sorci-Thomas, M.G. (2018) High-Density Lipoprotein Functionality as a New Pharma-
cological Target on Cardiovascular Disease: Unifying Mechanism That Explains High-Density Lipoprotein Protection
toward the Progression of Atherosclerosis. Journal of Cardiovascular Pharmacology, 71, 325-331.
https://doi.org/10.1097/FJC.0000000000000573

[S] Schwertani, A., Choi, H.Y. and Genest, J. (2018) HDLs and the Pathogenesis of Atherosclerosis. Current Opinion in
Cardiology, 33, 311-316. https://doi.org/10.1097/HCO.0000000000000508

[6] Rader, D.J., Hoeg, J.M. and Brewer, H.B. (1994) Quantitation of Plasma Apolipoproteins in the Primary and Second-
ary Prevention of Coronary Artery Disease. Annals of Internal Medicine, 120, 1012-1025.
https://doi.org/10.7326/0003-4819-120-12-199406150-00008

[7] Sniderman, A.D. and Faraj, M. (2007) Apolipoprotein B, Apolipoprotein A-I, Insulin Resistance and the Metabolic
Syndrome. Current Opinion in Lipidology, 18, 633-637. https://doi.org/10.1097/MOL.0b013e3282f0dd33

[8] Chou, Y.C., You, S.L., Bai, C.H., Liao, Y.C., Wei, C.Y., Sun, C.A,, ef al. (2020) Utility of Apolipoprotein Measure-
ments in Predicting Incident Type 2 Diabetes: A Chinese Cohort Study. Journal of the Formosan Medical Association,
119, 51-58. https://doi.org/10.1016/j.jfima.2019.03.001

[91 Wu, X, Yu, Z., Su, W., Isquith, D.A., Neradilek, M.B., Lu, N., et al. (2017) Low Levels of ApoAl Improve Risk Pre-
diction of Type 2 Diabetes Mellitus. Journal of Clinical Lipidology, 11, 362-368.
https://doi.org/10.1016/j.jacl.2017.01.009

[10] Hwang, Y.C., Ahn, H.Y., Park, S.W. and Park, C.Y. (2014) Association of HDL-C and Apolipoprotein A-I with the
Risk of Type 2 Diabetes in Subjects with Impaired Fasting Glucose. European Journal of Endocrinology, 171, 137-142.
https://doi.org/10.1530/EJE-14-0195

[11] Hashemi, M., Saadat, M., Behjati, M. and Kelishadi, R. (2012) Comparison of Serum Apolipoprotein Levels of Di-
abetic Children and Healthy Children with or without Diabetic Parents. Cholesterol, 2012, Article ID: 490381.

DOI: 10.12677/acm.2024.141089 643 I IR = =23t e


https://doi.org/10.12677/acm.2024.141089
https://doi.org/10.1194/jlr.R039297
https://doi.org/10.1161/CIRCULATIONAHA.113.000962
https://doi.org/10.1038/nrcardio.2010.222
https://doi.org/10.1097/FJC.0000000000000573
https://doi.org/10.1097/HCO.0000000000000508
https://doi.org/10.7326/0003-4819-120-12-199406150-00008
https://doi.org/10.1097/MOL.0b013e3282f0dd33
https://doi.org/10.1016/j.jfma.2019.03.001
https://doi.org/10.1016/j.jacl.2017.01.009
https://doi.org/10.1530/EJE-14-0195

[12]

[13]

[14]

[16]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

(23]

[26]

[27]

(28]

[29]

[30]

https://doi.org/10.1155/2012/490381

Zheng, S., Han, T., Xu, H., Zhou, H., Ren, X., Wu, P., et al. (2017) Associations of Apolipoprotein B/Apolipoprotein
A-I Ratio with Pre-Diabetes and Diabetes Risks: A Cross-Sectional Study in Chinese Adults. BMJ Open, 7, Article ID:
014038. https://doi.org/10.1136/bmjopen-2016-014038

Hwang, Y.C., Ahn, H.Y., Kim, W.J., Park, C.Y. and Park, S.W. (2012) Increased apoB/A-I Ratio Independently Asso-
ciated with Type 2 Diabetes Mellitus: Cross-Sectional Study in a Korean Population. Diabetic Medicine, 29, 1165-1170.
https://doi.org/10.1111/j.1464-5491.2012.03622 .x

Onat, A., Komurcu-Bayrak, E., Can, G., Kucukdurmaz, Z., Hergenc, G., Erginel Unaltuna, N., et al. (2010) Apolipo-
protein A-I Positively Associated with Diabetes in Women Independently of Apolipoprotein E Genotype and Apolipo-
protein B Levels. Nutrition, 26, 975-980. https://doi.org/10.1016/j.nut.2009.09.023

Mellor, D.D., Georgousopoulou, E.N., D’Cunha, N.M., Naumovski, N., Chrysohoou, C., Tousoulis, D., et al. (2020)
Association between Lipids and Apolipoproteins on Type 2 Diabetes Risk, Moderating Effects of Gender and Poly-
morphisms, the ATTICA Study. Nutrition, Metabolism and Cardiovascular Diseases, 30, 788-795.
https://doi.org/10.1016/j.numecd.2020.01.008

Ndumele, C.E., Matsushita, K., Astor, B., Virani, S.S., Mora, S., Williams, K.E., ez al. (2014) Apolipoproteins Do Not
Add Prognostic Information beyond Lipoprotein Cholesterol Measures among Individuals with Obesity and Insulin
Resistance Syndromes: The ARIC Study. European Journal of Preventive Cardiology, 21, 866-875.
https://doi.org/10.1177/2047487312465523

Aryan, Z., Afarideh, M., Ghajar, A., Esteghamati, S., Esteghamati, A. and Nakhjavani, M. (2017) Conflicting Interac-
tions of Apolipoprotein A and High Density Lipoprotein Cholesterol with Microvascular Complications of Type 2 Di-
abetes. Diabetes Research and Clinical Practice, 133, 131-141. https://doi.org/10.1016/j.diabres.2017.07.037

Moosaie, F., Firouzabadi, F.D., Abouhamzeh, K., Esteghamati, S., e al. (2020) Lp(a) and Apo-Lipoproteins as Predic-
tors for Micro- and Macrovascular Complications of Diabetes: A Case-Cohort Study. Nutrition, Metabolism & Cardi-
ovascular Diseases, 30, 1723-1731. https://doi.org/10.1016/j.numecd.2020.05.011

Moore, R.E., Kawashiri, M.A., Kitajima, K., Secreto, A., Millar, J.S., Pratico, D. and Rader, D.J. (2003) Apolipo-
protein A-I Deficiency Results in Markedly Increased Atherosclerosis in Mice Lacking the LDL Receptor. Arterios-
clerosis, Thrombosis, and Vascular Biology, 23, 1914-1920. https://doi.org/10.1161/01.ATV.0000092328.66882.F5

Benoit, P.P., Emmanuel, F.P., Caillaud, JM.M.D., Bassinet, L., Castro, G.P., Gallix, P.D.V.M., Fruchart, J.C.P., Bra-
nellec, D.P., Denefle, P.P. and Duverger, N.P. (1999) Somatic Gene Transfer of Human apoA-I Inhibits Atherosclero-
sis Progression in Mouse Models. Circulation, 99, 105-110. https://doi.org/10.1161/01.CIR.99.1.105

Schmidt, A.F., Joshi, R., Gordillo-Marafiéon, M., Drenos, F., Charoen, P., ef al. (2023) Biomedical Consequences of
Elevated Cholesterol Containing Lipoproteins and Apolipoproteins on Cardiovascular and Non-Cardiovascular Out-
comes. Communications Medicine, 3, 9. https://doi.org/10.1101/2022.03.11.22272251

Tang, S., et al. (2019) Apolipoprotein A-I Enhances insulin-Dependent and Insulin-Independent Glucose Uptake by
Skeletal Muscle. Scientific Reports, 9, Article No. 1350. https://doi.org/10.1038/s41598-018-38014-3

Wu, B.J., et al. (2019) Apolipoprotein A-I Protects against Pregnancy-Induced Insulin Resistance in Rats. Arterioscle-
rosis, Thrombosis, and Vascular Biology, 39, 1160-1171. https://doi.org/10.1161/ATVBAHA.118.312282

Zhang, X., et al. (2015) Genetic Polymorphism of APOB Is Associated with Diabetes Mellitus in Sickle Cell Disease.
Human Genetics, 134, 895-904. https://doi.org/10.1007/s00439-015-1572-3

Saleheen, D., Scott, R., Javad, S., Zhao, W., Rodrigues, A., Picataggi, A., Lukmanova, D., Mucksavage, M.L., Luben,
R., Billheimer, J., et al. (2015) Association of HDL Cholesterol Efflux Capacity with Incident Coronary Heart Disease
Events: A Prospective Case-Control Study. The Lancet Diabetes & Endocrinology, 3, 507-513.
https://doi.org/10.1016/S2213-8587(15)00126-6

Tsun, J.G., Shiu, S.W., Wong, Y., Yung, S., Chan, T.M. and Tan, K.C. (2013) Impact of Serum Amyloid A on Cellular
Cholesterol Efflux to Serum in Type 2 Diabetes Mellitus. Atherosclerosis, 231, 405-410.
https://doi.org/10.1016/j.atherosclerosis.2013.10.008

Fritzen, A.M., Domingo-Espin, J., Lundsgaard, A.M., Kleinert, M., Israelsen, 1., Carl, C.S., et al. (2020) ApoA-1 Im-

proves Glucose Tolerance by Increasing Glucose Uptake into Heart and Skeletal Muscle Independently of AMPKa,.
Molecular Metabolism, 35, Article ID: 100949. https://doi.org/10.1016/j.molmet.2020.01.013

Skogsberg, J., Dicker, A., Rydén, M., Astrém, G., Nilsson, R., Bhuiyan, H., et al. (2008) ApoB100-LDL Acts as a
Metabolic Signal from Liver to Peripheral Fat Causing Inhibition of Lipolysis in Adipocytes. PLOS ONE, 3, e3771.
https://doi.org/10.1371/journal.pone.0003771

Watts, G.F., Ooi, E.M. and Chan, D.C. (2009) Therapeutic Regulation of apoB100 Metabolism in Insulin Resistance in
Vivo. Pharmacology & Therapeutics, 123, 281-291. https://doi.org/10.1016/j.pharmthera.2009.04.005

Sierra-Johnson, J., Romero-Corral, A., Somers, V.K., et al. (2007) ApoB/apoA-I Ratio: An Independent Predictor of

DOI: 10.12677/acm.2024.141089 644 I IR = =23t e


https://doi.org/10.12677/acm.2024.141089
https://doi.org/10.1155/2012/490381
https://doi.org/10.1136/bmjopen-2016-014038
https://doi.org/10.1111/j.1464-5491.2012.03622.x
https://doi.org/10.1016/j.nut.2009.09.023
https://doi.org/10.1016/j.numecd.2020.01.008
https://doi.org/10.1177/2047487312465523
https://doi.org/10.1016/j.diabres.2017.07.037
https://doi.org/10.1016/j.numecd.2020.05.011
https://doi.org/10.1161/01.ATV.0000092328.66882.F5
https://doi.org/10.1161/01.CIR.99.1.105
https://doi.org/10.1101/2022.03.11.22272251
https://doi.org/10.1038/s41598-018-38014-3
https://doi.org/10.1161/ATVBAHA.118.312282
https://doi.org/10.1007/s00439-015-1572-3
https://doi.org/10.1016/S2213-8587(15)00126-6
https://doi.org/10.1016/j.atherosclerosis.2013.10.008
https://doi.org/10.1016/j.molmet.2020.01.013
https://doi.org/10.1371/journal.pone.0003771
https://doi.org/10.1016/j.pharmthera.2009.04.005

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[48]

[49]

Insulin Resistance in US Non-Diabetic Subjects. Furopean Heart Journal, 28, 2637-2643.
https://doi.org/10.1093/eurheartj/ehm360

Meriwether, D., Sulaiman, D., Volpe, C., Dorfman, A., Grijalva, V., Dorreh, N., ef al. (2019) Apolipoprotein A-I Mi-
metics Mitigate Intestinal Inflammation in COX2-Dependent Inflammatory Bowel Disease Model. Journal of Clinical
Investigation, 129, 3670-3685. https://doi.org/10.1172/JCI1123700

Gabas-Rivera, C., Barranquero, C., Martinez-Beamonte, R., Navarro, M.A., Surra, J.C. and Osada, J. (2014) Dietary
Squalene Increases High Density Lipoprotein-Cholesterol and Paraoxonase 1 and Decreases Oxidative Stress in Mice.
PLOS ONE, 9, ¢104224. https://doi.org/10.1371/journal.pone.0104224

Lee, J.Y., Kang, M.J., Choi, J.Y., Park, J.S., Park, J.K., Lee, E.Y., et al. (2018) Apolipoprotein B Binds to Enolase-1
and Aggravates Inflammation in Rheumatoid Arthritis. Annals of the Rheumatic Diseases, 77, 1480-1489.
https://doi.org/10.1136/annrheumdis-2018-213444

Alvarez, C.A., Lingvay, 1., Vuylsteke, V., Koffarnus, R.L. and McGuire, D.K. (2015) Cardiovascular Risk in Diabetes

Mellitus: Complication of the Disease or of Antihyperglycemic Medications. Clinical Pharmacology & Therapeutics,
98, 145-161. https://doi.org/10.1002/cpt.143

Hoang, A., Murphy, A.J., Coughlan, M.T., Thomas, M.C., Forbes, J.M., O’Brien, R., ef al. (2007) Advanced Glycation
of Apolipoprotein A-I Impairs Its Anti-Atherogenic Properties. Diabetologia, 50, 1770-1779.
https://doi.org/10.1007/s00125-007-0718-9

Nobecourt, E., Davies, M.J., Brown, B.E., Curtiss, L.K., Bonnet, D.J., Charlton, F., ef al. (2007) The Impact of Glyca-
tion on Apolipoprotein A-I Structure and Its Ability to Activate Lecithin: Cholesterol Acyltransferase. Diabetologia,
50, 643-653. https://doi.org/10.1007/s00125-006-0574-z

Nobecourt, E., Tabet, F., Lambert, G., Puranik, R., Bao, S., Yan, L., et al. (2010) Nonenzymatic Glycation Impairs the
Antiinflammatory Properties of Apolipoprotein A-1. Arteriosclerosis, Thrombosis, and Vascular Biology, 30, 766-772.
https://doi.org/10.1161/ATVBAHA.109.201715

Liu, D.H., Ji, L., Zhao, M.M., Wang, Y., Guo, Y.S., Li, L., Zhang, D.M., et al. (2018) Lysine Glycation of Apolipo-
protein A-I Impairs Its Antiinflammatory Function in Type 2 Diabetes Mellitus. Journal of Molecular and Cellular
Cardiology, 122, 47-57.

Panagotopulos, S.E., Witting, S.R., Horace, E.M., Hui, D.Y., Maiorano, J.N. and Davidson, W.S. (2002) The Role of
Apolipoprotein A-I Helix 10 in Apolipoprotein-Mediated Cholesterol Efflux via the ATP-Binding Cassette Transporter
ABCAL. Journal of Biological Chemistry, 277, 39477-39484. https://doi.org/10.1074/jbc.M207005200

Brown, B.E., Nobecourt, E., Zeng, J., Jenkins, A.J., Rye, K.A. and Davies, M.J. (2013) Apolipoprotein A-I Glycation
by Glucose and Reactive Aldehydes Alters Phospholipid Affinity but Not Cholesterol Export from Lipid-Laden Ma-
crophages. PLOS ONE, 8, ¢65430. https://doi.org/10.1371/journal.pone.0065430

von Zychlinski, A., Kleffmann, T., Williams, M.J. and McCormick, S.P. (2011) Proteomics of Lipoprotein(a) Identifies
a Protein Complement Associated with Response to Wounding. Journal of Proteomics, 74, 2881-2891.
https://doi.org/10.1016/j.jprot.2011.07.008

Nordestgaard, B.G., Chapman, M.J., Ray, K., ef al. (2010) Lipoprotein(a) as a Cardiovascular Risk Factor: Current
Status. European Heart Journal, 31, 2844-2853. https://doi.org/10.1093/eurheartj/ehq386

Helgadottir, A., Gretarsdottir, S., Thorleifsson, G., et al. (2012) Apolipoprotein(a) Genetic Sequence Variants Asso-
ciated with Systemic Atherosclerosis and Coronary Atherosclerotic Burden but Not with Venous Thromboembolism.
Journal of the American College of Cardiology, 60, 722-729. https://doi.org/10.1016/j.jacc.2012.01.078

Kral, B.G., Kalyani, R.R., Yanek, L.R., ef al. (2016) Relation of Plasma Lipoprotein(a) to Subclinical Coronary Plaque
Volumes, Three-Vessel and Left Main Coronary Disease, and Severe Coronary Stenoses in Apparently Healthy Afri-
can-Americans with a Family History of Early-Onset Coronary Artery Disease. American Journal of Cardiology, 118,
656-661. https://doi.org/10.1016/j.amjcard.2016.06.020

Clarke, R., Peden, J.F., Hopewell, J.C., et al. (2009) Genetic Variants Associated with Lp(a) Lipoprotein Level and
Coronary Disease. The New England Journal of Medicine, 361, 2518-2528. https://doi.org/10.1056/NEJM0a0902604

Kamstrup, P.R., Tybjerg-Hansen, A. and Nordestgaard, B.G. (2014) Elevated Lipoprotein(a) and Risk of Aortic Valve
Stenosis in the General Population. Journal of the American College of Cardiology, 63, 470-477.
https://doi.org/10.1016/j.jacc.2013.09.038

Thanassoulis, G., Campbell, C.Y., Owens, D.S., et al. (2013) Genetic Associations with Valvular Calcification and
Aortic Stenosis. The New England Journal of Medicine, 368, 503-512. https://doi.org/10.1056/NEJMoal109034

Thanassoulis, G. (2016) Lipoprotein(a) in Calcific Aortic Valve Disease: From Genomics to Novel Drug Target for
Aortic Stenosis. Journal of Lipid Research, 57, 917-924. https://doi.org/10.1194/j1r.R051870

Kamstrup, P.R. (2010) Lipoprotein(a) and Ischemic Heart Disease—A Causal Association? A Review. Atherosclerosis,
211, 15-23. https://doi.org/10.1016/].atherosclerosis.2009.12.036

DOI: 10.12677/acm.2024.141089 645 I IR = =23t e


https://doi.org/10.12677/acm.2024.141089
https://doi.org/10.1093/eurheartj/ehm360
https://doi.org/10.1172/JCI123700
https://doi.org/10.1371/journal.pone.0104224
https://doi.org/10.1136/annrheumdis-2018-213444
https://doi.org/10.1002/cpt.143
https://doi.org/10.1007/s00125-007-0718-9
https://doi.org/10.1007/s00125-006-0574-z
https://doi.org/10.1161/ATVBAHA.109.201715
https://doi.org/10.1074/jbc.M207005200
https://doi.org/10.1371/journal.pone.0065430
https://doi.org/10.1016/j.jprot.2011.07.008
https://doi.org/10.1093/eurheartj/ehq386
https://doi.org/10.1016/j.jacc.2012.01.078
https://doi.org/10.1016/j.amjcard.2016.06.020
https://doi.org/10.1056/NEJMoa0902604
https://doi.org/10.1016/j.jacc.2013.09.038
https://doi.org/10.1056/NEJMoa1109034
https://doi.org/10.1194/jlr.R051870
https://doi.org/10.1016/j.atherosclerosis.2009.12.036

Schmidt, K., Noureen, A., Kronenberg, F. and Utermann, G. (2016) Structure, Function, and Genetics of Lipoprote-
in(a). Journal of Lipid Research, 57, 1339-1359. https://doi.org/10.1194/j1r.R067314

Bao, X., Borne, Y., Muhammad, LF., ef al. (2019) Growth Differentiation Factor 15 Is Positively Associated with In-
cidence of Diabetes Mellitus: The Malmo Diet and Cancer-Cardiovascular Cohort. Diabetologia, 62, 78-86.
https://doi.org/10.1007/s00125-018-4751-7

Woodward, L., Akoumianakis, I. and Antoniades, C. (2017) Unravelling the Adiponectin Paradox: Novel Roles of
Adiponectin in the Regulation of Cardiovascular Disease. British Journal of Pharmacology, 174, 4007-4020.
https://doi.org/10.1111/bph.13619

Li, S., Shin, H.J., Ding, E.L. and van Dam, R.M. (2009) Adiponectin Levels and Risk of Type 2 Diabetes: A Syste-
matic Review and Meta-Analysis. JAMA, 302, 179-188. https://doi.org/10.1001/jama.2009.976

Klose, R., Adam, M.G., Weis, E.-M., ef al. (2018) Inactivation of the Serine Protease HTRA1 Inhibits Tumor Growth
by Deregulating Angiogenesis. Oncogene, 37, 4260-4272. https://doi.org/10.1038/s41388-018-0258-4

Skorko-Glonek, J., Zurawa-Janicka, D., Koper, T., ef al. (2013) HtrA Protease Family as Therapeutic Targets. Current
Pharmaceutical Design, 19, 977-1009. https://doi.org/10.2174/1381612811319060003

van Nieuwenhoven, F.A., Munts, C., Op’t Veld, R.C., et al. (2017) Cartilage Intermediate Layer Protein 1 (CILP1): A
Novel Mediator of Cardiac Extracellular Matrix Remodelling. Scientific Reports, 7, Article No. 16042.
https://doi.org/10.1038/s41598-017-16201-y

Wu, T., Zhang, Q., Wu, S., ef al. (2019) CILP-2 Is a Novel Secreted Protein and Associated with Insulin Resistance.
Journal of Molecular Cell Biology, 11, 1083-1094. https://doi.org/10.1093/jmcb/mjz016

DOI: 10.12677/acm.2024.141089 646 I IR = =23t e


https://doi.org/10.12677/acm.2024.141089
https://doi.org/10.1194/jlr.R067314
https://doi.org/10.1007/s00125-018-4751-7
https://doi.org/10.1111/bph.13619
https://doi.org/10.1001/jama.2009.976
https://doi.org/10.1038/s41388-018-0258-4
https://doi.org/10.2174/1381612811319060003
https://doi.org/10.1038/s41598-017-16201-y
https://doi.org/10.1093/jmcb/mjz016

	脂蛋白在2型糖尿病与冠心病患者动脉粥样硬化中的作用机制
	摘  要
	关键词
	The Mechanism of Lipoprotein in Atherosclerosis in Patients with Type 2 Diabetes and Coronary Heart Disease
	Abstract
	Keywords
	1. 背景
	2. 载脂蛋白与T2DM的关系
	2.1. 临床特点
	2.2. 载脂蛋白与T2DM动脉粥样硬化的潜在机制
	2.2.1. 作用于胆固醇流出途径
	2.2.2. 抗炎、抗氧化和内皮修复作用
	2.2.3. ApoA1结构完整性在T2DM动脉粥样硬化的作用
	2.2.4. LP(a)的作用

	2.3. 其他机制

	3. 小结
	参考文献

