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Abstract

Keywords

The aim of this review is to examine the relationship between diabetes mellitus and lipoprotein a (lipo a) and Paraoxonase-1 (PON1). For this, the original publications
of the last decade have been scanned. Findings showed that; lipo (a) is associated with many chronic and high-mortality diseases. In the studies lipo (a) elevated diseases;
myocardial infarction, chronic renal failure, lung cancer, stroke, diabetes mellitus (DM) and diabetic nephropathy. On the other hand, the level of lipoa (a) was found to be
decreased in patients with liver cirrhosis. According to the data of these studies, extensive systemic involvement of DM was found to be effective on the level of lipo (a). A
similar situation was found between DM and PON1. In addition, PON1 studies were performed with high density lipoprotein (HDL). In all of these studies, it was found
that PONT1 levels decreased with HDL. As a result many studies conducted in recent years show that; PON1 levels of patients with diabetes mellitus decrease, while lipo (a)
levels are increased. (Journal of Traditional and Complementary Anatolian Medicine 2019, 1(2):5-8)
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Oz

Anahtar
Kelimeler

Bu derlemenin amaci, diabetes mellitus ile Lipoprotein a (lipo a) ve Paraoksonaz-1 (PON1) arasindaki iliskiyi incelemektir. Bunun icin, son on yildaki orijinal yaymlar taranmistir. Elde
edilen bulgular gostermistir ki; lipo (a), bircok kronik ve yiiksek mortaliteli hastalikla iliskilidir. Aragtirmalarda lipo (a) seviyesi yiiksek ikan hastaliklar; miyokard enfarktiisii, kronik bobrek
yetmezligi, akciger kanseri, inme, diabetes mellitus (DM) ve diyabetik nefropati olarak tespit edilmigtir. Ote yandan, karaciger sirozu olan hastalarda lipoa (a) seviyesinin azalmig oldugu go-
riildii. Yine bu aragtirmalarin verilerine gore, DM'iin genis sistemik tutulumunun lipo (a) seviyesindeki yiikseklige etkili oldugu goriilmiistiir. Benzer durum DM ve PON1 diisiikliigii arasinda
da tespit edilmistir. [lave olarak, PONI arastirmalarinin, yiiksek yogunluklu lipoproteinin (HDL) ile birlikte yapildig: goriilmiistiir. Tiim bu ¢alismalarda, PONI seviyelerinin HDL ile birlikte

azaldigi tespit edilmigtir. Sonug olarak, son yillarda yapilan pek ok arastirma gostermektedir ki; diabetes mellituslu hastalarin PONI seviyeleri azalirken, lipo (a) seviyeleri yiikselmektedir.
( Geleneksel ve T layict Anadolu Tibb: Dergisi 2019, 1(2):5-8 )
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INTRODUCTION
Lipoprotein(a) (lipo(a)) was first described by Berg in
1963. Lipo(a) resembles to LDL moiety, containing an apo-
lipoprotein B subunit (apo B-100) and another apolipo-
protein(a) (apo(a)) attached to apoB-100 by a disulphide
bridge (figtire 1).!
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Figure 1. Hypothetical structural model of lipo(a) first de-
scribed by Berg in 1963!

The aminoacid sequence of apo(a) is sitrikingly homolo-
gous to plasminogen, the zymogen of plasmin, a proteolyt-
ic enzyme of the fibrinolytic system. Apo(a) is genetically
polymorphic, generating broad inter-individual differenc-
es. the size of apo(a) isoproteins is inversely correlated to
the serum lipo(a) concentration. The serum lipo(a) con-
centration is an independent risk factor for coronary arter
disease (CAD). This compound is thought to be synthe-
sized in the liver and is associated with inflamation and
recovery from tissue damage. Lipo(a) concentrations are
not influenced by age, gender, diet or smoking habits and
are genetically controlled. Lipoproteins are generally hy-
drophobic in their centers cholesterol esters and triglyc-
erides (TG). The hydrophilic polar and free cholesterol,
phospholipids and apoproteins in the region.?

The physiological function Lipo(a), if any, has yet to be
determined and understanding this may be useful in the
current dilemma. Lipo(a) is an unusual lipoprotein that

is a combination of an LDL-like particle to which is co-
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valently attached an evolutionarily modified, remodelled
and proteolytically inactive plasminogen-like molecule
called apolipoprotein (apo(a)).** The apo(a) component
of Lipo(a) is not a lipoprotein per se, as it has no lipid
binding domains, yet through its evolutionary lifetime has
somehow found a way to covalently attach to LDL, so that
lipo(a) circulates as a lipoprotein. Apo(a) is also not pres-
ent in animals other than the hedgehog, African monkeys
with tails, apes and humans® but it appears to have under-
gone several modifications of remodelling from the plas-
minogen gene. First, KIII of plasminogen evolved in the
hedgehog and is attached to apoB as a lipoprotein. Then,
many millions of years later, in African monkeys KIV of
plasminogen duplicated itself in multiple copies but lost
its fibrin binding activity and it had an intact protease do-
main present but with loss of its protease activity without
loosing KV. Then both fibrin-binding deficient KIV and
KV appeared in apes, and finally fibrin-binding competent
KIV and KV appeared in humans. Additionally, thus far
only plasminogen and human apo(a)/Lipo(a) have been
documented to contain measurable levels of oxidized
phospholipids.5 Whether these are all chance events or if
there is a yet-to-be discovered evolutionary advantages of
these changes, and how this might relate to incident DM,
remain to be determined. As best as we can tell, lipo(a)
has not any known physiological function in modern so-
ciety, in spite of etiologically, it may have evolved to pro-
tect the host in many ways. Although they are speculative,
there have been suggestions that lipo(a) can contribute to
wound healing via its lysine binding component that can
attach to lysine molecules at injured sites and deliver cho-
lesterol for generation of new cell membranes.®” Like many
other examples of evolutionary advantage of proteins that
were modified in Africa, such as altered hemoglobin that
protects against malaria but causes sickle cell anemia and
apo(a) that protects against African sleeping sickness but is
associated with renal failure,® it is possible that since lipo(a)
arose in Africa and the highest concentrations are in peo-
ple of African descent, higher levels may protect against

an unknown parasitic infection. However, the closest ex-




planation of lipo(a) biology, but not necessarily the correct
one, likely has to do with the fact that the Lipo(a) gene has
duplicated itself from the plasminogen gene, either to fur-
ther enhance plasminogen activity or to act as a ying-yang
balance to plasminogen pathophysiology. In fact, we have
shown that the oxidized phospholipids that are primarily
present on lipo(a) are associated with increased cardiovas-
cular risk,”'® but that the oxidized phospholipids present
on plasminogen are associated with enhanced fibrinolysis
in vitro and that higher levels are present post myocardial
infarction (MI),'*'* a putative beneficial function to pre-
vent thrombus propagation. In line with these relation-
ships, several members of the plasminogen-related coag-
ulation cascade, including tissue plasminogen activator
that activates plasminogen to plasmin, are also associated
with higher risk of incident DM'!* another action that is
seemingly opposed by elevated lipo(a) levels. An addition-
al clinically-relevant issue that may have an impact if these
associations are causal is whether drugs that lower lipo(a)

can also induce the development of DM."*

PON-1 is an HDL-bound enzyme capable of hydrolyzing
lipid peroxides and believed to be in part responsible for
the protective effect of HDL against LDL oxidation. Low
activity has been related to an elevated incidence of ML
Prolonged hyperglycaemia, dyslipidaemia and excessive
oxidative stress are associated with oxidative and glycation
damage to lipids and proteins, leading to the conversion
of functional HDL into dysfunctional HDL. This status
involves alterations in the reverse cholesterol transport,
pro-oxidant, pro-inflammatory, pro-thrombotic and
pro-apoptotic conditions, which are responsible for ath-
erogenesis.'® There is a strong interaction between glu-
cose and lipid metabolism, mainly elevated TG and low
HDL-c levels; therefore, glycated haemoglobin (HbA1C)
may play an important role in modulating this interaction.
The altered metabolism of TG and HDL may not only be
the consequence of disturbed glucose metabolism but also
its cause.”” Some studies have examined an impact of gly-

cation on the HDL composition (ApoAl structure) and
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HDL-associated PON-1 activity.'®* The authors observed
that the susceptibility to lipid peroxidation was higher in
the HDL isolated from subjects with low PON-1 activity
than in subjects with higher PON-1 activity. Moreover,
HDL glycation was associated with the conformational
changes of ApoAl at the tryptophan position. It appears
that glycated HDL and altered PON-1 activity can po-
tentiate the atherogenesis. Another study has shown that
oxidative modification of tyrosine residues in the ApoAl
chain may worsen the antioxidant and anti-atherogenic
functions of HDL (even at physiological HDL levels) and
thus contribute to its dysfunction.?! Specifically, structural
modification of crucial HDL components by glycation or
oxidation can impair the binding ability of apolipoproteins
or enzyme activity.”> Impaired binding ability of ApoAl to
the HDL particles and reduced PON-1 activity may signif-
icantly affect anti-oxidant, antiatherogenic and other HDL
functions.”*** In summary, HDL dysfunctionality may be
linked to an increased incidence of atherosclerosis-related
diseases in DM subjects due to the loss of essential func-

tions of some components bound to this lipoprotein.

CONCLUSION

Levitssky at al,” it has been reported that there is a positive
correlation between Lipo(a) levels and HbA1Clevels in pa-
tients with DM. Brucket at al,*® measured levels of Lipo(a)
before and after regulating blood glucose. In unregulated
DM patients, lipo(a) levels were significantly higher than
non-DM patients. Haffner at al,?” also found that Lipo(a)
levels were higher in DM patients than in non-DM con-
trol group. Giirsu at al,”® also found that lipo(a) levels were
significantly higher and PON levels were lower in diabetic
patients. Lower PON-1 activity and concentration were
associated with an increased risk of developing DM when
adjusted for many of the common risk markers for DM
previously identified. Thus, PON-1 may have merit as a
biomarker for the development of DM.” The literature
review confirmed a strong relationship between low PON
and high lipo(a) and DM.




10.

=

1

N

1

N

GETATDER 2019;1(2):5-8
GUNAY et al. The Relationship of Lipo (a) and Paraoxonase with Diabetes Mellitus

References

. Berg K. A new serum type system in man the Ip system. Acta Pathol Microbiol Scand.

1963;59:369-382.

. Cekmen MB, TiirkézY, Turgut M, Géziikara EM. Lipoprotein (a): Genel Bir Bakis ve Cesitli

Hastaliklarla Iliskisi. Turgut Ozal Tip Merkezi Dergisi. 1997:4(4):462-471.
Tsimikas, S. A test in context: Lipoprotein(a): Diagnosis, prognosis, controversies, and
emerging therapies. ] Am Coll Cardiol. 2017;69:692-711.

. Schmidt K, Noureen A, Kronenberg E Utermann G. Structure, function, and genetics of

lipoprotein (a). ] Lipid Res. 2016;57:1339-1359.

. Leibundgut G, Scipione C, Yin H, Schneider M, et al. Tsimikas. Determinants of binding of

oxidized phospholipids on apolipoprotein (a) and lipoprotein (a). ] Lipid Res. 2013;54:2815-
30.
Yano YI, Shimokawa K, Okada Y, Noma A. Immunolocalization of lipopro-

tein(a) in wounded tissues. Journal of Histoch

9

'y and Cytochemistry.1997;45:55

. Brown MS, Goldstein JL. Plasma lipoproteins: teaching old dogmas new tricks. Na-

ture.1987;330:113-114.

. Perez-Morga D, Vanhollebeke B, Paturiaux-Hanocq E, et al. Apolipoprotein L-I promotes

trypanosome lysis by forming pores in lysosomal membranes. Science.2005;309:469-472.

. Byun YS, Lee JH, Arsenault BJ, et al. Investigators. Relationship of oxidized phospholipids

on apolipoprotein B-100 to cardiovascular outcomes in patients treated with intensive ver-
sus moderate atorvastatin therapy: the TNT trial. ] Am Coll Cardiol. 2015;65:1286-1295.
Byun YS, Yang X, Bao W, et al. Investigators. Oxidized phospholipids on

. .
ipolipoprotein
B-100 and recurrent ischemic events following stroke or transient ischemic attack. ] Am Coll
Cardiol. 2017;69:147-158.

. Leibundgut G, Arai K, Orsoni A, et al. Tsimikas. Oxidized phospholipids are present on

plasminogen, affect fibrinolysis, and increase following acute myocardial infarction. ] Am
Coll Cardiol. 2012;59:1426-1437.

. DeFilippis, AP, Chernyavskiy I, Amraotkar AR, et al. Circulating levels of plasminogen and

7 7

ish between atherot, ic and

non-atherothrombotic myocardial infarction. ] Thromb Thrombolysis. 2016;42:61-76.

oxidized phospholipids bound to plasmi distii

. Leibundgut G, Lee JH, Strauss BH, Segev A, Tsimikas S. Acute and long-term effect of per-

cutaneous coronary intervention on serially-measured oxidative, inflammatory, and coagu-
lation biomarkers in patients with stable angina. ] Thromb Thrombolysis. 2016;41:569-580.

. Eliasson MC, Jansson JH, Lindahl B, Stegmayr B. High levels of tissue plasminogen activator

s

(tPA) antigen precede the d t of type 2 diabetes in a longi
The Northern Sweden MONICA study. Cardiovasc Diabetol. 2003;2:19.

7
P

| population study.

. Varvel S, McConnell JB, Tsimikas S. Prevalence of elevated Lp(a) mass levels and pa-

tient thresholds in 532 359 patients in the United States. Arterioscler Thromb Vasc Biol.
2016;36:2239-2245.

16. Apro ], Tietge U, Dikkers A, Parini P, Angelin B, Rudling M. Impaired cholesterol efflux
capacity of high-density lipoprotein isolated from interstitial fluid in type 2 diabetes melli-
tus- brief report. Arterioscler Thromb Vasc Biol. 2016;36:787-91.

17. Parhofer KG. Interaction between glucose and lipidmetabolism: more than diabetic dyslipi-
demia. Diabetes Metab J. 2015;39:353-62.

18. Lund-Katz S, Phillips MC. High-density lipoprotein structure function and role in reverse
cholesterol transport. Subcell Biochem. 2010;51:183-227.

19. Ferretti G, Bacchetti T, Marchionni C, Caldarelli L, Curatola G. Effect of glycation of high
density lipoproteins on their physicochemical properties and on paraoxonase activity. Acta
Diabetol. 2001;38:163-9.

20. Nobecourt E, Davies MJ, Brown BE, et al. The impact of glycation on apolipoprotein A-I

structure and its ability to activate lecithin: cholesterol acyltransferase. Diabetologia.

2007;50:643-53.

Kunutsor SK, Kieneker LM, Bakker SJL, James RW, Dullaart RPF. Incident type 2 diabetes

is associated with HDL, but not with its anti-oxidant constituent-paraoxonase-1: the pro-

spective cohort PREVEND study. Metabolism. 2017;73:43-51.

Hedrick CC, Thorpe SR, Fu MX, et al. Glycation impairs high-density lipoprotein function.

Diabetologia. 2000;43:312-20.

23. JangW, Jeoung NH, Cho KH. Modified apolipoprotein (apo) A-I by artificial sweetener
causes severe premature cellular senescence and atherosclerosis with impairment of func-
tional and structural properties of apoA-I in lipid-free and lipid-bound state. Mol Cells.
2011;31:461-70.

24. Sharif S, van der Graaf Y, Nathoe HM, de Valk HW, Visseren FL], Westerink J. HDL cho-
lesterol as a residual risk factor for vascular events and all-cause mortality in patients with
type 2 diabetes. Diabetes Care. 2016;39:1424-30.

. Levitsky L, Scanu A, Gould SH. Lipo(a) levels in black and white children and adolescents
with IDDM. Diabetes Care. 1991;14:283-87.

26. Bruckert E, Davidoff P, Grimaldi A, Truffert ], Giral P. Increased serum levels of lipo(a) in

diabetes mellitus and their reduction with glycemic control. Jama. 1990;263:35-36.

2

~

2.

N

2.

&

27. Haffner SM, Tuttle KR, Rainwater DL. Decrease of lipoprotein(a) with improved glycemic
control in IDDM subjects. Diabetes Care. 1991;14:302-7.

28. Giirsu MF, Ozdin M. Lipoprotein (A) diizeyleri ile paraoksonaz (PON 1) aktivitelerinin
kopmlikasyonlu ve komplikasyonsuz tip 2 diyabetik (NIDDM) hastalarda arastirilmas:.
Firat Tip Dergisi. 2002; 7( 2) :720-726.

29. Crow JA, Meek EC, Wills RW, Chambers JE. A case-control study: The association of serum
paraoxonase 1 activity and concentration with the development of type 2 diabetes mellitus.
Diabetes Metab Res Rev. 2018;34(3). Doi: 10.1002/dmrr.2967.




