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Abstract

BACKGROUND: Atherosclerosis is the most important underlying cause of cardiovascular
diseases (CVD) which recently has been classified as an inflammatory disorder. Accumulation of
large amounts of oxidized LDL in the intima during local inflammation reaction led to increase
several factors such as C -reactive protein (CRP). It has also been reported that CRP is able to
bind with modified forms of LDL as well as oxidized LDL. These findings suggest possible
positive or negative involvement of this protein in atherogenesis. The main objective of the
present study was to assess the influence of CRP on LDL oxidation and the possible physical
\changes of LDL in the presence of CRP in vitro.

METHODS: In this study, the susceptibility of purified LDL to oxidation was assayed by
monitoring of formation of conjugated dienes in different physiological concentrations of CRP
(0 - 0.5 -2 pg/ml) using a shimadzu spectrophotometer. Electrophoresis was used to determine
the electrophoretic mobility of LDL in those conditions.

RESULTS: CRP significantly reduced the susceptibility of Cu**-induced LDL oxidation through
increasing the lag timeand there was positive relationship between these findings and CRP
concentration (P < 0.05). CRP caused a significant reduction in the electrophotretic mobility of
LDL compared to native LDL (n-LDL) (P<0.05).

CONCLUSION: A considerable reduction was shown in LDL oxidation, in higher concentration
of CRP, via an unknown mechanism. The electrophoretic mobility of LDL, in the oxidative
condition, decreases in the presence of CRP compared to n-LDL, which can be indicative of the
effect of this protein on the physical and chemical properties of LDL. It seems that, other
pathway than LDL oxidation is responsible for the effect of CRP on the atherogenesis processes.
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Introduction
Coronary Artery Disease (CAD) is one of the most
common causes of death worldwide and
atherosclerosis has been identified as its main
underlying cause.! Atherosclerosis is the formation of
fibrous lesions and fatty streaks in vessels, which is
associated with inflammation.2 Thus far, researchers
studying vatious factors suspected of triggering this
pathological process have achieved valuable results,
however, as yet no specific pathogenic process has
been identified as the initiating point in the process of
atherogenesis in vessels and all our information
consider it to have a multifactorial nature caused by
an interplay of linked pathological mechanisms.?

Those responsible for LDL oxidation consider as the
most important pathological processes. Ox-LDL is
the end product of LDL oxidation in the blood,
which is highly destructive atherogenic. Ox-LDL is
one of the principal triggers of inflammatory reactions
in vascular endothelial cells which stimulate the
secretion of cellular inflaimmatory markers.* During
the past years, extended studies have been conducted
to identify the factors involved in oxidation and
modification of lipoproteins, especially LDL. Some of
these studies have focused on inflammatory
markers."> Level of these martkers increase during
inflammatory process and it is suggested that they
may be involved in atherogenesis.6
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In some studies, the interaction of some of these
markers and LDL has been reported, including in a
study which reported CRP binding with modified forms
of LLDL,; it was even observed that it binds with native
LDL 7Nunomura et al. in 1990 demonstrated that this
interaction probably occurs via apolipoprotein B in LDL
at phosphorylcholine binding site of CRP.# The
mechanism activated by CRP through this binding and
its nature (positive or negative) remains a matter of
debate. The findings of previous studies in this field are
controversial*12 Therefore, this study attempted to
address one of the challengeable aspects of CRP. It was
assumed that CRP influences LDL oxidation after
binding with it and affects some of its physical
properties. Our study showed that CRP can induce
various properties in relation with LDL. For example, it
was observed that it reduced the susceptibility of LDL
to oxidation and decreased the electrophoretic mobility
of oxidized LDL. In general, finding the relationship
between these effects and the atheorgensis process
warrants further studies in this field.

Materials and Methods

1) Blood sample collection; In the beginning, a 100
ml sample of a healthy man’s blood was prepared and
centrifuged at 3000 rpm for 15 minutes.

2) LDL purification; L.DL was extractedseparated
from the fresh serum using a Beckman coulter optima
L-100XP  ultracentrifuge, with a  two-stage
ultracentrifugation technique described by Bronzert &
Brewer in the specific concentration gradients at
60000 tpm for 6 and 12 hours respectively, at 16 °C.13
3) LDL dialysis; The obtained LDL was carefully
poured into a Sigma-Aldrich® dialysis tube and after
closing both ends of the tube, it placed in a dish
containing PBS buffer (le. 167 mM sodium
dihydrogen phosphate dihydrate and 21.1 mM
sodium phosphate dibasic in 160 mM sodium
chloride with a pH of 7.4) for 24 hours at 6 °C on an
electric shaker in a dark room.

4) Determining protein concentration (Lowry
method); To conduct the later stages of the study,
the concentration of LDL protein was measured
using Lowry’s standard method.!*

5) Oxidation of LDL; The susceptibility of LDL to
oxidation was detected using a  standard
spectrophotomettic method. Shimadzu
spectrophotometer UV 3100 was used to monitor
formation of conjugated dienes based on the

technique proposed by Esterbauer and his colleagues
at the wavelength of 234 nm.!'> At first, control
sample containing 20 ug-protein/ml of LDL and 5
uM copper sulphate in PBS buffer, pH=7.4 in a
quartz cuvette was monitored, then test samples
which in addition to contents mentioned in the
control sample contained 0.5 pg/ml and 2 pg/ml of
CRP were assessed with the same technique
respectively (All the experiments were repeated three
times, data were analyzed using student’s #test by
PRISM® 5).

6) Electrophoresis, Electrophoretic mobility of
normal LDL (~10 pg protein in a 10 ul sample)
compared to LDL incubated with CRP (~2.5 pug/ml),
also ox-LDL which obtained by incubating of LDL
(~10 pg protein in 10 pul sample) with 5 uM copper
sulphate compared to ox-LDL incubated with CRP
(~25 pg/ml) in 1% agarose gel (AGE).
Electrophoresis was performed for 150 min at 90 V
in 0.05 M barbital buffer, then migrated LDLs were
fixed in the gel with methanol: water: glacial acetic
acid (6:3:1) and finally stained by 0.1 % fatRed-7B in
methanol, which just before use should be mixed with
0.1 N NaOH.

Results

Initially, CRP in the concentration of 0.5 pg/ml
reduced the susceptibility of LDL (20 pg-protein/ml)
to oxidation through increasing the lag time and when
its concentration reached 2 nug/ml, it nearly inhibited
LDL oxidation in the defined time (Figure 1). Other
oxidation parameters such as maximal amount of
dienes formed (diene (max)(, maximal rate of
oxidation (maximal rate) and time need to reach
maximal amount of dienes (t (max)) in CRP (0.5
ug/ml)-incubated LDL samples compared to equal
parameters in alone LDL samples, had no significant
statistical differences (P > 0/05). On the other hand,
maximal rate of oxidation in CRP (2 pg/ml) -
incubated LDL samples, had significant difference
with LDL samples without CRP (P<0.05). Other
oxidation parameters in the latter concentration of
CRP were not detectable in the time frame (Figure 1
and Table 1).

In figure 2, the single LDL bond which was
separated using ultracentrifuging method is shown.
The single bond indicates the purity of separated
LDL, without any contamination with other
lipoproteins.
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Figure 1. Inhibition of LDL oxidation is proportionate with increased CRP concentration. The curves represent the
susceptibility of LDL to oxidation at the concentration of 20 pg protein/ml, in presence of different physiologic
concentrations of CRP. In 0.5 pg/ml of CRP (@), susceptibility of LDL to oxidation (coppet sulphate concentration: 5uM)
relatively reduced through increasing the lag time, and when CRP concentration reached 2 ug/ml (A), the oxidation of
LDL was inhibited in the time frame (Data points are mean of three measurements. Significance between lag times were
analyzed using student’s t-test and were significant (P < 0.05). In table 1, various quantative kinetic parameters, associated
with steps of oxidation of LDL in the presence and absence of CRP have shown. The data which obtained from the
findings of figure 1 show; lag time, maximal rate of oxidation, time need to reach maximal amount of dienes and maximal
amount of dienes formed. In lower concentration of CRP, the differences were significant only in lag time, but in higher
concentration of CRP, because of sizable inhibition of oxidation, only maximal rate was detectable in the time frame and its
difference was significant, other parameters were not detectable.

Table 1. Quantative parameters of oxidation of LDL

CRP Lag Time Maximal Rate t (max) Diene (max)
(ng/ml) (min) (LM/min) (min) (A234 nm)
0 55+5 0.115 + 0.009 155+5 0.3+0.01
95+7* 170+ 8 0.28 £0.02
0.5 Unknown in the time 0.136 +0.011 Unknown in the time  Unknown in the time
2 0.008 + 0.005 *
frame frame frame

Values are shown as mean = SD
*Significantly different from mean values of samples which contain 0 ug/ml CRP, according to student’s t-test
P < 0.05).

According to Figure 3, the LDL (~10 pg protein in a
Origin () 10 ul sample) which was kept in the presence of CRP
for 18 hours (numberl) only had a relatively reducecd
electrophoretic mobility (reduced REM) compared to
LDL alone (number 2). LDL which was incubated in
the presence of CRP and oxidative factor, i.e., 5uM
Cuso4 for 18 hours (number 3) showed significant
reduction in electrophoretic mobility (considerable
reduced REM) compared to LDL which only
incubated with copper ion in the same incubation
time (number 4), which can be due to reducing of
negative charge on the surface of ox-LDL particle in
the presence of CRP.

Figure 2. Electrophoresis of
isolated LDL is indicator of
purity of LDL (~10 pg protein
in a 10 pl sample). It performed
in 1% Agarose gel at 90 volts
during 150  minute, then
staining process performed with
FatRed 7B.
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Origin (-)

)
Figure 3. Electrophoresis of incubated samples of LDL
and CRP in Agarose gel

Discussion

Pentameric acute phase reactant protein or CRP is a
sensitive risk marker of cardiovascular diseases, as
confirmed by recent studies .18 However, the
possible role of CRP in atherogenesis as a risk factor
or even a useful factor with antiatherogenic properties
is still questionable which can be seen in the
occasionally contradictory results of previous studies
21219 The present study shows that CRP is able to
inhibit the invitro oxidation of LDL in a direct
relationship with concentration, Nonetheless the
biochemical mechanism whereby this protein shows
this ability is not clear. The result of electrophoresis in
this study shows that the LDL which was in the
presence of the oxidant copper cation and CRP, had
less electrophoretic mobility than LDL which was
only in the presence of copper cation. This may be
due to the fact that CRP has conferred new
physicochemical properties on semi-oxidized LDL by
binding to it and decreases its negative surface charge
and consequently reduces its electrophoretic mobility.
This latter conclusion is consistent with the recent
findings of Zwaka et al. and Paceri et al. that CRP can
facilitate the phagocytosis of semi-oxidized LDL
through macrophages which ultimately leads to
formation of atherogenic foam cells.%!!-13 The results
of this study which are indicative of relative reducing
in negative surface charge of LDL particle in the
presence of CRP, are in line with the results of a study
conducted by Rufail et al. It is noteworthy that in that
study, the result of electrophoresis was obtained only
after 2 hours of incubation, but in the present study,
this period was extended to 18 hours.!” It can be
explained that possibly this protein participates in
atherogenesis through a mechanism leading to

conformational changes in the semi-oxidized LDL
molecule.

The results of this study are consistent with recent
studies which have highlighted a kind of relationship
and physical binding between CRP and Ox-LDL.7:820
It is possible that binding of CRP to some areas of
the LDL particle (like, phosphocholine moiety) leads
to some changes on the surface of this lipoprotein,
resulting in reducing of susceptibility of LDL to more
oxidation in addition to preparing this modified-
lipoprotein ~ for phagocytosis by macrophage
receptors.

In the present study, different level of CRP within
its physiological range in serum were used to assess
the degree to which LDL oxidation would be
influenced in progressive concentrations (0 ug/ml, 0.5
pg/ml and 2 pg/ml CRP) because according to
previous studies, it has been clearly demonstrated that
the elevated level of CRP is related to higher
incidence of cardiovascular disease (17, 18, 22). It is
notable that the results of some recent studies have
shown that vascular endothelial cells are prompted by
a number of trigger factors to secrete CRP2 this
finding can form a basis for the hypothesis that this
protein may be dispatched to the external space,
where LDL is invaded by oxidative factors. Also one
could hypothesize that LDL, which in the initial
stages of oxidation induces CRP secretion, indirectly
recalling this protein towards itself to resist invading
factors. Based on the result of this study, maybe the
processes hypothetically ascribed to CRP be
inherently conducive to vascular health and this
protein may have antiatherogenic properties by
providing relative protection for LDL against
oxidation, but it must be borne in mind that it may be
possible that, under acute conditions,it act to expedite
atherogenesis (such as; cooperation with macrophages
to form foam cells). This second hypothesis may be
more compatible with the fact that the level of CRP
increases during cardiovascular diseases.%!11219

Conclusion

Overall, the effect of CRP on the atherogenesis
processes may pass through a pathway other than LDL
oxidation, indepenently from the mechanism whereby
LDL oxidation is inhibited. More comprehensive studies
should be done to determine whether CRP has a truly
conspicuous role in atherogenesis and inflammatory
abnormalities or not.

Acknowledgments

This work was supported by a grant from the Islamic
Azad University, Flavarjan Branch. The authors thank

88 ARYA Atherosclerosis Journal 2010 (Fall); Volume 6, Issue 3

WWWw.mui.ac.ir



H. Nayeri, Gh.A. Naderi, M.S. Moghadam, S. Mohamadzadeh, M. Boshtam, N. Jafari Dinani, A. Abdpour Dehkordi

the staff of Isfahan Cardiovascular Research Center chemoattractant protein-1 induction in human
for their efforts in conducting the study. endothelial cells by anti-atherosclerosis drugs.
Circulation 2001; 103(21): 2531-4.
Conflict of Interests 12.Pasceri V, Willerson JT, Yeh ET. Direct
) ] proinflammatory effect of C-reactive protein on
Authors have no conflict of interests. human endothelial cells. Circulation 2000; 102(18):
2165-8.

13.Bronzert TJ, Brewer HB. New micromethod for
measuring cholesterol in plasma lipoprotein fractions.
1. Loppnow H, Werdan K, Buerke M. Vascular cells Clin Chem 1977; 23(11): 2089-98.
contribute to atherosclerosis by cytokine- and innate-14. Markwell MA, Haas SM, Bieber LL, Tolbert NE. A
immunity-related inflammatory mechanisms. Innate  modification of the Lowry procedure to simplify

References

Immun 2008; 14(2)63-87. protein determination in membrane and lipoprotein
2. Ross R. The pathogenesis of atherosclerosis: a perspective samples. Anal Biochem 1978; 87(1): 206-10.
for the 1990s. Nature 1993; 362(6423): 801-9. 15.Esterbauer H, Striegl G, Puhl H, Rotheneder M.

3. Segers D, Garcia-Garcia HM, Cheng C, de Crom R,  Continuous monitoring of in vitro oxidation of human
Krams R, Wentzel JJ, et al. A primer on the immune  low density lipoprotein. Free Radic Res Commun
system in the pathogenesis and treatment of 1989; 6(1): 67-75.
atherosclerosis. Eurolntervention 2008; 4(3): 378-90. 16. Thompson D, Pepys MB, Wood SP. The

4. Mertens A, Holvoet P. Oxidized LDL and HDL: physiological structure of human C-reactive protein
antagonists in atherothrombosis. FASEB J 2001; and its complex with phosphocholine. Structure 1999;
15(12): 2073-84. 7(2): 169-77.

5. Gotto AM, Pownall HJ. Manual of lipid disorders: 17.Ridker PM. Clinical application of C-reactive protein
reducing the risk for coronary heart disease. for cardiovascular disease detection and prevention.

Philadelphia: Williams & Wilkins; 1999. p. 54-9. Circulation 2003; 107(3): 363-9.
6. Libby P, Ridker PM. Inflammation and 18 Pearson TA, Mensah GA, Alexander RW, Anderson
atherosclerosis: role of C-reactive protein in risk  JL, Cannon RO, Ill, Criqui M, et al. Markers of

assessment. Am J Med 2004, 116 Suppl 6A: 9S-16S.  inflammation and cardiovascular disease: application

7. Singh SK, Suresh MV, Voleti B, Agrawal A. The to clinical and public health practice: A statement for
connection between C-reactive protein and  healthcare professionals from the Centers for Disease
atherosclerosis. Ann Med 2008; 40(2): 110-20. Control and Prevention and the American Heart As

8. Nunomura W, Hatakeyama M. Binding of low sociation. Circulation 2003; 107(3): 499-511.
density lipoprotein (LDL) to C-reactive protein 19.Rufail ML, Ramage SC, van Antwerpen R. C-reactive
(CRP): a possible binding through apolipoprotein B protein inhibits in vitro oxidation of low-density
in LDL at phosphorylcholine-binding site of CRP. lipoprotein. FEBS Lett 2006; 580(22): 5155-60.
Hokkaido Igaku Zasshi 1990; 65(5): 474-80. 20.Chang MK, Binder CJ, Torzewski M, Witztum JL. C-

9. Zwaka TP, Hombach V, Torzewski J. C-reactive reactive protein binds to both oxidized LDL and
protein-mediated low density lipoprotein uptake by  apoptotic cells through recognition of a common
macrophages: implications for atherosclerosis. ligand: Phosphorylcholine of oxidized phospholipids.
Circulation 2001; 103(9): 1194-7. Proc Natl Acad Sci USA 2002; 99(20): 13043-8.

10. Swafford AN, Jr., Bratz IN, Knudson JD, Rogers PA, 21. Labarrere CA, Zaloga GP. C-reactive protein: from
Timmerman JM, Tune JD, et al. C-reactive protein  innocent bystander to pivotal mediator of
does not relax vascular smooth muscle: effects atherosclerosis. Am J Med 2004; 117(7): 499-507.
mediated by sodium azide in commercially available22. Venugopal SK, Devaraj S, Jialal |I. Macrophage
preparations. Am J Physiol Heart Circ Physiol 2005;  conditioned medium induces the expression of C-
288(4): H1786-H1795. reactive protein in human aortic endothelial cells:

11.Pasceri V, Cheng JS, Willerson JT, Yeh ET. potential for paracrine/autocrine effects. Am J Pathol
Modulation of C-reactive protein-mediated monocyte  2005; 166(4): 1265-71.

ARYA Atherosclerosis Journal 2010 (Fall); Volume 6, Issue 3 89

www.mui.ac.ir





