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A bstract: Cardiovascular disease (CVD) is the most frequent cause of mor-
bidity and mortality in chronic renal failure (CRF) patients. Accelerated calcifying
atherosclerosis, medial calcification, and valvular calcification are hallmarks of CVD in
the dialysis population. The mechanisms by which uraemia promotes vascular cal-
cification and the relationship between arterial wall calcification and atherosclerosis are
poorly understood. We surgically induced CRF in apolipoprotein E knockout (apoE™)
mice to study a possible acceleration of aortic atherosclerosis, the degree and type of
vascular calcification as well as factors involved in the calcification process. Finally we
investigated appropriate treatment measures. Atherosclerotic lesions in the thoracic
aorta were significantly larger in uraemic apoE”" mice than in non-uraemic controls. The
relative proportion of the calcified area to the total surface area of both atherosclerotic
lesions and lesion-free vascular tissue was increased in the aortic root of uraemic apoE™
mice when compared with controls. The accelerated atherosclerosis was associated with
an increase in aortic nitrotyrosine expression, indicating enhanced oxidative stress, and
an increase in plaque collagen content, indicating changes in plaque composition. N-acetyl-
cysteine (NAC) treatment slowed the rapid progression of atherosclerotic lesions and
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reversed the increase in plaque collagen content compared with placebo treatment.
NAC-treatment also reduced nitrotyrosine expression in uremic apoE” mice whereas
the degree of macrophage infiltration was unchanged. Sevelamer treatment delayed not
only vascular calcification but also atherosclerotic lesion progresssion in uraemic apoE”
mice. These treatment effects also were associated with diminished oxidative stress and
were independent of cholesterol lowering. We anticipate that this experimental model
will prove to be useful to test other treatment strategies aimed at decreasing the acce-
lerated atherosclerosis and arterial calcification of the uraemic state.

Key words: atherosclerosis, vascular calcification, chronic renal failure, oxidative stress,
mouse.

Background

Cardiovascular disease (CVD) is responsible for more than 50% of
deaths among patients with chronic renal failure (CRF) [1]. Actually, the risk of
CVD in a 30-year-old CRF patient is similar to the calculated risk of a 70- to
80-year-old subject from the general population. Such a patient would suffer
from an approximately 500-fold elevated mortality risk compared with the age-
matched general population (US Renal Data System, 1999) [2]. In chronic
kidney disease patients the prevalence of coronary artery disease is approxi-
mately 53% at the start of dialysis techniques [3] and the risk of dying from a
cardiovascular event is 20-fold greater than the risk observed in the general
population [4]. A high frequency of coronary artery lesions and events in CRF
patients has been documented by retrospective and more convincingly by pro-
spective studies [5]. Despite major advances in the management of cardiovas-
cular disease, CRF patients continue to have an exceedingly high cardiovascular
mortality.

Undoubtedly, CRF patients have a heavy burden of classical coronary
risk factors as defined in the studies of the Framingham population, including
advanced age, male gender, hypertension, dyslipidemia (in particular low HDL
cholesterol), impaired insulin sensitivity, endothelial cell dysfunction, family
history of coronary disease, cigarette smoking, menopause, physical inactivity
and psychosocial stress. In addition, considerable attention has recently focused
on so-called non-classical risk factors such as increased oxidative stress, abnor-
malities of calcium and phosphate metabolism and an inflammatory syndrome,
since many studies have shown that classical risk factors explain only a limited
proportion of the variance of CVD mortality in renal patients.

Patients with CRF also have a much higher prevalence of arterial calci-
fication than that observed in the general population [6], and this prevalence is
further increased in those with diabetes mellitus. 1t is likely that the excessive
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cardiovascular calcification of such patients is a multifactorial process, inclu-
ding passive mechanisms such as hypercalcemia, hyperphosphatemia and lack
of protective proteins, and active mechanisms such as the transformation of
quiescent smooth muscle cells to actively growing cells with an osteoblast-like
phenotype.

In our experimental studies performed during the last years we have
tried to answer several major questions dealing with the type and speed of prog-
ression of atherosclerosis and vascular calcification in the setting of CRF.

Is atherosclerosis accelerated in CRF?

The term ‘“accelerated atherosclerosis” was proposed by Scribner’s
team in Seattle, Washington, USA 25 years ago to describe the advancing athe-
rosclerotic disease in CRF patients [7]. Even though it has been recognized for
many years that renal failure is often accompanied by calcification of arteries
and other soft tissues, there has been ongoing controversy as to whether the
uremic state might accelerate the progression of atherosclerosis by itself or not.
Dialysis patients often present a combination of calcified atherosclerotic lesions
of the intima and mediacalcosis [8, 9]. Until recently, no suitable animal model
was available for the study of accelerated atherosclerosis in association with
CRF. In contrast to uraemic patients, uraemic rats or mice do not easily develop
atheromatous lesions, being naturally better protected than humans. Therefore,
we reasoned that the apolipoprotein E gene knockout (apo E”) mouse might
constitute a more suitable model to address this issue than wild type mice [10].
Electrocoagulation of the right renal cortex followed by contra-lateral nephre-
ctomy allowed us to develop a new uraemic mouse model characterized by
moderate and stable CRF over several months. Using this model, we were able
to provide evidence of accelerated atherosclerosis in uraemic mice, as compared
to non-uraemic mice [16]. Two other groups developed a similar mouse model
in the same time period and made comparable observations. Thus, Buzello et.
al. and Bro et. Al showed larger atherosclerotic plaques in uraemic E” mice
following 5/6 nephrectomy, compared with sham controls [12, 13]. Lesion for-
mation in uraemic mice was preceded by upregulation of ICAM-1 expression in
the arterial wall after 2 weeks of uremia [14] and CRF of 12-week duration was
accompanied by upregulation of transcripts involved in inflammation including
osteopontin, matrix metalloproteinases (MMP)-3 and -12, VCAM-1 and serum
amyloid A (SAA) [15].

Is atherosclerosis different in CRF?

Extracellular matrix collagen is the primary component of atheroscle-
rotic plaque structure. At present, there is only limited information on the
impact of CRF on plaque collagen content. In our studies, the atheromatous
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lesions of uraemic animals exhibited a marked increase in total collagen content
although there was no evidence of increased infiltration by inflammatory cells
or proteinuria levels (Figure 1) [16, 47]. The former finding is in agreement
with a report by Amann et. al., showing a higher degree of interstitial myo-
cardial fibrosis in uraemic than in non-uraemic rats, as well as a report by
Schwartz et. al. showing an increase in fibrosis of coronary arteries in dialysis
patients [9, 17]. Both observations suggest a profibrotic effect of uraemia.

A

Non-uremic
Apo E "mice

Uremic-
Apo E” mice

Figure 1 — Representative immunohistologic findings of aortic plaques in control vs.
uremic apo E " mice. A. The collagen plaque content in uraemic mice was markedly
increased compared with non-uraemic controls. B. Aortic nitrotyrosine expression.
Note strong staining of nitrotyrosine in the centre of the plaque.

M, media; P, plaque; L, lumen
Slika 1 + Reprezentativni imunohistohemiski analizi na
ateroskleroti~nite plaki kaj kontrolnite vs. uremi~ni
apolipoprotein
E-deficitarni gluvci. A. Procentot na kolagen kaj
uremi~nite gluvci e signifikantno zgolemen vo spredba so
kontrolite. B. Eksresija na nitrotirozin vo aortata. Silno
izrazen steining vo centarot
na ateroskleroti~nata lezija. M, medija,; P, plaka, L, Lumen

Contributions, Sec. Biol. Med. Sci., XXVIII/2 (2007), 11-24



Atherosclerosis and vascular calcification. .. 15

Oxidative stress and inflammation have been recognized as playing a
central role in the pathogenesis of cardiovascular disease in uraemia [18].
Evidence from reliable oxidative stress markers present in the plasma of urea-
mic patients indicates that CRF is a pro-oxidant state [18, 19]. Until recently,
biological evidence of oxidative stress in uraemic patients in vivo relied almost
entirely on the measurement of lipid peroxidation products such as malon-
dialdehyde and thiobarbituratic acid reactive substances (TBARS) which, in
general, poorly reflect the intensity of oxidative stress. In our studies, we found
an increase in nitrotyrosine expression (a marker of nitrosative-oxidative stress)
in the aortic wall of uraemic apoE” mice (Figure 1). Nitrotyrosine is an indirect
marker of peroxynitrite generation that results from the reaction between nitric
oxide (NO) and superoxide. Peroxynitrite further sustains oxidative injury to the
endothelium and reduces NO availability.

A B

Non-uremic
Apo E "mice

Uremic-
Apo E”" mice

Von Kossa’s silver Morphological image
nitrate staining processing Calcification
in red

Figure 2 — Representative images of aorta root sections of control apoE "
and uraemic apoE " mice. (A) Von Kossa silver nitrate staining
(calcification in black). (B) Morphologic image processing
(calcification in red)
Slika 2 + Reprezentativni sliki na sekcii na aorta vo nivo
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na aortalnite valvuli. A. Fon Kosa srebro-nitratno boewe
(kalcifikaciite se odbele ani vo crno). B. Morfolo{ka image
analiza (kalcifikaciite se odbele ani vo crveno)

What type of vascular calcification is promoted or modified by CRF?

The introduction of new techniques for the quantification of vascular
calcification in vivo, such as electron beam computed tomography (EBCT) or
multislice spiral CT, has revolutionized our current thinking about the risks of
vascular calcification. With these techniques coronary artery calcification
(CAC) can be detected and measured as calcium “mass” or expressed as
calcium “score”. In the general population, CAC is positively correlated with
the atherosclerotic plaque burden [20, 21], increased risk of myocardial
infarction [22, 23] and plaque instability [24, 25]. These studies suggest that the
presence of CAC is sensitive and specific for detecting clinically significant
coronary artery disease [26], and for identifying patients at risk of adverse
cardiac events [27].

However, the EBCT technique cannot distinguish whether calcium
deposits are localized in plaques (intima) or in the vascular media, respectively.
Even more importantly, it also does not enable a concomitant assessment of the
progression of atherosclerotic vessel wall lesions.

Enhanced medial calcification has previously been observed in uraemic
rats [28] and rabbits [29]. However, in addition to media calcification, cal-
cification of the intima was reported in only one recent study examining CRF-
induced atherosclerosis in the LDL receptor deficient (LDLR” ) mouse [30]. In
this study, aortic wall calcification was evaluated by vessel tissue staining in a
semi-quantitative fashion. In contrast, we were able for the first time to quantify
separately calcium deposits in the intimal plaque area and the media of the
aortic tissue, using a technique recently established in our laboratory [31]. In
both the intimal and medial layers of the aorta, we found significant increases in
calcified tissue area in uraemic apoE” mice, compared with non-uraemic
controls (Figure 2) [16].

Can we prevent accelerated atherosclerosis and vascular
calcification in CRF?

A prospective randomized clinical trial in chronic haemodialysis
patients recently showed prevention of the progression of vascular calcification
by the calcium-free and aluminum-free phosphate binder sevelamer hydro-
chloride, in contrast to calcium-containing phosphate binders [32]. In this study,
the administration of sevelamer over a time period of 12 months effectively led
to a significantly slower progression of aortic and carotid calcification measured
by EBCT than the administration of calcium-containing phosphate binders.
However, as mentioned above, the EBCT technique cannot distinguish whether
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calcium deposits are localized in plaques (intima) or in the vascular media,
respectively. Even more importantly, it also does not enable a concomitant as-
sessment of the progression of atherosclerotic vessel wall lesions. Accordingly,
we tested the hypothesis that sevelamer, a non-absorbable synthetic polymer
indicated for intestinal binding of phosphate, would attenuate the progression of
the CRF-associated atherosclerosis in our mouse model.

We showed for the first time that sevelamer is capable of preventing the
progression of not only vascular calcification but also of atherosclerosis in urae-
mic apoE” mice [11]. Although sevelamer binds cholesterol in the intestinal
lumen and thereby exerts cholesterol-lowering effects in humans, the anti-
atherosclerotic effect of sevelamer in our study was observed in the absence of a
change in serum total cholesterol levels. Thus, it it is possible that mechanisms
other than a reduction of serum cholesterol were involved in the observed anti-
atherosclerotic effect of sevelamer. Interestingly, in several clinical studies high
serum total cholesterol has also not been found to be a significant risk factor for
mortality in dialysis patients, suggesting that other, non-traditional risk factors
must be important contributors as well.

The well-known pharmacodynamic effects of sevelamer include lowe-
ring of serum phosphate as well as of the serum total and LDL-cholesterol.
Little is known of possible antioxidant and/or anti-inflammatory effects of this
compound. In our study, the reduction of atheromatous lesion progression in
uraemic apoE” by sevelamer was associated with a decrease of nitrotyrosine
expression within aortic lesions. The mechanisms by which sevelamer could
directly modify oxidative stress, or whether it could indirectly influence local
inducible nitric oxide synthase (iNOS) activity in the vessel wall, remains to be
defined [33]. This raises the important question of whether sevelamer may have
anti-oxidant properties mediated via other, non-lipid related mechanisms. Spe-
cifically, it is tempting to speculate that calcium deposition in the vessel wall
may activate oxidative reactive processes and/or that inhibition of vascular
damage by halting plaque calcification or atherosclerosis by sevelamer may
attenuate the pro-oxidant response.

Two recent clinical reports suggested that antioxidant therapy might be
beneficial in reducing cardiovascular events in CRF patients [34, 35]. However,
a causal relationship between oxidative stress and cardiovascular disease has not
yet been firmly established in such patients. Therefore, we have examined a
possible direct effect of n-acetylcysteine (NAC) supplementation on uraemia-
enhanced atherosclerosis in apoE” mice.

NAC, a thiol containing antioxidant, is currently used for the treatment
of several disorders related to oxidative stress such as chronic bronchitis and
acetaminophen poisoning. It has also been shown to protect renal function in
patients with acute and chronic renal failure [36]. NAC exerts direct and
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indirect antioxidant activity due to its sulphhydryl group, and it has particularly
potent anti-myeloperoxidase product effects [37, 38]. Moreover, NAC releases
cysteine after deacetylation, which in turn increases the formation of reduced
glutathione peroxidase (GSH) within the intracellular pool of antioxidant
molecules [39]. GSH in turn can react with peroxynitrite to form S-nitrosothiols,
which may prevent the accumulation of peroxynitrite towards the range of toxic
levels and protect against nitrosative stress [40]. GSH represents one of the
most important natural antioxidant defense systems that decrease early in the
course of CRF and progresses with its degree of severity [41]. NAC success-
sfully reduces plasma malondialdehyde levels [42] and homocysteine concen-
tration [43], and improves pulse pressure and endothelial function in CRF
patients [43]. Finally, Tepel et. al. recently showed that prolonged administra-
tion of NAC was able to reduce cardiovascular events in chronic haemodialysis
patients [35]. However, whether this positive effect was related to a direct
action of NAC on atherosclerosis progression is unknown.

In a second intervention study we showed that the administration of the
antioxidant NAC led to a reduction of atheromatous lesion progression in our
mouse model of uraemia-enhanced atherosclerosis [44]. This finding lends fur-
ther support to the contention that NAC treatment has a direct positive impact
on uraemia-enhanced atherosclerosis. The observed reduction was associated
with a decrease of aortic nitrotyrosine expression, further supporting the hypo-
thesis of a link between oxidative stress and atherosclerosis in CRF. This also
points to the possible importance of nitrosative-oxidative stress in the accelera-
ted atherosclerosis of CRF apoE” mice. In line with this contention, Xia et. al.
showed that NAC significantly decreased plasma levels of nitrate and nitrite,
that is stable metabolites of NO, and reduced endothelial NO synthase protein
expression in the heart and in aortic and mesenteric artery tissues of rats with
streptozotocin-induced diabetes (D) [45]. Similarly, NAC increased nitric oxide
and blunted the nitric oxide reduction caused by cyclosporine A, with no effect
on iNOS in rat renal artery cultured cells [46]. Finally, our finding could serve
as a pathogenetic explanation for the above-mentioned beneficial effect of NAC
supplementation on improved cardiovascular outcome in dialysis patients [35].

Conclusion

At present, the excessive cardiovascular mortality in CRF patients con-
tinues to represent an unmet challenge in cardiovascular medicine, and one of
the major issues is a better understanding of the process of vascular calcify-
cation. Therefore, different approaches to reduce premature atherosclerosis and
vascular calcification in such patients will have to be tested with respect to
efficacy and practicability.
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The precise mechanism of cardiovascular disease in uraemic patients
remains unknown, but it is likely thata host of different factors contribute to the
process. Thus, it is probably overly simplistic to implicate and target a single
factor as the most important pathogenic mechanism in the development of car-
diovascular calcification. Detection of risk factors for cardiovascular disease
(both traditional and kidney disease related) in the early stages of renal function
impairment may be necessary to achieve a significant impact on outcome.

A major limiting factor in uraemia-accelerated vascular calcification has
been the lack of appropriate animal models. We propose that the CRF apoE”
mouse, together with the uraemic LDLR™ mouse, provides a suitable model to
analyse the different molecular and cellular mechanisms responsible for this
serious complication of chronic kidney disease. Moreover, it may provide a
useful tool for the evaluation of new therapeutic strategies aimed at reducing the
accelerated atherosclerosis and vascular calcification associated with uraemia.

Finally, large-scale intervention studies in patients with hard end-stages
are urgently needed to determine whether therapeutic measures aimed at pre-
venting cardiovascular calcification will translate into an improvement in long-
term cardiovascular mortality. Asour knowledge of the mechanisms of CVD in
chronic kidney disease continues to expand, additional targets for intervention
will be identified, and it is likely that a multifaceted therapeutic approach will be
required to achieve a substantial reduction in the cardiovascular mortality of
dialysis patients. Our model will be a useful and helpful model in understanding
these complex interactions, and for testing the multi-strategies to prevent and
treat cardiovascular disease.

REFERENCES

1. London G. M., Drueke T. B. (1997): Atherosclerosis and arteriosclerosis in
chronic renal failure. Kidney Int; 51: 1678—-1695.

2. (1999): Excerpts from United States Renal Data System 1999 Annual Data
Report. Am J Kidney Dis, 34: S1-176.

3. Block G. A., Spiegel D. M., Ehrlich J., Mehta R., Lindbergh J., Dreisbach
A., Raggi P. (2005): Effects of sevelamer and calcium on coronary artery calcification
in patients new to hemodialysis. Kidney Int; 68: 1815-1824.

4. Foley R. N, Parfrey P. S., Harnett J. D., Kent G. M., O'Dea R., Murray D.
C., Barre P. E. (1998): Mode of dialysis therapy and mortality in end-stage renal
disease. J Am Soc Nephrol; 9: 267-276.

5. Drueke T., Witko-Sarsat V., Massy Z., Descamps-Latscha B., Guerin A. P.,
Marchais S. J., Gausson V., London G. M. (2002): Iron therapy, advanced oxidation
protein products, and carotid artery intima-media thickness in end-stage renal disease.
Circulation; 106: 2212-2217.

Prilozi, Odd. biol. med. nauki, XXVIII/2(2007), 11424



20 Ivanovski Ognen, Nikolov G. Igor, et al.

6. Braun J., Oldendorf M., Moshage W., Heidler R., Zeitler E., Luft F. C.
(1996): Electron beam computed tomography in the evaluation of cardiac calcification
in chronic dialysis patients. Am J Kidney Dis; 27: 394-401.

7. Lindner A., Charra B., Sherrard D. J., Scribner B. H. (1974): Accelerated
atherosclerosis in prolonged maintenance hemodialysis. N Engl J Med; 290: 697-701.

8. Ibels L. S., Alfrey A. C., Huffer W. E., Craswell P. W., Anderson J. T., Weil
R., 3rd. (1979): Arterial calcification and pathology in uremic patients undergoing
dialysis. Am J Med,; 66: 790-796.

9. Schwarz U., Buzello M., Ritz E., Stein G., Raabe G., Wiest G., Mall G.,
Amann K. (2000): Morphology of coronary atherosclerotic lesions in patients with end-
stage renal failure. Nephrol Dial Transplant; 15: 218-223.

10. Plump A. S., Smith J. D., Hayek T., Aalto-Setala K., Walsh A., Verstuyft J.
G., Rubin E. M., Breslow J. L. (1992): Severe hypercholesterolemia and atherosclerosis
in apolipoprotein E-deficient mice created by homologous recombination in ES cells.
Cell; 71: 343-353.

11. Phan O., Ivanovski O., Nguyen-Khoa T., Mothu N., Angulo J., Westenfeld
R., Ketteler M., Meert N., Maizel J., Nikolov I. G., Vanholder R., Lacour B., Drueke T.
B., Massy Z. A. (2005): Sevelamer prevents uremia-enhanced atherosclerosis prog-
ression in apolipoprotein E-deficient mice. Circulation; 112: 2875-2882.

12. Buzello M., Tornig J., Faulhaber J., Ehmke H., Ritz E., Amann K. (2003):
The apolipoprotein e knockout mouse: a model documenting accelerated atherogenesis
in uremia. J Am Soc Nephrol; 14: 311-316.

13. Bro S., Bentzon J. F., Falk E., Andersen C. B., Olgaard K., Nielsen L. B.
(2003): Chronic renal failure accelerates atherogenesis in apolipoprotein E-deficient
mice. J Am Soc Nephrol; 14: 2466-2474.

14. Bro S., Moeller F., Andersen C. B., Olgaard K., Nielsen L. B. (2004):
Increased expression of adhesion molecules in uremic atherosclerosis in apolipoprotein-
E-deficient mice. J Am Soc Nephrol; 15: 1495-1503.

15. Bro S., Borup R., Andersen C. B., Moeller F., Olgaard K., Nielsen L. B.
(2006): Uremia-specific effects in the arterial media during development of uremic
atherosclerosis in apolipoprotein E-deficient mice. Arterioscler Thromb Vasc Biol; 26:
570-575.

16. Massy Z. A., Ivanovski O., Nguyen-Khoa T., Angulo J., Szumilak D.,
Mothu N., Phan O., Daudon M., Lacour B., Drueke T. B., Muntzel M. S. (2005):
Uremia accelerates both atherosclerosis and arterial calcification in apolipoprotein E
knockout mice. J Am Soc Nephrol; 16: 109-116.

17. Amann K., Tornig J., Buzello M., Kuhlmann A., Gross M. L., Adamczak
M., Buzello M., Ritz E. (2002): Effect of antioxidant therapy with dl-alpha-tocopherol
on cardiovascular structure in experimental renal failure. Kidney Int; 62: 877-884.

18. Himmelfarb J., Stenvinkel P., Ikizler T. A., Hakim R. M. (2002): The
elephant in uremia: oxidant stress as a unifying concept of cardiovascular disease in
uremia. Kidney Int; 62: 1524—1538.

19. Massy Z. A., Nguyen-Khoa T. (2002): Oxidative stress and chronic renal
failure: markers and management. J Nephrol; 15: 336-341.

Contributions, Sec. Biol. Med. Sci., XXVIII/2 (2007), 11-24



Atherosclerosis and vascular calcification. .. 21

20. Rumberger J. A., Simons D. B., Fitzpatrick L. A., Sheedy P. F., Schwartz
R. S. (1995): Coronary artery calcium area by electron-beam computed tomography and
coronary atherosclerotic plaque area. A histopathologic correlative study. Circulation,
92:2157-2162.

21. Sangiorgi G., Rumberger J. A., Severson A., Edwards W. D., Gregoire J.,
Fitzpatrick L. A., Schwartz R. S. (1998): Arterial calcification and not lumen stenosis is
highly correlated with atherosclerotic plaque burden in humans: a histologic study of
723 coronary artery segments using nondecalcifying methodology. J Am Coll Cardiol;
31:126-133.

22. Beadenkopf W. G., Daoud A. S., Love B. M. (1964): Calcification in the

Coronary Arteries and Its Relationship to Arteriosclerosis and Myocardial Infarction.
Am J Roentgenol Radium Ther Nucl Med; 92: 865-871.

23. Loecker T. H., Schwartz R. S., Cotta C. W., Hickman J. R., Jr. (1992):
Fluoroscopic coronary artery calcification and associated coronary disease in
asymptomatic young men. J Am Coll Cardiol; 19: 1167-1172.

24. Burke A. P., Taylor A., Farb A., Malcom G. T., Virmani R. (2000): Coro-
nary calcification: insights from sudden coronary death victims. Z Kardiol; 89 Suppl 2:
49-53.

25. Fitzgerald P. J., Ports T. A., Yock P. G. (1992): Contribution of localized
calcium deposits to dissection after angioplasty. An observational study using intra-
vascular ultrasound. Circulation; 86: 64-70.

26. Yamamoto H., Imazu M., Hattori Y., Tadehara F., Yamakido M., Naka-
nishi T., Ito K. (1998): Predicting angiographic narrowing > or = 50% in diameter in
each of the three major arteries by amounts of calcium detected by electron beam com-
puted tomographic scanning in patients with chest pain. Am J Cardiol; 81: 778-780.

27. Wong N. D., Sciammarella M., Arad Y., Miranda-Peats R., Polk D.,
Hachamovich R., Friedman J., Hayes S., Daniell A., Berman D. S. (2003): Relation of
thoracic aortic and aortic valve calcium to coronary artery calcium and risk assessment.
Am J Cardiol; 92: 951-955.

28. Krog M., Ejerblad S., Eriksson I., Johansson H. (1984): Arterial calcifica-
tions in uraemic rats treated with 1-alpha-hydroxycholecalciferol and parathyroide-
ctomy. Scand J Urol Nephrol; 18: 227-239.

29. Tvedegaard E. (1987): Arterial disease in chronic renal failure - an expe-
rimental study in the rabbit. Acta Pathol Microbiol Immunol Scand Suppl; 290: 1-28.

30. Davies M. R., Lund R. J., Hruska K. A. (2003): BMP-7 is an efficacious
treatment of vascular calcification in a murine model of atherosclerosis and chronic
renal failure. J Am Soc Nephrol; 14: 1559—-1567.

31. Angulo J N.-K. T., Massy Z, Driieke T., Serra J. (2003): Morphological
quantification of aortic calcification from low magnification images. mage Anal Stereol;
22: 81-89.

32. Chertow G. M., Burke S. K., Raggi P. (2002): Sevelamer attenuates the
progression of coronary and aortic calcification in hemodialysis patients. Kidney Int; 62:
245-252.

33. Kuhlencordt P. J., Gyurko R., Han F., Scherrer-Crosbie M., Aretz T. H.,
Hajjar R., Picard M. H., Huang P. L. (2001): Accelerated atherosclerosis, aortic aneu-

Prilozi, Odd. biol. med. nauki, XXVIII/2(2007), 11424



22 Ivanovski Ognen, Nikolov G. Igor, et al.

rysm formation, and ischemic heart disease in apolipoprotein E/endothelial nitric oxide
synthase double-knockout mice. Circulation; 104: 448—454.

34. Boaz M., Smetana S., Weinstein T., Matas Z., Gafter U., laina A., Knecht
A., Weissgarten Y., Brunner D., Fainaru M., Green M. S. (2000): Secondary prevention
with antioxidants of cardiovascular disease in endstage renal disease (SPACE): ran-
domised placebo-controlled trial. Lancet; 356: 1213—1218.

35. Tepel M., van der Giet M., Statz M., Jankowski J., Zidek W. (2003): The
antioxidant acetylcysteine reduces cardiovascular events in patients with end-stage renal
failure: a randomized, controlled trial. Circulation; 107: 992-995.

36. Holt S., Goodier D., Marley R., Patch D., Burroughs A., Fernando B.,
Harry D., Moore K. (1999): Improvement in renal function in hepatorenal syndrome
with N-acetylcysteine. Lancet,; 353: 294-295.

37. Aruoma O. 1., Halliwell B., Hoey B. M., Butler J. (1989): The antioxidant
action of N-acetylcysteine: its reaction with hydrogen peroxide, hydroxyl radical,
superoxide, and hypochlorous acid. Free Radic Biol Med;. 6: 593-597.

38. Witko-Sarsat V., Gausson V., Nguyen A. T., Touam M., Drueke T., San-
tangelo F., Descamps-Latscha B. (2003): AOPP-induced activation of human neutrophil
and monocyte oxidative metabolism: a potential target for N-acetylcysteine treatment in
dialysis patients. Kidney Int; 64: 82-91.

39. Ferrari R., Ceconi C., Curello S., Cargnoni A., Alfieri O., Pardini A.,
Marzollo P., Visioli O. (1991): Oxygen free radicals and myocardial damage: protective
role of thiol-containing agents. Am J Med,. 91: 95S—105S.

40. Loscalzo J. (2001): Nitric oxide insufficiency, platelet activation, and
arterial thrombosis. Circ Res; 88: 756-762.

41. Ceballos-Picot 1., Witko-Sarsat V., Merad-Boudia M., Nguyen A. T.,
Thevenin M., Jaudon M. C., Zingraff J., Verger C., Jungers P., Descamps-Latscha B.
(1996): Glutathione antioxidant system as a marker of oxidative stress in chronic renal
failure. Free Radic Biol Med; 21: 845-853.

42. Trimarchi H., Mongitore M. R., Baglioni P., Forrester M., Freixas E. A.,
Schropp M., Pereyra H., Alonso M. (2003): N-acetylcysteine reduces malondialdehyde
levels in chronic hemodialysis patients--a pilot study. Clin Nephrol; 59: 441-446.

43. Scholze A., Rinder C., Beige J., Riezler R., Zidek W., Tepel M. (2004):
Acetylcysteine reduces plasma homocysteine concentration and improves pulse pressure
and endothelial function in patients with end-stage renal failure. Circulation; 109: 369—
374.

44, Ivanovski O., Szumilak D., Nguyen-Khoa T., Ruellan N., Phan O., Lacour
B., Descamps-Latscha B., Drueke T. B., Massy Z. A. (2005): The antioxidant N-
acetylcysteine prevents accelerated atherosclerosis in uremic apolipoprotein E knockout
mice. Kidney Int; 67: 2288-2294.

45. Xia Z., Nagareddy P. R., Guo Z., Zhang W., McNeill J. H. (2006):
Antioxidant N-acetylcysteine restores systemic nitric oxide availability and corrects
depressions in arterial blood pressure and heart rate in diabetic rats. Free Radic Res; 40:
175-184.

Contributions, Sec. Biol. Med. Sci., XXVIII/2 (2007), 11-24



Atherosclerosis and vascular calcification. .. 23

46. Lessio C., de Assuncao Silva F., Gloria M. A., Di Tommaso A. B., Gori
Mouro M., Di Marco G. S., Schor N., Higa E. M. (2005): Cyclosporine A and NAC on
the inducible nitric oxide synthase expression and nitric oxide synthesis in rat renal
artery cultured cells. Kidney Int; 68: 2508-2516.

47. Ivanovski O., Nguyen-Khoa T., Phan O., Massy ZA. Could proteinuria
evaluation be helpful in predicting renal progression in apolipoprotein E-deficient (E-/-)
mice with chronic renal failure? Nephrol Dial Transplant; 2004 Apr; 19(4): 1013-4;
author reply 1014.

Pe3zume

ATEPOCKJ/EPO3A N BACKY/JAPHA KAIIMUOUKAIIUIJA
BO YPEMMJA - HOB EKCIIEPUMEHTAJIEH MOJIEJI

Ivanovski Ognen,l'3 Nikolov G. Igor,2'3"1 Druk B. Tilman,3
Masi A. Ziad'

1J3Y Kaunuka 3a ypoaozuja — Ckoilje, YHueep3uilleilicku KAUHUYKI YeHiliap,
Meouvyuncku aryaitieini, Yrnusepauitieiti Ce. Kupua u Meittioouj,
Crkoiije, P. MakeooHuja
’Kaunuxa 3a Hegppoaozuja, YHusep3uitielicKu KAUHUYKU YeHItap,
Meouyuncku ¢axyaiteiti, Yuugepsuitieiti Ce. Kupua u Meitioou;,
Crkoiije, P. MakeooHuja
‘Ucitiparxcysauxu yenitiap "Croissance et Signalisation" Inserm U-845
Meouyuncku arxyaitieii Hexep, Ilapus, @panyuja
‘INSERM ERI-12, Ynusepasuitieiti ITuxapu u Amuen,
YHuusep3uiueiticka 6oanuya, Amuen, Ppanyuja

KapnuoBackynapuara 6onect (KBB) e Hajuecra mpuumHa 3a 3rojieme-
HUOT MOPOWIMTET W MOPTAJIUTET Kaj MAIMEHTH CO XPOHNYHA OyOpeskHa MHCY(DH-
muennyja (XBW). 3abp3anara kanuupuuupadka aTepocKiIepo3a, MerjaHaTa
KajnuguKangja ¥ KapAujaJHATE BaJByJapHHU Kalnu(UKaluu ce TIaBHUTE NpH-
yuHU 3a nojaBa Ha KBbB kaj oBaa monynanmja. MexaHu3muTe co KOM ypemmjaTa
T'l IPEN3BUKYBA M TM MOTEHIMPa BaCKyJIapHUTE Kaam(uKaImi, Kako 1 BpcKarta
nomMefy Hea U IIPOLECOT Ha aTepocKiepo3aTa ce HeO3HATH.

Excuiepumenitianen mooea: AnonunonporenH E nepunmrapanor (AITO
E”) rymwen e eraGampaH MOJEN 3a CIIOHTaH pa3Boj Ha aTepockieposa. Excme-
pUMEHTaJIHA ypeMuja XUPYPIIKU € MHAYLIUpaHa cO KOPTUKANHA eJeKTPOKoary-
Janyja Ha efHUOT Oyoper u He()peKTOMHUja KOHTpAIaTePaIHO MO ABE HEAEeH, CO
e fla ce WCIUTA MojaBaTa Ha akIelieprupaHa aTepoCKIIepo3a, CTENCHOT W BAIOT
Ha BacKyJIapHHUTE Kaliu(uKanud, Kako U (PaKTOpUTE BOBICUCHH BO OBHE NPO-
necn. BoegHo ce ncnmTyBaaT cOOBETHN TepaneBTCKN MepKu. CUTe pe3yiTaTi ce
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CIIOpefyBaHH cO Tpyla Ha HEYpeMUYHU [IyBHU. PesynraTure moTBpAuja AeKa
aTepOCKJIEPOTUYHUTE JIe3Ud BO TOpaKajHaTa aopTa ce CUTHU(PUKAHTHO IIOrOo-
nemu kaj ypemuunute AIIO E” rayBuu Bo criopena co Koutposute. Penatus-
HaTa 30Ha Ha BacKylapHa Kannudukandja ¥ BO MHTHMaTa M BO MefujaTa Ha
aoprata Oellle APacTUYHO TOrojeMa Kaj ypeMUUHUTe TIYBIU OTKOJKY Kaj KOH-
TposauTe. 3rojieMeHaTa aTepockiepo3a Oelle aconupaHa co 3r0JIEMEH CTEHMHUHT
Ha HUTPOTHPO3UH UHAMLUPAJKH 3TONEMEH BacKyJapeH OKCUJATUBEH CTPeC KaKo
U 3roJIeMEH IPOIEHT Ha KOJIareH BO IUIAKUTE, MHANLIUPAjKU CTPYKTYPHO peMofie-
nmipame Ha ucture. Of ipyra crpaHa, TpeTMaHoT co H-aneTwi nucrenH (HALL) ja
CTOIMpA panujHaTa Nporpecuja Ha aTepOCKIECPOTUYHNTE JIE3UH Kaj YPEMUUHHUTE
IJIYBIM BO cropesda co TpeTMaHOoT co miane6o. HAILL-TpeTManoT Gemie acomu-
paH co HaMaJyBamke Ha HAITPOTUPO3NH CTEHHUHTOT, HO 63 MPOMeHa Ha CTEIEHOT
Ha MakpodarHa WH(WITpanuja BO MiIakuTe. TpeTMaHOT CO ceBeJaMep XHUApo-
XJIOpHUJ] He caMo IIITO ja HaMaJi BacKyJapHaTa KajuuguKanyja TyKa ja HaMajal u
nporpecujaTa Ha arepockieposara kaj ypemuunute AIIO E” raysim. [IBara
TepaneBTCKH NpUcTanu 0ea acOUUPAHU CO HaMadyBame HA BACKYJIAPHUOT OKCH-
MaTHBEH CTpEC, HO He M CO HaMallyBame Ha BKYNHHUOT xonecTepos. OBoj excre-
pUMEHTAJIEH MOfie]l OU MOXKeJl fia Ouje KOPHUCEH 3a TECTHpame Ha JpYyru Tepa-
HNEBTCKU CTPATETHMU CO L] HaMalyBamwe Ha 3a0p3aHaTa aTepOCKJepo3a U BacKy-
JlapHa KanuuguKagja Bo cocTojoa Ha ypeMmuja.

Kny4nu 360poBu: arepockieposa, BacKylapHa Kannugukanuja, XpoHn4Ha 0y0-
pexkHa uHCy(UIMEHIN]ja, OKCUATUBEH CTpeC, MIIyIIel,.
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