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The issue of pathological implications and the underlying causes of arterial calcification remain
enigmatic. The possibility of vascular calcification exerting both beneficial and/or detrimental
effects on atherosclerosis has been suggested. Doherty and Detrano [1] proposed that
calcification may stabilize aortic walls weakened by the accumulation of lipids and inflammatory
substances. Farb et al. [2] provided clinical observations that advanced calcification can cause
the aortic walls to become brittle with subsequent ruptures. Other significant clinical effects of
vascular calcification include myocardial infarction [3], failures of bioprosthetic cardiac valves
[4], and hypertension resulting from inflexibility of the aortic walls [5].

The prevailing concept of a close association of osteogenesis with vascular calcification
[6-9] may not be fully appreciated since bone formation in atheromatous regions is a rare event
and that several osteogenesis-related proteins are also present in other soft tissue during
organogenesis [10,11]. Bone resorption processes [12] and nano-bacterial infection [13] as an
alternative cause of arterial calcification is not consistent with a rabbit model in which aortic
calcification occurs in youth at a specific site in which bone resorption and infection is least
expected [14,15].

Accumulated data in this laboratory demonstrate a close correlation of calcifying vesicle
accumulation with calcification in thoracic aortas from rabbits fed cholesterol supplemental diets
and human atherosclerotic subjects [16,17]. Histological examinations of rabbit atherosclerotic
thoracic aortas indicate that calcification starts specifically at the lower zone of plaques adjacent
to smooth muscle layers (Figure 1) [14,15]. Bone-obligatory marker alkaline phosphatase
activity was absent at this provisional calcification site using a specific activity staining
procedure [18]. Neither calcification nor osteoblast-associated osteoid was present. Since
calcification did not occur until plaques are extensively thickened, blockage in the blood supply
to the sites may play a role in the underlying mechanism of aortic calcification.

A rabbit smooth muscle cell culture model was used to determine whether lack of serum
in culture media could induce calcification. As a result, serum was found to be a profound source
of inhibitors for calcification induced by high Ca x P ion products. A mere serum concentration
of 0.04-0.07% from fetal bovine and rabbits was able to inhibit cell-mediated or
thermodynamically induced spontaneous calcification by half [19]. Serum depletion in cell
culture appears to be capable of inducing membrane translocation as evidenced through a
specific apoptosis dye uptake by cells [19]. The translocation leads to exposure of calcifying
vesicles and probably Pi-rich source of intracellular metabolites such as ATP and nucleotides for
calcification. Furthermore, proteomic analyses of calcifying vesicles revealed several
calcification-related proteins including calpactin, calreticulin, integrin, fibrillin, ATPase, and
ATP-synthase [19]. Moreover, current data indicate that ATP- or AMP-initiated calcification in
culture media by vesicles isolated from rabbit aortas can be inhibited by serum.

Although the role of serum in calcification remains unclear, a recent study demonstrates
that dehydration by ethanol increased calcium binding activity of serum by 5-fold. Whether the
large calcium binding capacity of serum may contribute to mineralization inhibition would be



interesting to investigate. Altogether, the site-specific calcification independent of osteogenesis
is a net complex manifestation of several factors such as serum depletion and exposure of
intracellular Pi-yielding calcifying vesicles through membrane translocations.
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Figure 1. Calcification initiates at the lower zone of plaques. Normal rabbit aortas (panels A and
B) show no signs of intimal thickening (A) or alizarin red stains (B) indicative of mineral
deposition. Thickened calcified aortas induced by cholesterol supplemental diets are shown in
panels C and D.

References

1. Doherty TM, Detrano RC. 1994. Coronary arterial calcification as an active process: a new
perspective on an old problem. Calcif Tissue Int 54:; 224-30.

2. Farb A, Burke AP, Tang AL, Liang TY, Smialek J, Virmani R. 1996. Coronary plague erosion
without rupture into a lipid core: a frequent cause of coronary thrombosis in sudden coronary
death. Circulation 93: 1254-63.

3. Vliegenthart R, Oudkerk M, Song B, van der Kuip DAM, Hofman A, Witteman JCM. 2002.
Coronary calcification detected by electron-beam computed tomography and myocardial
infarction. Eur Heart J 23: 1596-1603.

4. Schoen FJ, Levy BJ, Nelson AC, Bernhard WF, Nashet A, Hawley M. 1985. Onset and
progression of experimental bioprosthetic heart valve calcification. Lab Invest 52: 523-32.

5. Guerin AP, London GM, Marchais SJ, Metivier F. 2000. Arterial stiffening and vascular
calcification in end-stage renal disease. Nephrol Dial Transplant 15: 1014-21.

6. Virchow R. 1863. Cellular pathology: as based upon physiological and pathological histology.
New York: Dover, 404-8.

7. Bostrom K, Watson KE, Horn S, Wortham C, Herman IM, Demer LL. 1993. Bone
morphogenetic expression in human atherosclerotic lesions. J Clin Invest 91: 1800-8009.

8. Demer LL, Watson KE, Bostrom K. 1994. Mechanism of calcification in atherosclerosis. Trends
Cardiovasc Med 4: 45-49.

9. Mohler ER, Gannon FH, Reynolds C, Kaplan FS. 2001. Bone formation and inflammation in
calcified cardiac valves. Circulation 103: 1522-28.

10. Schinke T, Mckee MD, Karsenty G. 1999. Extracellular matrix calcification: where is the action?
Nat Genet 21: 150-51.

11. Schinke T, Karsenty G. 2000. Vascular calcification-a passive process in need of inhibitors.
Nephrol Dial Transplant 15: 1272-74.

12. Price PA, Faus SA, Williamson M. 2001. Bisphosphonate alendronate and ibandronate inhibit

artery calcification at doses comparable to those that inhibit bone resorption. Arteroscler Thromb
Vasc Biol 21: 817-24.



13.

14.

15.

16.

17.

18.

19.

Miller VM, Rodgers G., Charlesworth JA, et al. 2004. Evidence of nanobacterial-like structures in
human calcified arteries and cardiac valves. Am J Physiol Heart Circ Physiol 287: H1115-H1124.
Hsu HHT, Camacho NC, Tawfik O, Sun F. 2002. Induction of calcification in rabbit aortas by
high cholesterol diets: roles of calcifying vesicles in dystrophic calcification. Atherosclerosis 161:
85-94.

Hsu HHT, Tawfik O, Sun F. 2004. Mechanisms of dystrophic calcification in rabbit aortas:
Temporal and spatial distributions of calcifying vesicles and calcification-related structural
proteins. Cardiovascular Path 13: 3-10.

Hsu HHT, Camacho N. 1999. Isolation of calcifying vesicles from human atherosclerotic aortas.
Atherosclerosis 143: 353-62.

Hsu HHT, Camacho N, Sun F, Tawfik O, Aono H. 2000. Isolation of calcifying vesicles from
aortas of rabbits fed high cholesterol diets. Atherosclerosis 153: 337-48.

Hsu HHT, Tawfik O. 2006. Mechanisms of focal calcification in atherosclerosis: role of
calcifying vesicles. J Investig Med 54: 402-11.

Hsu HHT, Artigues A, Villar MT. 2008. Induction of calcification by serum depletion in cell
culture: a model for focal calcification in aortas related to atherosclerosis. Lipids Health Dis 7: 2.



