Universiteit

4 Leiden
The Netherlands

Genetic determinants of healthy longevity
Mooijaart, S.P.

Citation
Mooijaart, S. P. (2007, December 4). Genetic determinants of healthy longevity. Retrieved
from https://hdl.handle.net/1887/12477

Version: Corrected Publisher’s Version

Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/12477

License:

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/12477

REFERENCES
SAMENVATTING

LIST OF PUBLICATIONS
DANKWOORD

CV OF AUTHOR







REFERENCES| 139

REFERENCES

Accili, D., 1995. Molecular defects of the insulin receptor gene. Diabetes Metab Rev. 11 (1), 47-62.

Altomonte, J., Richter, A., Harbaran, S., Suriawinata, J., Nakae, J., Thung, S.N., Meseck, M., Accili, D., Dong, H.,
2003. Inhibition of Foxol function is associated with improved fasting glycemia in diabetic mice. Am.
J. Physiol Endocrinol. Metab 285 (4), E718-E728.

Andressoo, J.0., Hoeijmakers, J.H., 2005. Transcription-coupled repair and premature ageing. Mutat. Res. 577 (1-
2), 179-194.

Antebi, A., Culotti, J.G., Hedgecock, E.M., 1998. daf-12 regulates developmental age and the dauer alternative in
Caenorhabditis elegans. Development 125 (7), 1191-1205.

Antebi, A., Yeh, W.H., Tait, D., Hedgecock, E.M., Riddle, D.L., 2000. daf-12 encodes a nuclear receptor that
regulates the dauer diapause and developmental age in C. elegans. Genes Dev. 14 (12), 1512-1527.

Arantes-Oliveira, N., Apfeld, J., Dillin, A., Kenyon, C., 2002. Regulation of life-span by germ-line stem cells in
Caenorhabditis elegans. Science 295 (5554), 502-505.

Ariyoshi, M., Schwabe, J.W., 2003. A conserved structural motif reveals the essential transcriptional repression
function of Spen proteins and their role in developmental signaling. Genes Dev. 17 (15), 1909-1920.

Arking, D.E., Atzmon, G., Arking, A., Barzilai, N., Dietz, H.C., 2005. Association between a functional variant of the
KLOTHO gene and high-density lipoprotein cholesterol, blood pressure, stroke, and longevity. Circ.
Res. 96 (4), 412-418.

Arking, D.E., Krebsova, A., Macek, M., Sr., Macek, M., Jr., Arking, A., Mian, I.S., Fried, L., Hamosh, A., Dey, S.,
Mclntosh, I., Dietz, H.C., 2002. Association of human aging with a functional variant of klotho. Proc.
Natl. Acad. Sci. U. S. A 99 (2), 856-861.

Attardi, L.D., 2005. The role of p53-mediated apoptosis as a crucial anti-tumor response to genomic instability:
lessons from mouse models. Mutat. Res. 569 (1-2), 145-157.

Baldal EA, Baktawar W, Brakefield PM, Zwaan BJ (2006) Methuselah life history in a variety of conditions,
implications for the use of mutants in longevity research. Exp. Gerontol. 41, 1126-1135.

Bales, K.R., Verina, T., Cummins, D.J., Du, Y., Dodel, R.C., Saura, J., Fishman, C.E., DeLong, C.A., Piccardo, P.,
Petegnief, V., Ghetti, B., Paul, S.M., 1999. Apolipoprotein E is essential for amyloid deposition in the
APP(V717F) transgenic mouse model of Alzheimer's disease. Proc. Natl. Acad. Sci. U. S. A 96 (26),
15233-15238.

Bales, K.R., Verina, T., Dodel, R.C., Du, Y., Altstiel, L., Bender, M., Hyslop, P., Johnstone, E.M., Little, S.P.,
Cummins, D.J., Piccardo, P., Ghetti, B., Paul, S.M., 1997. Lack of apolipoprotein E dramatically reduces
amyloid beta-peptide deposition. Nat. Genet. 17 (3), 263-264.

Baltimore, D., 2001. Our genome unveiled. Nature 409 (6822), 814-816.

Barcia, A.M., Harris, H.W., 2005. Triglyceride-rich lipoproteins as agents of innate immunity. Clin. Infect. Dis. 41
Suppl 7 S498-S503.

Barlage, S., Frohlich, D., Bottcher, A., Jauhiainen, M., Muller, H.P., Noetzel, F., Rothe, G., Schutt, C., Linke, R.P.,
Lackner, K.J., Ennholm, C., Schmitz, G., 2001. ApoE-containing high density lipoproteins and
phospholipid transfer protein activity increase in patients with a systemic inflammatory response. J.
Lipid Res. 42 (2), 281-290.

Barrett, J.C., Fry, B., Maller, J., Daly, M.J., 2005. Haploview: analysis and visualization of LD and haplotype maps.
Bioinformatics. 21, 263-265.

Bartke, A., 2005. Minireview: role of the growth hormone/insulin-like growth factor system in mammalian aging.
Endocrinology 146 (9), 3718-3723.

Bartke, A., 2003. Can growth hormone (GH) accelerate aging? Evidence from GH-transgenic mice.
Neuroendocrinology 78 (4), 210-216.

Bartke, A., Brown-Borg, H., 2004. Life extension in the dwarf mouse. Curr. Top. Dev. Biol. 63 189-225.



140 | REFERENCES

Barzilai, N., Atzmon, G., Schechter, C., Schaefer, E.J., Cupples, A.L,, Lipton, R., Cheng, S., Shuldiner, A.R., 2003b.
Unique lipoprotein phenotype and genotype associated with exceptional longevity. JAMA 290 (15),
2030-2040.

Bauer, J.H., Helfand, S.L., 2006. New tricks of an old molecule: lifespan regulation by p53. Aging Cell 5 (5), 437-
440.

Becker, A., Eyles, D.W., McGrath, J.J., Grecksch, G., 2005. Transient prenatal vitamin D deficiency is associated
with subtle alterations in learning and memory functions in adult rats. Behav. Brain Res. 161, 306-312.

Beekman, M., Heijmans, B.T., Martin, N.G., Pedersen, N.L., Whitfield, J.B., DeFaire, U., van Baal, G.C., Snieder, H.,
Vogler, G.P., Slagboom, P.E., Boomsma, D.l., 2002a. Heritabilities of apolipoprotein and lipid levels in
three countries. Twin. Res. 5 (2), 87-97.

Beekman, M., Posthuma, D., Heijmans, B.T., Lakenberg, N., Suchiman, H.E., Snieder, H., de Knijff, P., Frants, R.R.,
van Ommen, G.J., Kluft, C., Vogler, G.P., Slagboom, P.E., Boomsma, D.l., 2004a. Combined association
and linkage analysis applied to the APOE locus. Genet. Epidemiol. 26 (4), 328-337.

Bellizzi, D., Rose, G., Cavalcante, P., Covello, G., Dato, S., De Rango, F., Greco, V., Maggiolini, M., Feraco, E., Mari,
V., Franceschi, C., Passarino, G., De Benedictis, G., 2005. A novel VNTR enhancer within the SIRT3
gene, a human homologue of SIR2, is associated with survival at oldest ages. Genomics 85 (2), 258-
263.

Bellosta, S., Mahley, R.W., Sanan, D.A., Murata, J., Newland, D.L., Taylor, J.M., Pitas, R.E., 1995. Macrophage-
specific expression of human apolipoprotein E reduces atherosclerosis in hypercholesterolemic
apolipoprotein E-null mice. J. Clin. Invest 96 (5), 2170-2179.

Berbee, J.F., Havekes, L.M., Rensen, P.C., 2005a. Apolipoproteins modulate the inflammatory response to
lipopolysaccharide. J. Endotoxin. Res. 11 (2), 97-103.

Berbee, J.F., van der Hoogt, C.C., Kleemann, R., Schippers, E.F., Kitchens, R.L., Van Dissel, J.T., Bakker-
Woudenberg, I.A., Havekes, L.M., Rensen, P.C., 2006. Apolipoprotein Cl stimulates the response to
lipopolysaccharide and reduces mortality in gram-negative sepsis. FASEB J. 20 (12), 2162-2164.

Berbee, J.F., van der Hoogt, C.C., Sundararaman, D., Havekes, L.M., Rensen, P.C., 2005b. Severe
hypertriglyceridemia in human APOCL1 transgenic mice is caused by apoC-I-induced inhibition of LPL. J.
Lipid Res. 46 (2), 297-306.

Bertilsson, G., Heidrich, J., Svensson, K., Asman, M., Jendeberg, L., Sydow-Backman, M., Ohlsson, R., Postlind, H.,
Blomquist, P., Berkenstam, A., 1998. Identification of a human nuclear receptor defines a new
signaling pathway for CYP3A induction. Proc. Natl. Acad. Sci. U. S. A 95 (21), 12208-12213.

Besson, A., Salemi, S., Gallati, S., Jenal, A., Horn, R., Mullis, P.S., Mullis, P.E., 2003. Reduced longevity in untreated
patients with isolated growth hormone deficiency. J. Clin. Endocrinol. Metab 88 (8), 3664-3667.

Bishop-Bailey, D., Walsh, D.T., Warner, T.D., 2004. Expression and activation of the farnesoid X receptor in the
vasculature. Proc. Natl. Acad. Sci. U. S. A 101 (10), 3668-3673.

Blander, G., de Oliveira, R.M., Conboy, C.M., Haigis, M., Guarente, L., 2003. Superoxide dismutase 1 knock-down
induces senescence in human fibroblasts. J. Biol. Chem. 278 (40), 38966-38969.

Bluher, M., Kahn, B.B., Kahn, C.R., 2003. Extended longevity in mice lacking the insulin receptor in adipose tissue.
Science 299 (5606), 572-574.

Blumberg, B., Sabbagh, W., Jr., Juguilon, H., Bolado, J., Jr., van Meter, C.M., Ong, E.S., Evans, R.M., 1998. SXR, a
novel steroid and xenobiotic-sensing nuclear receptor. Genes Dev. 12 (20), 3195-3205.

Boerwinkle, E., Utermann, G., 1988. Simultaneous effects of the apolipoprotein E polymorphism on
apolipoprotein E, apolipoprotein B, and cholesterol metabolism. Am. J. Hum. Genet. 42 (1), 104-112.

Bohr, V.A., Metter, E.J., Harrigan, J.A., von Kobbe, C., Liu, J.L., Gray, M.D., Majumdar, A., Wilson, D.M., llI,
Seidman, M.M., 2004. Werner syndrome protein 1367 variants and disposition towards coronary
artery disease in Caucasian patients. Mech. Ageing Dev. 125 (7), 491-496.

Bonafe, M., Barbieri, M., Marchegiani, F., Olivieri, F., Ragno, E., Giampieri, C., Mugianesi, E., Centurelli, M.,
Franceschi, C., Paolisso, G., 2003. Polymorphic variants of insulin-like growth factor | (IGF-I) receptor
and phosphoinositide 3-kinase genes affect IGF-I plasma levels and human longevity: cues for an
evolutionarily conserved mechanism of life span control. J. Clin. Endocrinol. Metab 88 (7), 3299-3304.



REFERENCES| 141

Bonafe, M., Salvioli, S., Barbi, C., Trapassi, C., Tocco, F., Storci, G., Invidia, L., Vannini, ., Rossi, M., Marzi, E.,
Mishto, M., Capri, M., Olivieri, F., Antonicelli, R., Memo, M., Uberti, D., Nacmias, B., Sorbi, S., Monti,
D., Franceschi, C., 2004. The different apoptotic potential of the p53 codon 72 alleles increases with
age and modulates in vivo ischaemia-induced cell death. Cell Death. Differ. 11 (9), 962-973.

Bootsma van der Wiel, A., van Exel, E., de Craen, A.J., Gussekloo, J., Lagaay, A.M., Knook, D.L., Westendorp, R.G.,
2002. A high response is not essential to prevent selection bias: results from the Leiden 85-plus study.
J. Clin. Epidemiol. 55 (11), 1119-1125.

Bordone, L., Guarente, L., 2005. Calorie restriction, SIRT1 and metabolism: understanding longevity. Nat. Rev.
Mol. Cell Biol. 6 (4), 298-305.

Brand, N., Jolles, J., 1985. Learning and retrieval rate of words presented auditorily and visually. J. Gen. Psychol.
112, 201-210.

Brandt, B.W., Zwaan, B.J., Beekman, M., Westendorp, R.G., Slagboom, P.E., 2005. Shuttling between species for
pathways of lifespan regulation: A central role for the vitellogenin gene family? Bioessays 27 (3), 339-
346.

Brewer, L.D., Thibault, V., Chen, K.C., Langub, M.C., Landfield, P.W., Porter, N.M., 2001. Vitamin D hormone
confers neuroprotection in parallel with downregulation of L-type calcium channel expression in
hippocampal neurons. J. Neurosci. 21, 98-108.

Brewer, L.D., Porter, N.M., Kerr, D.S., Landfield, P.W., Thibault, O., 2006. Chronic 1lalpha,25-(OH)2 vitamin D3
treatment reduces Ca2+ -mediated hippocampal biomarkers of aging. Cell Calcium 40, 277-286.

Britten, R.J., 2006. Almost all human genes resulted from ancient duplication. Proc. Natl. Acad. Sci. U. S. A 103
(50), 19027-19032.

Brodsky, M.H., Weinert, B.T., Tsang, G., Rong, Y.S., McGinnis, N.M., Golic, K.G., Rio, D.C., Rubin, G.M., 2004.
Drosophila melanogaster MNK/Chk2 and p53 regulate multiple DNA repair and apoptotic pathways
following DNA damage. Mol. Cell Biol. 24 (3), 1219-1231.

Broughton, S.J., Piper, M.D., Ikeya, T., Bass, T.M., Jacobson, J., Driege, Y., Martinez, P., Hafen, E., Withers, D.J.,
Leevers, S.J., Partridge, L., 2005. Longer lifespan, altered metabolism, and stress resistance in
Drosophila from ablation of cells making insulin-like ligands. Proc. Natl. Acad. Sci. U. S. A 102 (8),
3105-3110.

Brown, E.J., Baltimore, D., 2000. ATR disruption leads to chromosomal fragmentation and early embryonic
lethality. Genes Dev. 14 (4), 397-402.

Brown, J., Bianco, J.l., McGrath, J.J., Eyles, D.W., 2003. 1,25-dihydroxyvitamin D3 induces nerve growth factor,
promotes neurite outgrowth and inhibits mitosis in embryonic rat hippocampal neurons. Neurosci.
Lett. 343, 139-143.

Brown-Borg, H.M., Borg, K.E., Meliska, C.J., Bartke, A., 1996. Dwarf mice and the ageing process. Nature 384
(6604), 33-

Burne, T.H., Becker, A., Brown, J., Eyles, D.W., Mackay-Sim, A., McGrath, J.J., 2004. Transient prenatal Vitamin D
deficiency is associated with hyperlocomotion in adult rats. Behav. Brain Res. 154, 549-555.

Campisi, J., 2003. Cancer and ageing: rival demons? Nat. Rev. Cancer 3 (5), 339-349.

Cantorna, M.T., Hayes, C.E., Deluca, H.F., 1996. 1,25-Dihydroxyvitamin D3 reversibly blocks the progression of
relapsing encephalomyelitis, a model of multiple sclerosis. Proc. Natl. Acad. Sci. U. S. A 93, 7861-7864.

Canturk, N.Z., Canturk, Z., Okay, E., Yirmibesoglu, O., Eraldemir, B., 2002. Risk of nosocomial infections and
effects of total cholesterol, HDL cholesterol in surgical patients. Clin. Nutr. 21 (5), 431-436.

Carlsson, J., Armstrong, V.W., Reiber, H., Felgenhauer, K., Seidel, D., 1991. Clinical relevance of the quantification
of apolipoprotein E in cerebrospinal fluid. Clin. Chim. Acta 196 (2-3), 167-176.

Carmena, R., Duriez, P., Fruchart, J.C., 2004. Atherogenic lipoprotein particles in atherosclerosis. Circulation 109
(23 Suppl 1), N12-1117.

Casper, A.M., Durkin, S.G., Arlt, M.F., Glover, T.W., 2004. Chromosomal instability at common fragile sites in
Seckel syndrome. Am. J. Hum. Genet. 75 (4), 654-660.

Castrillon, D.H., Miao, L., Kollipara, R., Horner, J.W., DePinho, R.A., 2003. Suppression of ovarian follicle activation
in mice by the transcription factor Foxo3a. Science 301 (5630), 215-218.

Castro, E., Edland, S.D., Lee, L., Ogburn, C.E., Deeb, S.S., Brown, G., Panduro, A., Riestra, R., Tilvis, R., Louhija, J.,
Penttinen, R., Erkkola, R., Wang, L., Martin, G.M., Oshima, J., 2000. Polymorphisms at the Werner



142 | REFERENCES

locus: Il. 1074Leu/Phe, 1367Cys/Arg, longevity, and atherosclerosis. Am. J. Med. Genet. 95 (4), 374-
380.

Chavous, D.A., Jackson, F.R., O'Connor, C.M., 2001. Extension of the Drosophila lifespan by overexpression of a
protein repair methyltransferase. Proc. Natl. Acad. Sci. U. S. A 98 (26), 14814-14818.

Christiansen, L., Petersen, H.C., Bathum, L., Frederiksen, H., McGue, M., Christensen, K., 2004. The catalase -
262C/T promoter polymorphism and aging phenotypes. J. Gerontol. A Biol. Sci. Med. Sci. 59 (9), B886-
B889.

Chu, Y., Alwahdani, A,, lida, S., Lund, D.D., Faraci, F.M., Heistad, D.D., 2005. Vascular effects of the human
extracellular superoxide dismutase R213G variant. Circulation 112 (7), 1047-1053.

Clancy, D.J., Gems, D., Harshman, L.G., Oldham, S., Stocker, H., Hafen, E., Leevers, S.J., Partridge, L., 2001.
Extension of life-span by loss of CHICO, a Drosophila insulin receptor substrate protein. Science 292
(5514), 104-106.

Clancy DJ, Gems D, Hafen E, Leevers SJ, Partridge L (2002) Dietary restriction in long-lived dwarf flies. Science
296, 319.

Cleaver, J.E., 2005. Cancer in xeroderma pigmentosum and related disorders of DNA repair. Nat. Rev. Cancer 5
(7), 564-573.

Cohen, H.Y., Miller, C., Bitterman, K.J., Wall, N.R., Hekking, B., Kessler, B., Howitz, K.T., Gorospe, M., de Cabo, R.,
Sinclair, D.A., 2004. Calorie restriction promotes mammalian cell survival by inducing the SIRT1
deacetylase. Science 305 (5682), 390-392.

Cohn, J.S., Rodriguez, C., Jacques, H., Tremblay, M., Davignon, J., 2004. Storage of human plasma samples leads
to alterations in the lipoprotein distribution of apoC-Ill and apoE. J. Lipid Res. 45 (8), 1572-1579.

Cohn, J.S., Tremblay, M., Boulet, L., Jacques, H., Davignon, J., Roy, M., Bernier, L., 2003. Plasma concentration
and lipoprotein distribution of ApoC-l is dependent on ApoE genotype rather than the Hpa | ApoC-I
promoter polymorphism. Atherosclerosis 169 (1), 63-70.

Conant, G.C., Wagner, A., 2004. Duplicate genes and robustness to transient gene knock-downs in
Caenorhabditis elegans. Proc. Biol. Sci. 271 (1534), 89-96.

Conde-Knape, K., Bensadoun, A., Sobel, J.H., Cohn, J.S., Shachter, N.S., 2002. Overexpression of apoC-I in apoE-
null mice: severe hypertriglyceridemia due to inhibition of hepatic lipase. J. Lipid Res. 43 (12), 2136~
2145.

Corder, E.H., Saunders, A.M., Risch, N.J., Strittmatter, W.J., Schmechel, D.E., Gaskell, P.C., Jr., Rimmler, J.B.,
Locke, P.A., Conneally, P.M., Schmader, K.E., ., 1994. Protective effect of apolipoprotein E type 2 allele
for late onset Alzheimer disease. Nat. Genet. 7 (2), 180-184.

Corder, E.H., Saunders, A.M., Strittmatter, W.J., Schmechel, D.E., Gaskell, P.C., Small, G.W., Roses, A.D., Haines,
J.L., Pericak-Vance, M.A., 1993. Gene dose of apolipoprotein E type 4 allele and the risk of Alzheimer's
disease in late onset families. Science 261 (5123), 921-923.

Coschigano, K.T., Clemmons, D., Bellush, L.L., Kopchick, J.J., 2000. Assessment of growth parameters and life span
of GHR/BP gene-disrupted mice. Endocrinology 141 (7), 2608-2613.

Coschigano, K.T., Holland, A.N., Riders, M.E., List, E.O., Flyvbjerg, A., Kopchick, J.J., 2003. Deletion, but not
antagonism, of the mouse growth hormone receptor results in severely decreased body weights,
insulin, and insulin-like growth factor I levels and increased life span. Endocrinology 144 (9), 3799-
3810.

Curry, M.D., McConathy, W.J., Fesmire, J.D., Alaupovic, P., 1981. Quantitative determination of apolipoproteins
C-l and C-Il in human plasma by separate electroimmunoassays. Clin. Chem. 27 (4), 543-548.

De Benedictis, G., Carotenuto, L., Carrieri, G., De Luca, M., Falcone, E., Rose, G., Cavalcanti, S., Corsonello, F.,
Feraco, E., Baggio, G., Bertolini, S., Mari, D., Mattace, R., Yashin, A.l., Bonafe, M., Franceschi, C., 1998.
Gene/longevity association studies at four autosomal loci (REN, THO, PARP, SOD2). Eur. J. Hum.
Genet. 6 (6), 534-541.

de Bont, N., Netea, M.G., Demacker, P.N., Verschueren, I., Kullberg, B.J., van Dijk, K.W., van der Meer, J.W.,
Stalenhoef, A.F., 1999. Apolipoprotein E knock-out mice are highly susceptible to endotoxemia and
Klebsiella pneumoniae infection. J. Lipid Res. 40 (4), 680-685.

De Craen, A.J., Heeren, T.J., Gussekloo, J., 2003. Accuracy of the 15-item geriatric depression scale (GDS-15) in a

community sample of the oldest old. Int. J. Geriatr. Psychiatry 18, 63-66.

de Craen, A.J., Posthuma, D., Remarque, E.J., van den Biggelaar, A.H., Westendorp, R.G., Boomsma, D.l., 2005.
Heritability estimates of innate immunity: an extended twin study. Genes Immun. 6 (2), 167-170.



REFERENCES| 143

de Groot, J.C., de Leeuw, F.E., Oudkerk, M., van Gijn, J., Hofman, A., Jolles, J., Breteler, M.M., 2000. Cerebral
white matter lesions and cognitive function: the Rotterdam Scan Study. Ann. Neurol. 47 (2), 145-151.

de Viragh, P.A., Haglid, K.G., Celio, M.R., 1989. Parvalbumin increases in the caudate putamen of rats with
vitamin D hypervitaminosis. Proc. Natl. Acad. Sci. U. S. A 86, 3887-3890.

Delgado-Rodriguez, M., Medina-Cuadros, M., Martinez-Gallego, G., Sillero-Arenas, M., 1997. Total cholesterol,
HDL-cholesterol, and risk of nosocomial infection: a prospective study in surgical patients. Infect.
Control Hosp. Epidemiol. 18 (1), 9-18.

Derry, W.B., Putzke, A.P., Rothman, J.H., 2001. Caenorhabditis elegans p53: role in apoptosis, meiosis, and stress
resistance. Science 294 (5542), 591-595.

Diamond, J., 2003. The double puzzle of diabetes. Nature 423 (6940), 599-602.

Dominici, F.P., Hauck, S., Argentino, D.P., Bartke, A., Turyn, D., 2002. Increased insulin sensitivity and
upregulation of insulin receptor, insulin receptor substrate (IRS)-1 and IRS-2 in liver of Ames dwarf
mice. J. Endocrinol. 173 (1), 81-94.

Donehower, L.A., Harvey, M., Slagle, B.L., McArthur, M.J., Montgomery, C.A., Jr., Butel, J.S., Bradley, A., 1992.
Mice deficient for p53 are developmentally normal but susceptible to spontaneous tumours. Nature
356 (6366), 215-221.

Duarte, J., Perriere, G., Laudet, V., Robinson-Rechavi, M., 2002. NUREBASE: database of nuclear hormone
receptors. Nucleic Acids Res. 30 (1), 364-368.

Dumont, P., Leu, J.I,, Della, P.A., Ill, George, D.L., Murphy, M., 2003. The codon 72 polymorphic variants of p53
have markedly different apoptotic potential. Nat. Genet. 33 (3), 357-365.

Echchgadda, I., Song, C.S., Roy, A.K., Chatterjee, B., 2004. Dehydroepiandrosterone sulfotransferase is a target
for transcriptional induction by the vitamin D receptor. Mol. Pharmacol. 65 (3), 720-729.

Eichner, J.E., Dunn, S.T., Perveen, G., Thompson, D.M., Stewart, K.E., Stroehla, B.C., 2002. Apolipoprotein E
polymorphism and cardiovascular disease: a HUGE review. Am. J. Epidemiol. 155 (6), 487-495.

Eisen, J.A., Hanawalt, P.C., 1999. A phylogenomic study of DNA repair genes, proteins, and processes. Mutat. Res.
435 (3), 171-213.

Elzen van den, P., Garg, S., Leon, L., Brigl, M., Leadbetter, E.A., Gumperz, J.E., Dascher, C.C., Cheng, T.Y., Sacks,
F.M., lllarionov, P.A., Besra, G.S., Kent, S.C., Moody, D.B., Brenner, M.B., 2005. Apolipoprotein-
mediated pathways of lipid antigen presentation. Nature 437 (7060), 906-910.

Espirito Santo, S.M., Rensen, P.C., Goudriaan, J.R., Bensadoun, A., Bovenschen, N., Voshol, P.J., Havekes, L.M.,
van Vlijmen, B.J., 2005. Triglyceride-rich lipoprotein metabolism in unique VLDL receptor, LDL
receptor, and LRP triple-deficient mice. J. Lipid Res. 46 (6), 1097-1102.

Eyles, D., Brown, J., Mackay-Sim, A., McGrath, J., Feron, F., 2003. Vitamin D3 and brain development.
Neuroscience 118, 641-653.

Fang, Y., Van Meurs, J.B., Bergink, A.P., Hofman, A., van Duijn, C.M., Van Leeuwen, J.P., Pols, H.A., Uitterlinden,
A.G., 2003. Cdx-2 polymorphism in the promoter region of the human vitamin D receptor gene
determines susceptibility to fracture in the elderly. J. Bone Miner. Res. 18 (9), 1632-1641.

Fang, Y., van Meurs, J.B., d'Alesio, A., Jhamai, M., Zhao, H., Rivadeneira, F., Hofman, A., van Leeuwen, J.P., Jehan,
F., Pols, H.A., Uitterlinden, A.G., 2005. Promoter and 3'-untranslated-region haplotypes in the vitamin
d receptor gene predispose to osteoporotic fracture: the rotterdam study. Am. J. Hum. Genet. 77,
807-823.

Fazio, S., Babaev, V.R., Murray, A.B., Hasty, A.H., Carter, K.J., Gleaves, L.A., Atkinson, J.B., Linton, M.F., 1997.
Increased atherosclerosis in mice reconstituted with apolipoprotein E null macrophages. Proc. Natl.
Acad. Sci. U. S. A 94 (9), 4647-4652.

Feingold, K.R., Grunfeld, C., 1997. Lipoproteins: are they important components of host defense? Hepatology 26
(6), 1685-1686.

Finkel, T., Holbrook, N.J., 2000. Oxidants, oxidative stress and the biology of ageing. Nature 408 (6809), 239-247.

Fisher, A.L., Lithgow, G.J., 2006. The nuclear hormone receptor DAF-12 has opposing effects on Caenorhabditis
elegans lifespan and regulates genes repressed in multiple long-lived worms. Aging Cell 5 127-138.

Flachsbart, F., Croucher, P.J., Nikolaus, S., Hampe, J., Cordes, C., Schreiber, S., Nebel, A., 2006. Sirtuin 1 (SIRT1)
sequence variation is not associated with exceptional human longevity. Exp. Gerontol. 41 (1), 98-102.



144 | REFERENCES

Flurkey, K., Papaconstantinou, J., Miller, R.A., Harrison, D.E., 2001. Lifespan extension and delayed immune and
collagen aging in mutant mice with defects in growth hormone production. Proc. Natl. Acad. Sci. U. S.
A 98 (12), 6736-6741.

Folin, M., Baiguera, S., Conconi, M.T., Di Liddo, R., De Carlo, E., Parnigotto, P.P., Nussdorfer, G.G., 2004.
Apolipoprotein E as vascular risk factor in neurodegenerative dementia. Int. J. Mol. Med. 14 (4), 609-
613.

Folstein, M.F., Folstein, S.E., McHugh, P.R., 1975. "Mini-mental state". A practical method for grading the
cognitive state of patients for the clinician. J. Psychiatr. Res. 12 (3), 189-198.

Force, A., Lynch, M., Pickett, F.B., Amores, A., Yan, Y.L., Postlethwait, J., 1999. Preservation of duplicate genes by
complementary, degenerative mutations. Genetics 151 (4), 1531-1545.

Frye, R.A., 2000. Phylogenetic classification of prokaryotic and eukaryotic Sir2-like proteins. Biochem. Biophys.
Res. Commun. 273 (2), 793-798.

Furuyama, T., Nakazawa, T., Nakano, I., Mori, N., 2000. Identification of the differential distribution patterns of
mRNAs and consensus binding sequences for mouse DAF-16 homologues. Biochem. J. 349 (Pt 2), 629-
634.

Garcion, E., Wion-Barbot, N., Montero-Menei, C.N., Berger, F., Wion, D., 2002. New clues about vitamin D
functions in the nervous system. Trends Endocrinol. Metab 13, 100-105.

Gautier, T., Masson, D., de Barros, J.P., Athias, A., Gambert, P., Aunis, D., Metz-Boutigue, M.H., Lagrost, L., 2000.
Human apolipoprotein C-1 accounts for the ability of plasma high density lipoproteins to inhibit the
cholesteryl ester transfer protein activity. J. Biol. Chem. 275 (48), 37504-37509.

Gautier, T., Masson, D., Jong, M.C., Duverneuil, L., Le Guern, N., Deckert, V., Pais de Barros, J.P., Dumont, L.,
Bataille, A., Zak, Z., Jiang, X.C., Tall, A.R., Havekes, L.M., Lagrost, L., 2002. Apolipoprotein ClI deficiency
markedly augments plasma lipoprotein changes mediated by human cholesteryl ester transfer protein
(CETP) in CETP transgenic/ApoCl-knocked out mice. J. Biol. Chem. 277 (35), 31354-31363.

Gautier, T., Tietge, U.J., Boverhof, R., Perton, F.G., Le Guern, N., Masson, D., Rensen, P.C., Havekes, L.M., Lagrost,
L., Kuipers, F., 2007. Hepatic lipid accumulation in apolipoprotein C-I-deficient mice is potentiated by
cholesteryl ester transfer protein. J. Lipid Res. 48 (1), 30-40.

Geesaman, B.J., Benson, E., Brewster, S.J., Kunkel, L.M., Blanche, H., Thomas, G., Perls, T.T., Daly, M.J., Puca, A.A.,
2003. Haplotype-based identification of a microsomal transfer protein marker associated with the
human lifespan. Proc. Natl. Acad. Sci. U. S. A 100 (24), 14115-14120.

Gems, D., Sutton, A.J,, Sundermeyer, M.L., Albert, P.S., King, K.V., Edgley, M.L., Larsen, P.L., Riddle, D.L., 1998.
Two pleiotropic classes of daf-2 mutation affect larval arrest, adult behavior, reproduction and
longevity in Caenorhabditis elegans. Genetics 150 (1), 129-155.

Gerisch, B., Antebi, A., 2004. Hormonal signals produced by DAF-9/cytochrome P450 regulate C. elegans dauer
diapause in response to environmental cues. Development 131 (8), 1765-1776.

Giguere, V., 1999. Orphan nuclear receptors: from gene to function. Endocr. Rev. 20 (5), 689-725.

Goodwin, B., Moore, J.T., 2004. CAR: detailing new models. Trends Pharmacol. Sci. 25 (8), 437-441.

Gordon, D.J., Probstfield, J.L., Garrison, R.J., Neaton, J.D., Castelli, W.P., Knoke, J.D., Jacobs, D.R., Jr., Bangdiwala,
S., Tyroler, H.A., 1989. High-density lipoprotein cholesterol and cardiovascular disease. Four
prospective American studies. Circulation 79 (1), 8-15.

Grefhorst, A., Elzinga, B.M., Voshol, P.J., Plosch, T., Kok, T., Bloks, V.W., van der Sluijs, F.H., Havekes, L.M.,
Romijn, J.A., Verkade, H.J., Kuipers, F., 2002. Stimulation of lipogenesis by pharmacological activation
of the liver X receptor leads to production of large, triglyceride-rich very low density lipoprotein
particles. J. Biol. Chem. 277 (37), 34182-34190.

Grundberg, E., Lau, E.M., Pastinen, T., Kindmark, A., Nilsson, O., Ljunggren, O., Mellstrom, D., Orwoll, E., Redlund-
Johnell, I., Holmberg, A., Gurd, S., Leung, P.C., Kwok, T., Ohlsson, C., Mallmin, H., Brandstrom, H.,
2007. Vitamin D Receptor 3' Haplotypes are Unequally Expressed in Primary Human Bone Cells and
Associated with Increased Fracture Risk: the MrOS Study in Sweden and Hong Kong. J. Bone Miner.
Res.

Gu, Z., Steinmetz, L.M., Gu, X., Scharfe, C., Davis, R.W., Li, W.H., 2003. Role of duplicate genes in genetic
robustness against null mutations. Nature 421 (6918), 63-66.



REFERENCES| 145

Gueorguieva, R., Krystal, J.H., 2004. Move over ANOVA: progress in analyzing repeated-measures data and its
reflection in papers published in the Archives of General Psychiatry. Arch. Gen. Psychiatry 61 (3), 310-
317.

Gurney, M.E., Pu, H., Chiu, A.Y., Dal Canto, M.C., Polchow, C.Y., Alexander, D.D., Caliendo, J., Hentati, A., Kwon,
Y.W., Deng, H.X., ., 1994. Motor neuron degeneration in mice that express a human Cu,Zn superoxide
dismutase mutation. Science 264 (5166), 1772-1775.

Haddy, N., De Bacquer, D., Chemaly, M.M., Maurice, M., Ehnholm, C., Evans, A., Sans, S., Do Carmo, M.M., De
Backer, G., Siest, G., Visvikis, S., 2002. The importance of plasma apolipoprotein E concentration in
addition to its common polymorphism on inter-individual variation in lipid levels: results from Apo
Europe. Eur. J. Hum. Genet. 10 (12), 841-850.

Hallows, W.C,, Lee, S., Denu, J.M., 2006. Sirtuins deacetylate and activate mammalian acetyl-CoA synthetases.
Proc. Natl. Acad. Sci. U. S. A 103 (27), 10230-10235.

Hamsten A, Silveira A, Boquist S, Tang R, Bond MG, de Faire U, Bjorkegren J. The apolipoprotein Cl content of
triglyceride-rich lipoproteins independently predicts earlyatherosclerosis in healthy middle-aged men.
J Am Coll Cardiol. 2005;45:1013-1017.

Handschin, C., Blattler, S., Roth, A., Looser, R., Oscarson, M., Kaufmann, M.R., Podvinec, M., Gnerre, C., Meyer,
U.A., 2004. The evolution of drug-activated nuclear receptors: one ancestral gene diverged into two
xenosensor genes in mammals. Nucl. Recept. 2 (1), 7-

Hansson, G.K., 2005. Inflammation, atherosclerosis, and coronary artery disease. N. Engl. J. Med. 352 (16), 1685-
1695.

Hasty, P., Campisi, J., Hoeijmakers, J., van Steeg, H., Vijg, J., 2003. Aging and genome maintenance: lessons from
the mouse? Science 299 (5611), 1355-1359.

Haukim, N., Bidwell, J.L., Smith, A.J., Keen, L.J., Gallagher, G., Kimberly, R., Huizinga, T., McDermott, M.F.,
Oksenberg, J., McNicholl, J., Pociot, F., Hardt, C., D'Alfonso, S., 2002. Cytokine gene polymorphism in
human disease: on-line databases, supplement 2. Genes Immun. 3 (6), 313-330.

He, X., Zhang, J., 2005. Rapid subfunctionalization accompanied by prolonged and substantial
neofunctionalization in duplicate gene evolution. Genetics 169 (2), 1157-1164.

Hedden, T., Gabrieli, J.D., 2004. Insights into the ageing mind: a view from cognitive neuroscience. Nat. Rev.
Neurosci. 5, 87-96.

Heijmans, B.T., Beekman, M., Houwing-Duistermaat, J.J., Cobain, M.R., Powell, J., Blauw, G.J., van der, O.F.,
Westendorp, R.G., Slagboom, P.E., 2006. Lipoprotein particle profiles mark familial and sporadic
human longevity. PLoS. Med. 3 (12), e495-

Held, J.M., White, M.P., Fisher, A.L., Gibson, B.W., Lithgow, G.J., Gill, M.S., 2006. DAF-12-dependent rescue of
dauer formation in Caenorhabditis elegans by (25S)-cholestenoic acid. Aging Cell 5 (4), 283-291.

Herskind, A.M., McGue, M., Holm, N.V., Sorensen, T.l., Harvald, B., Vaupel, J.W., 1996. The heritability of human
longevity: a population-based study of 2872 Danish twin pairs born 1870-1900. Hum. Genet. 97 (3),
319-323.

Herz, J., Beffert, U., 2000. Apolipoprotein E receptors: linking brain development and Alzheimer's disease. Nat.
Rev. Neurosci. 1 (1), 51-58.

Hiroi, S., Harada, H., Nishi, H., Satoh, M., Nagai, R., Kimura, A., 1999. Polymorphisms in the SOD2 and HLA-DRB1
genes are associated with nonfamilial idiopathic dilated cardiomyopathy in Japanese. Biochem.
Biophys. Res. Commun. 261 (2), 332-339.

Hjelmborg, J.V., lachine, I., Skytthe, A., Vaupel, J.W., McGue, M., Koskenvuo, M., Kaprio, J., Pedersen, N.L.,
Christensen, K., 2006. Genetic influence on human lifespan and longevity. Hum. Genet. 119 (3), 312-
321.

Hoeijmakers, J.H., 2001. DNA repair mechanisms. Maturitas 38 (1), 17-22.

Holtzman, D.M., Fagan, A.M., Mackey, B., Tenkova, T., Sartorius, L., Paul, S.M., Bales, K., Ashe, K.H., Irizarry, M.C.,
Hyman, B.T., 2000. Apolipoprotein E facilitates neuritic and cerebrovascular plague formation in an
Alzheimer's disease model. Ann. Neurol. 47 (6), 739-747.

Holzenberger, M., Dupont, J., Ducos, B., Leneuve, P., Geloen, A., Even, P.C., Cervera, P., Le Boug, Y., 2003. IGF-1
receptor regulates lifespan and resistance to oxidative stress in mice. Nature 421 (6919), 182-187.

Hosaka, T., Biggs, W.H., lll, Tieu, D., Boyer, A.D., Varki, N.M., Cavenee, W.K., Arden, K.C., 2004. Disruption of
forkhead transcription factor (FOXO) family members in mice reveals their functional diversification.
Proc. Natl. Acad. Sci. U. S. A 101 (9), 2975-2980.



146 | REFERENCES

Houx, P.J., Shepherd, J., Blauw, G.J., Murphy, M.B., Ford, |., Bollen, E.L., Buckley, B., Stott, D.J., Jukema, W.,
Hyland, M., Gaw, A., Norrie, J., Kamper, A.M., Perry, |.J., MacFarlane, P.W., Meinders, A.E., Sweeney,
B.J., Packard, C.J., Twomey, C., Cobbe, S.M., Westendorp, R.G., 2002. Testing cognitive function in
elderly populations: the PROSPER study. PROspective Study of Pravastatin in the Elderly at Risk. J.
Neurol. Neurosurg. Psychiatry 73 (4), 385-389.

Hsieh, C.C., DeFord, J.H., Flurkey, K., Harrison, D.E., Papaconstantinou, J., 2002. Implications for the insulin
signaling pathway in Snell dwarf mouse longevity: a similarity with the C. elegans longevity paradigm.
Mech. Ageing Dev. 123 (9), 1229-1244.

Hsin, H., Kenyon, C., 1999. Signals from the reproductive system regulate the lifespan of C. elegans. Nature 399
(6734), 362-366.

Hu, D., Cao, P., Thiels, E., Chu, C.T., Wu, G.Y., Oury, T.D., Klann, E., 2006a. Hippocampal long-term potentiation,
memory, and longevity in mice that overexpress mitochondrial superoxide dismutase. Neurobiol.
Learn. Mem.

Hu, D., Serrano, F., Oury, T.D., Klann, E., 2006b. Aging-dependent alterations in synaptic plasticity and memory in
mice that overexpress extracellular superoxide dismutase. J. Neurosci. 26 (15), 3933-3941.

Hustert, E., Zibat, A., Presecan-Siedel, E., Eiselt, R., Mueller, R., Fuss, C., Brehm, I., Brinkmann, U., Eichelbaum, M.,
Wojnowski, L., Burk, O., 2001. Natural protein variants of pregnane X receptor with altered
transactivation activity toward CYP3A4. Drug Metab Dispos. 29 (11), 1454-1459.

Hutchinson, P.E., Osborne, J.E., Lear, J.T., Smith, A.G., Bowers, P.W., Morris, P.N., Jones, P.W., York, C., Strange,
R.C., Fryer, A.A., 2000. Vitamin D receptor polymorphisms are associated with altered prognosis in
patients with malignant melanoma. Clin. Cancer Res. 6 (2), 498-504.

Jaarsma, D., Haasdijk, E.D., Grashorn, J.A., Hawkins, R., van Duijn, W., Verspaget, H.W., London, J., Holstege, J.C.,
2000. Human Cu/Zn superoxide dismutase (SOD1) overexpression in mice causes mitochondrial
vacuolization, axonal degeneration, and premature motoneuron death and accelerates motoneuron
disease in mice expressing a familial amyotrophic lateral sclerosis mutant SOD1. Neurobiol. Dis. 7 (6 Pt
B), 623-643.

Jamil, H., Chu, C.H., Dickson, J.K., Jr., Chen, Y., Yan, M., Biller, S.A., Gregg, R.E., Wetterau, J.R., Gordon, D.A., 1998.
Evidence that microsomal triglyceride transfer protein is limiting in the production of apolipoprotein
B-containing lipoproteins in hepatic cells. J. Lipid Res. 39 (7), 1448-1454.

Janowski, B.A., Grogan, M.J., Jones, S.A., Wisely, G.B., Kliewer, S.A., Corey, E.J., Mangelsdorf, D.J., 1999.
Structural requirements of ligands for the oxysterol liver X receptors LXRalpha and LXRbeta. Proc.
Natl. Acad. Sci. U. S. A 96 (1), 266-271.

Jia, K., Albert, P.S., Riddle, D.L., 2002. DAF-9, a cytochrome P450 regulating C. elegans larval development and
adult longevity. Development 129 (1), 221-231.

Joseph, S.B., Bradley, M.N., Castrillo, A., Bruhn, K.W., Mak, P.A., Pei, L., Hogenesch, J., O'connell, R.M., Cheng, G.,
Saez, E., Miller, J.F., Tontonoz, P., 2004. LXR-dependent gene expression is important for macrophage
survival and the innate immune response. Cell 119 (2), 299-309.

Joseph, S.B., Castrillo, A., Laffitte, B.A., Mangelsdorf, D.J., Tontonoz, P., 2003. Reciprocal regulation of
inflammation and lipid metabolism by liver X receptors. Nat. Med. 9 (2), 213-219.

Joseph, S.B., McKilligin, E., Pei, L., Watson, M.A., Collins, A.R., Laffitte, B.A., Chen, M., Noh, G., Goodman, J.,
Hagger, G.N., Tran, J., Tippin, T.K., Wang, X., Lusis, A.J., Hsueh, W.A,, Law, R.E., Collins, J.L., Willson,
T.M., Tontonoz, P., 2002. Synthetic LXR ligand inhibits the development of atherosclerosis in mice.
Proc. Natl. Acad. Sci. U. S. A99 (11), 7604-7609.

Juul, K., Tybjaerg-Hansen, A., Marklund, S., Heegaard, N.H., Steffensen, R., Sillesen, H., Jensen, G., Nordestgaard,
B.G., 2004. Genetically reduced antioxidative protection and increased ischemic heart disease risk:
The Copenhagen City Heart Study. Circulation 109 (1), 59-65.

Kaeberlein, M., McVey, M., Guarente, L., 1999. The SIR2/3/4 complex and SIR2 alone promote longevity in
Saccharomyces cerevisiae by two different mechanisms. Genes Dev. 13 (19), 2570-2580.

Kalueff, A.V., Lou, Y.R., Laaksi, I., Tuohimaa, P., 2004. Increased anxiety in mice lacking vitamin D receptor gene.
Neuroreport 15, 1271-1274.

Kalueff, A.V., Keisala, T., Minasyan, A., Kuuslahti, M., Miettinen, S., Tuohimaa, P., 2006. Behavioural anomalies in
mice evoked by "Tokyo" disruption of the Vitamin D receptor gene. Neurosci. Res. 54, 254-260.

Kamei, Y., Kawada, T., Fukuwatari, T., Ono, T., Kato, S., Sugimoto, E., 1995. Cloning and sequencing of the gene
encoding the mouse vitamin D receptor. Gene 152, 281-282.



REFERENCES| 147

Karim, M.A., Craig, R.L., Wang, X., Hale, T.C., Elbein, S.C., 2006. Analysis of FOXO1A as a candidate gene for type 2
diabetes. Mol. Genet. Metab 88 (2), 171-177.

Keaney, M., Gems, D., 2003. No increase in lifespan in Caenorhabditis elegans upon treatment with the
superoxide dismutase mimetic EUK-8. Free Radic. Biol. Med. 34 (2), 277-282.

Kenyon, C., Chang, J., Gensch, E., Rudner, A., Tabtiang, R., 1993. A C. elegans mutant that lives twice as long as
wild type. Nature 366 (6454), 461-464.

Kesby, J.P., Burne, T.H., McGrath, J.J., Eyles, D.W., 2006. Developmental vitamin D deficiency alters MK 801-
induced hyperlocomotion in the adult rat: An animal model of schizophrenia. Biol. Psychiatry 60, 591-
596.

Kim, E., Lowenson, J.D., Clarke, S., Young, S.G., 1999. Phenotypic analysis of seizure-prone mice lacking L-
isoaspartate (D-aspartate) O-methyltransferase. J. Biol. Chem. 274 (29), 20671-20678.

Kimura, K.D., Tissenbaum, H.A,, Liu, Y., Ruvkun, G., 1997. daf-2, an insulin receptor-like gene that regulates
longevity and diapause in Caenorhabditis elegans. Science 277 (5328), 942-946.

Kinnunen, P.K., Ehnolm, C., 1976. Effect of serum and C-apoproteins from very low density lipoproteins on
human postheparin plasma hepatic lipase. FEBS Lett. 65 (3), 354-357.

Kirkwood, T.B., 1977. Evolution of ageing. Nature 270 (5635), 301-304.

Kitamura, T., Kahn, C.R., Accili, D., 2003. Insulin receptor knockout mice. Annu. Rev. Physiol 65 313-332.

Klass, M., Hirsh, D., 1976. Non-ageing developmental variant of Caenorhabditis elegans. Nature 260 (5551), 523-
525.

Klein, M., Ponds, R.W., Houx, P.J., Jolles, J., 1997. Effect of test duration on age-related differences in Stroop
interference. J. Clin. Exp. Neuropsychol. 19, 77-82.

Kojima, T., Kamei, H., Aizu, T., Arai, Y., Takayama, M., Nakazawa, S., Ebihara, Y., Inagaki, H., Masui, Y., Gondo, Y.,
Sakaki, Y., Hirose, N., 2004. Association analysis between longevity in the Japanese population and
polymorphic variants of genes involved in insulin and insulin-like growth factor 1 signaling pathways.
Exp. Gerontol. 39 (11-12), 1595-1598.

Korpelainen, H., 2000. Fitness, reproduction and longevity among European aristocratic and rural Finnish families
in the 1700s and 1800s. Proc. Biol. Sci. 267 (1454), 1765-1770.

Koyano, S., Kurose, K., Ozawa, K., Saeki, M., Nakajima, Y., Hasegawa, R., Komamura, K., Ueno, K., Kamakura, S.,
Nakajima, T., Saito, H., Kimura, H., Goto, Y., Saitoh, O., Katoh, M., Ohnuma, T., Kawai, M., Sugai, K.,
Ohtsuki, T., Suzuki, C., Minami, N., Saito, Y., Sawada, J., 2002. Eleven novel single nucleatide
polymorphisms in the NR112 (PXR) gene, four of which induce non-synonymous amino acid alteratios.
Drug Metab Pharmacokin 17 (6), 561-

Kronzon, I., Tunick, P.A., 2006. Aortic atherosclerotic disease and stroke. Circulation 114 (1), 63-75.

Kuipers, F., Claudel, T., Sturm, E., Staels, B., 2004. The Farnesoid X Receptor (FXR) as Modulator of Bile Acid
Metabolism. Rev. Endocr. Metab Disord. 5 (4), 319-326.

Kuningas, M., Magi, R., Westendorp, R.G., Slagboom, P.E., Remm, M., van Heemst, D., 2007. Haplotypes in the
human Foxola and Foxo3a genes; impact on disease and mortality at old age. Eur. J. Hum. Genet.

Kuningas, M., Slagboom, P.E., Westendorp, R.G., van Heemst, D., 2006. Impact of genetic variations in the WRN
gene on age related pathologies and mortality. Mech. Ageing Dev. 127 (3), 307-313.

Kuro-o M, Matsumura, Y., Aizawa, H., Kawaguchi, H., Suga, T., Utsugi, T., Ohyama, Y., Kurabayashi, M., Kaname,
T., Kume, E., lwasaki, H., lida, A., Shiraki-lida, T., Nishikawa, S., Nagai, R., Nabeshima, Y.I., 1997.
Mutation of the mouse klotho gene leads to a syndrome resembling ageing. Nature 390 (6655), 45-51.

Kurosu, H., Yamamoto, M., Clark, J.D., Pastor, J.V., Nandi, A., Gurnani, P., McGuinness, O.P., Chikuda, H.,
Yamaguchi, M., Kawaguchi, H., Shimomura, I., Takayama, Y., Herz, J., Kahn, C.R., Rosenblatt, K.P.,
Kuro-o M, 2005. Suppression of aging in mice by the hormone Klotho. Science 309 (5742), 1829-1833.

Lada, A.T., Rudel, L.L., 2004. Associations of low density lipoprotein particle composition with atherogenicity.
Curr. Opin. Lipidol. 15 (1), 19-24.

Lakowski, B., Hekimi, S., 1996. Determination of life-span in Caenorhabditis elegans by four clock genes. Science
272 (5264), 1010-1013.

Landis, M.S., Patel, H.V., Capone, J.P., 2002. Oxysterol activators of liver X receptor and 9-cis-retinoic acid
promote sequential steps in the synthesis and secretion of tumor necrosis factor-alpha from human
monocytes. J. Biol. Chem. 277 (7), 4713-4721.



148 | REFERENCES

Langmann, T., Moehle, C., Mauerer, R., Scharl, M., Liebisch, G., Zahn, A., Stremmel, W., Schmitz, G., 2004. Loss of
detoxification in inflammatory bowel disease: dysregulation of pregnane X receptor target genes.
Gastroenterology 127 (1), 26-40.

Langub, M.C., Herman, J.P., Malluche, H.H., Koszewski, N.J., 2001. Evidence of functional vitamin D receptors in
rat hippocampus. Neuroscience 104, 49-56.

Lansdowne, A.T., Provost, S.C., 1998. Vitamin D3 enhances mood in healthy subjects during winter.
Psychopharmacology (Berl) 135, 319-323.

Larkin, L., Khachigian, L.M., Jessup, W., 2000. Regulation of apolipoprotein E production in macrophages
(review). Int. J. Mol. Med. 6 (3), 253-258.

Larsen, P.L., Albert, P.S., Riddle, D.L., 1995. Genes that regulate both development and longevity in
Caenorhabditis elegans. Genetics 139 (4), 1567-1583.

Laudet, V., 1997. Evolution of the nuclear receptor superfamily: early diversification from an ancestral orphan
receptor. J. Mol. Endocrinol. 19 (3), 207-226.

Lehmann, J.M., McKee, D.D., Watson, M.A., Willson, T.M., Moore, J.T., Kliewer, S.A., 1998. The human orphan
nuclear receptor PXR is activated by compounds that regulate CYP3A4 gene expression and cause
drug interactions. J. Clin. Invest 102 (5), 1016-1023.

Leibiger, 1.B., Berggren, P.O., 2006. Sirt1: a metabolic master switch that modulates lifespan. Nat. Med. 12 (1),
34-36.

Lenski, R.E., Ofria, C., Pennock, R.T., Adami, C., 2003. The evolutionary origin of complex features. Nature 423
(6936), 139-144.

Levin, E.D., Christopher, N.C., Crapo, J.D., 2005a. Memory decline of aging reduced by extracellular superoxide
dismutase overexpression. Behav. Genet. 35 (4), 447-453.

Levin, N., Bischoff, E.D., Daige, C.L., Thomas, D., Vu, C.T., Heyman, R.A., Tangirala, R.K., Schulman, I.G., 2005b.
Macrophage liver X receptor is required for antiatherogenic activity of LXR agonists. Arterioscler.
Thromb. Vasc. Biol. 25 (1), 135-142.

Levine, M., Tjian, R., 2003. Transcription regulation and animal diversity. Nature 424 (6945), 147-151.

Li, Y., Huang, T.T., Carlson, E.J., Melov, S., Ursell, P.C., Olson, J.L., Noble, L.J., Yoshimura, M.P., Berger, C., Chan,
P.H., Wallace, D.C., Epstein, C.J., 1995. Dilated cardiomyopathy and neonatal lethality in mutant mice
lacking manganese superoxide dismutase. Nat. Genet. 11 (4), 376-381.

Liang, H., Masoro, E.J., Nelson, J.F., Strong, R., McMahan, C.A., Richardson, A., 2003. Genetic mouse models of
extended lifespan. Exp. Gerontol. 38 (11-12), 1353-1364.

Libby, P., Ridker, P.M., Maseri, A., 2002. Inflammation and atherosclerosis. Circulation 105 (9), 1135-1143.

Lin, K., Dorman, J.B., Rodan, A., Kenyon, C., 1997. daf-16: An HNF-3/forkhead family member that can function to
double the life-span of Caenorhabditis elegans. Science 278 (5341), 1319-1322.

Lin, R., White, J.H., 2004. The pleiotropic actions of vitamin D. Bioessays 26 (1), 21-28.

Lin, Y.J., Seroude, L., Benzer, S., 1998. Extended life-span and stress resistance in the Drosophila mutant
methuselah. Science 282 (5390), 943-946.

Linton, M.F., Atkinson, J.B., Fazio, S., 1995. Prevention of atherosclerosis in apolipoprotein E-deficient mice by
bone marrow transplantation. Science 267 (5200), 1034-1037.

Liu, G., Zhou, W., Park, S., Wang, L.l., Miller, D.P., Wain, J.C., Lynch, T.J., Su, L., Christiani, D.C., 2004. The SOD2
Val/Val genotype enhances the risk of nonsmall cell lung carcinoma by p53 and XRCC1
polymorphisms. Cancer 101 (12), 2802-2808.

Long, M., 2001. Evolution of novel genes. Curr. Opin. Genet. Dev. 11 (6), 673-680.

Lowenson, J.D., Kim, E., Young, S.G., Clarke, S., 2001. Limited accumulation of damaged proteins in l-isoaspartyl
(D-aspartyl) O-methyltransferase-deficient mice. J. Biol. Chem. 276 (23), 20695-20702.

Lu, T.T., Makishima, M., Repa, J.J., Schoonjans, K., Kerr, T.A., Auwerx, J., Mangelsdorf, D.J., 2000. Molecular basis
for feedback regulation of bile acid synthesis by nuclear receptors. Mol. Cell 6 (3), 507-515.

Lu, T.T., Repa, J.J., Mangelsdorf, D.J., 2001. Orphan nuclear receptors as eLiXiRs and FiXeRs of sterol metabolism.
J. Biol. Chem. 276 (41), 37735-37738.

Ludewig, A.H., Kober-Eisermann, C., Weitzel, C., Bethke, A., Neubert, K., Gerisch, B., Hutter, H., Antebi, A., 2004.
A novel nuclear receptor/coregulator complex controls C. elegans lipid metabolism, larval
development and aging. Genes Dev.



REFERENCES| 149

Lund-Katz, S., Wehrli, S., Zaiou, M., Newhouse, Y., Weisgraber, K.H., Phillips, M.C., 2001. Effects of polymorphism
on the microenvironment of the LDL receptor-binding region of human apoE. J. Lipid Res. 42 (6), 894-
901.

Lynch, M., Katju, V., 2004. The altered evolutionary trajectories of gene duplicates. Trends Genet. 20 (11), 544-
549.

Ma, J., Liao, X.L., Lou, B., Wu, M.P., 2004a. Role of apolipoprotein A-l in protecting against endotoxin toxicity.
Acta Biochim. Biophys. Sin. (Shanghai) 36 (6), 419-424.

Ma, J., Liao, X.L., Lou, B., Wu, M.P., 2004b. Role of apolipoprotein A-l in protecting against endotoxin toxicity.
Acta Biochim. Biophys. Sin. (Shanghai) 36 (6), 419-424.

Maglich, J.M., Stoltz, C.M., Goodwin, B., Hawkins-Brown, D., Moore, J.T., Kliewer, S.A., 2002. Nuclear pregnane x
receptor and constitutive androstane receptor regulate overlapping but distinct sets of genes involved
in xenobiotic detoxification. Mol. Pharmacol. 62 (3), 638-646.

Maglich, J.M., Watson, J., McMillen, P.J., Goodwin, B., Willson, T.M., Moore, J.T., 2004. The nuclear receptor CAR
is a regulator of thyroid hormone metabolism during caloric restriction. J. Biol. Chem. 279 (19), 19832-
19838.

Mahley, R.W., Ji, Z.S., 1999. Remnant lipoprotein metabolism: key pathways involving cell-surface heparan
sulfate proteoglycans and apolipoprotein E. J. Lipid Res. 40 (1), 1-16.

Mangelsdorf, D.J., Thummel, C., Beato, M., Herrlich, P., Schutz, G., Umesono, K., Blumberg, B., Kastner, P., Mark,
M., Chambon, P., Evans, R.M., 1995. The nuclear receptor superfamily: the second decade. Cell 83 (6),
835-839.

Margaglione, M., Seripa, D., Gravina, C., Grandone, E., Vecchione, G., Cappucci, G., Merla, G., Papa, S.,
Postiglione, A., Di Minno, G., Fazio, V.M., 1998. Prevalence of apolipoprotein E alleles in healthy
subjects and survivors of ischemic stroke: an Italian Case-Control Study. Stroke 29 (2), 399-403.

Martin, G.S., Mannino, D.M., Eaton, S., Moss, M., 2003. The epidemiology of sepsis in the United States from
1979 through 2000. N. Engl. J. Med. 348 (16), 1546-1554.

McCarron, M.O., Delong, D., Alberts, M.J., 1999. APOE genotype as a risk factor for ischemic cerebrovascular
disease: a meta-analysis. Neurology 53 (6), 1308-1311.

McElwee, J.J., Schuster, E., Blanc, E., Thomas, J.H., Gems, D., 2004. Shared transcriptional signature in C. elegans
dauer larvae and long-lived daf-2 mutants implicates detoxification system in longevity assurance. J.
Biol. Chem.

Melov, S., Ravenscroft, J., Malik, S., Gill, M.S., Walker, D.W., Clayton, P.E., Wallace, D.C., Malfroy, B., Doctrow,
S.R., Lithgow, G.J., 2000. Extension of life-span with superoxide dismutase/catalase mimetics. Science
289 (5484), 1567-1569.

Melov, S., Schneider, J.A., Day, B.J., Hinerfeld, D., Coskun, P., Mirra, S.S., Crapo, J.D., Wallace, D.C., 1998. A novel
neurological phenotype in mice lacking mitochondrial manganese superoxide dismutase. Nat. Genet.
18 (2), 159-163.

Minghetti, P.P., Norman, A.W., 1988. 1,25(0OH)2-vitamin D3 receptors: gene regulation and genetic circuitry.
FASEB J. 2 (15), 3043-3053.

Mitchell, B.D., Hsueh, W.C., King, T.M., Pollin, T.l., Sorkin, J., Agarwala, R., Schaffer, A.A., Shuldiner, A.R., 2001.
Heritability of life span in the Old Order Amish. Am. J. Med. Genet. 102 (4), 346-352.

Moller, J.T., Cluitmans, P., Rasmussen, L.S., Houx, P., Rasmussen, H., Canet, J., Rabbitt, P., Jolles, J., Larsen, K.,
Hanning, C.D., Langeron, O., Johnson, T., Lauven, P.M., Kristensen, P.A., Biedler, A., van Beem, H.,
Fraidakis, O., Silverstein, J.H., Beneken, J.E., Gravenstein, J.S., 1998. Long-term postoperative cognitive
dysfunction in the elderly ISPOCD1 study. ISPOCD investigators. International Study of Post-Operative
Cognitive Dysfunction. Lancet 351 (9106), 857-861.

Mooijaart, S.P., Berbee, J.F., van Heemst, D., Havekes, L.M., de Craen, A.J., Slagboom, P.E., Rensen, P.C.,
Westendorp, R.G., 2006. ApoE plasma levels and risk of cardiovascular mortality in old age. PLoS.
Med. 3 (6), e176-

Mooijaart, S.P., Brandt, B.W., Baldal, E.A., Pijpe, J., Kuningas, M., Beekman, M., Zwaan, B.J., Slagboom, P.E.,
Westendorp, R.G., van Heemst, D., 2005b. C. elegans DAF-12, Nuclear Hormone Receptors and human
longevity and disease at old age. Ageing Res. Rev. 4 (3), 351-371.

Mooijaart, S.P., Kuningas, M., Westendorp, R.G., Houwing-Duistermaat, J.J., Slagboom, P.E., Rensen, P.C., van,
H.D., 2007a. Liver x receptor alpha associates with human life span. J. Gerontol. A Biol. Sci. Med. Sci.
62 (4), 343-349.



150 | REFERENCES

Mooijaart, S.P., van, Vliet.P., van, Heemst.D., Rensen, P.C., Berbee, J.F., Jolles, J., de Craen, A.J., Westendorp,
R.G., 2007b. Plasma levels of apolipoprotein e and cognitive function in old age. Ann. N. Y. Acad. Sci.
1100 148-161.

Morris, J.Z., Tissenbaum, H.A., Ruvkun, G., 1996b. A phosphatidylinositol-3-OH kinase family member regulating
longevity and diapause in Caenorhabditis elegans. Nature 382 (6591), 536-539.

Morris, J.Z., Tissenbaum, H.A., Ruvkun, G., 1996a. A phosphatidylinositol-3-OH kinase family member regulating
longevity and diapause in Caenorhabditis elegans. Nature 382 (6591), 536-539.

Mostoslavsky, R., Chua, K.F., Lombard, D.B., Pang, W.W., Fischer, M.R., Gellon, L., Liu, P., Mostoslavsky, G.,
Franco, S., Murphy, M.M., Mills, K.D., Patel, P., Hsu, J.T., Hong, A.L., Ford, E., Cheng, H.L., Kennedy, C.,
Nunez, N., Bronson, R., Frendewey, D., Auerbach, W., Valenzuela, D., Karow, M., Hottiger, M.O.,
Hursting, S., Barrett, J.C., Guarente, L., Mulligan, R., Demple, B., Yancopoulos, G.D., Alt, F.W., 2006.
Genomic instability and aging-like phenotype in the absence of mammalian SIRT6. Cell 124 (2), 315-
329.

Motohashi, Y., Yamada, S., Yanagawa, T., Maruyama, T., Suzuki, R., Niino, M., Fukazawa, T., Kasuga, A., Hirose, H.,
Matsubara, K., Shimada, A., Saruta, T., 2003. Vitamin D receptor gene polymorphism affects onset
pattern of type 1 diabetes. J. Clin. Endocrinol. Metab 88 (7), 3137-3140.

Motola, D.L., Cummins, C.L., Rottiers, V., Sharma, K.K., Li, T., Li, Y., Suino-Powell, K., Xu, H.E., Auchus, R.J., Antebi,
A., Mangelsdorf, D.J., 2006. Identification of Ligands for DAF-12 that Govern Dauer Formation and
Reproduction in C. elegans. Cell

Munger, K.L., Zhang, S.M., O'Reilly, E., Hernan, M.A., Olek, M.J., Willett, W.C., Ascherio, A., 2004. Vitamin D
intake and incidence of multiple sclerosis. Neurology 62, 60-65.

Nakae, J., Biggs, W.H., Ill, Kitamura, T., Cavenee, W.K., Wright, C.V., Arden, K.C., Accili, D., 2002. Regulation of
insulin action and pancreatic beta-cell function by mutated alleles of the gene encoding forkhead
transcription factor Foxol. Nat. Genet. 32 (2), 245-253.

Nakagawa, K., Kawaura, A., Kato, S., Takeda, E., Okano, T., 2004. Metastatic growth of lung cancer cells is
extremely reduced in Vitamin D receptor knockout mice. J. Steroid Biochem. Mol. Biol. 89-90 (1-5),
545-547.

Navarro, C.L., Cau, P., Levy, N., 2006. Molecular bases of progeroid syndromes. Hum. Mol. Genet. 15 Spec No 2
R151-R161.

Navarro, I., Leibush, B., Moon, T.W., Plisetskaya, E.M., Banos, N., Mendez, E., Planas, J.V., Gutierrez, J., 1999.
Insulin, insulin-like growth factor-I (IGF-1) and glucagon: the evolution of their receptors. Comp
Biochem. Physiol B Biochem. Mol. Biol. 122 (2), 137-153.

Naveilhan, P., Neveu, I., Wion, D., Brachet, P., 1996. 1,25-Dihydroxyvitamin D3, an inducer of glial cell line-
derived neurotrophic factor. Neuroreport 7, 2171-2175.

Neale, M.C., de Knijff, P., Havekes, L.M., Boomsma, D.l., 2000. ApoE polymorphism accounts for only part of the
genetic variation in quantitative ApoE levels. Genet. Epidemiol. 18 (4), 331-340.

Netea, M.G., van der Meer, J.W., van Deuren, M., Kullberg, B.J., 2003. Proinflammatory cytokines and sepsis
syndrome: not enough, or too much of a good thing? Trends Immunol. 24 (5), 254-258.

Neuropathology Group of the Medical Research Council Cognitive Function and Ageing Study (MRC CFAS), 2001.
Pathological correlates of late-onset dementia in a multicentre, community-based population in
England and Wales.. Lancet 357 (9251), 169-175.

Neveu, ., Naveilhan, P., Baudet, C., Brachet, P., Metsis, M., 1994a. 1,25-dihydroxyvitamin D3 regulates NT-3, NT-
4 but not BDNF mRNA in astrocytes. Neuroreport 6, 124-126.

Neveu, I., Naveilhan, P., Jehan, F., Baudet, C., Wion, D., De Luca, H.F., Brachet, P., 1994b. 1,25-dihydroxyvitamin
D3 regulates the synthesis of nerve growth factor in primary cultures of glial cells. Brain Res. Mol.
Brain Res. 24, 70-76.

Newman, T.C., Dawson, P.A., Rudel, L.L., Williams, D.L., 1985. Quantitation of apolipoprotein E mRNA in the liver
and peripheral tissues of nonhuman primates. J. Biol. Chem. 260 (4), 2452-2457.

Nuclear Receptors Committee, 1999. A unified nomenclature system for the nuclear receptor superfamily. Cell
97 (2), 161-163.

O'Brien, K.D., Deeb, S.S., Ferguson, M., McDonald, T.O., Allen, M.D., Alpers, C.E., Chait, A., 1994. Apolipoprotein E
localization in human coronary atherosclerotic plaques by in situ hybridization and
immunohistochemistry and comparison with lipoprotein lipase. Am. J. Pathol. 144 (3), 538-548.



REFERENCES| 151

Ogg, S., Paradis, S., Gottlieb, S., Patterson, G.I., Lee, L., Tissenbaum, H.A., Ruvkun, G., 1997. The Fork head
transcription factor DAF-16 transduces insulin-like metabolic and longevity signals in C. elegans.
Nature 389 (6654), 994-999.

Onyango, P., Celic, I., McCaffery, J.M., Boeke, J.D., Feinberg, A.P., 2002. SIRT3, a human SIR2 homologue, is an
NAD-dependent deacetylase localized to mitochondria. Proc. Natl. Acad. Sci. U. S. A 99 (21), 13653-
13658.

Orr, W.C., Mockett, R.J., Benes, J.J., Sohal, R.S., 2003. Effects of overexpression of copper-zinc and manganese
superoxide dismutases, catalase, and thioredoxin reductase genes on longevity in Drosophila
melanogaster. J. Biol. Chem. 278 (29), 26418-26422.

Orr, W.C., Sohal, R.S., 1994. Extension of life-span by overexpression of superoxide dismutase and catalase in
Drosophila melanogaster. Science 263 (5150), 1128-1130.

Orr, W.C., Sohal, R.S., 2003. Does overexpression of Cu,Zn-SOD extend life span in Drosophila melanogaster? Exp.
Gerontol. 38 (3), 227-230.

Packard, C.J., Ford, I., Robertson, M., Shepherd, J., Blauw, G.J., Murphy, M.B., Bollen, E.L., Buckley, B.M., Cobbe,
S.M., Gaw, A,, Hyland, M., Jukema, J.W., Kamper, A.M., Macfarlane, P.W., Perry, )., Stott, D.J.,
Sweeney, B.J., Twomey, C., Westendorp, R.G., 2005. Plasma lipoproteins and apolipoproteins as
predictors of cardiovascular risk and treatment benefit in the PROspective Study of Pravastatin in the
Elderly at Risk (PROSPER). Circulation 112 (20), 3058-3065.

Palmer, M., Jakobsson, S., Akerstrom, G., Ljunghall, S., 1988. Prevalence of hypercalcaemia in a health survey: a
14-year follow-up study of serum calcium values. Eur. J. Clin. Invest 18, 39-46.

Paolisso, G., Ammendola, S., Del Buono, A., Gambardella, A., Riondino, M., Tagliamonte, M.R., Rizzo, M.R.,
Carella, C., Varricchio, M., 1997. Serum levels of insulin-like growth factor-I (IGF-1) and IGF-binding
protein-3 in healthy centenarians: relationship with plasma leptin and lipid concentrations, insulin
action, and cognitive function. J. Clin. Endocrinol. Metab 82 (7), 2204-2209.

Parkes, T.L., Elia, A.J., Dickinson, D., Hilliker, A.J., Phillips, J.P., Boulianne, G.L., 1998. Extension of Drosophila
lifespan by overexpression of human SOD1 in motorneurons. Nat. Genet. 19 (2), 171-174.

Partridge, L., Gems, D., Withers, D.J., 2005. Sex and death: what is the connection? Cell 120 (4), 461-472.

Pascussi, J.M., Busson-Le Coniat, M., Maurel, P., Vilarem, M.J., 2003a. Transcriptional analysis of the orphan
nuclear receptor constitutive androstane receptor (NR113) gene promoter: identification of a distal
glucocorticoid response element. Mol. Endocrinol. 17 (1), 42-55.

Pascussi, J.M., Gerbal-Chaloin, S., Drocourt, L., Maurel, P., Vilarem, M.J., 2003b. The expression of CYP2B6,
CYP2C9 and CYP3A4 genes: a tangle of networks of nuclear and steroid receptors. Biochim. Biophys.
Acta 1619 (3), 243-253.

Pascussi, J.M., Gerbal-Chaloin, S., Fabre, J.M., Maurel, P., Vilarem, M.J., 2000a. Dexamethasone enhances
constitutive androstane receptor expression in human hepatocytes: consequences on cytochrome
P450 gene regulation. Mol. Pharmacol. 58 (6), 1441-1450.

Pascussi, J.M., Gerbal-Chaloin, S., Pichard-Garcia, L., Daujat, M., Fabre, J.M., Maurel, P., Vilarem, M.J., 2000b.
Interleukin-6 negatively regulates the expression of pregnane X receptor and constitutively activated
receptor in primary human hepatocytes. Biochem. Biophys. Res. Commun. 274 (3), 707-713.

Peet, D.J., Turley, S.D., Ma, W., Janowski, B.A., Lobaccaro, J.M., Hammer, R.E., Mangelsdorf, D.J., 1998.
Cholesterol and bile acid metabolism are impaired in mice lacking the nuclear oxysterol receptor LXR
alpha. Cell 93 (5), 693-704.

Perls, T.T., Wilmoth, J., Levenson, R., Drinkwater, M., Cohen, M., Bogan, H., Joyce, E., Brewster, S., Kunkel, L.,
Puca, A., 2002. Life-long sustained mortality advantage of siblings of centenarians. Proc. Natl. Acad.
Sci. U.S. A 99 (12), 8442-8447.

Pezzini, A., Grassi, M., Del Zotto, E., Bazzoli, E., Archetti, S., Assanelli, D., Akkawi, N.M., Albertini, A., Padovani, A.,
2004. Synergistic effect of apolipoprotein E polymorphisms and cigarette smoking on risk of ischemic
stroke in young adults. Stroke 35 (2), 438-442.

Picard, F., Kurtev, M., Chung, N., Topark-Ngarm, A., Senawong, T., Machado, D.O., Leid, M., McBurney, M.W.,
Guarente, L., 2004. Sirtl promotes fat mobilization in white adipocytes by repressing PPAR-gamma.
Nature 429 (6993), 771-776.

Pim, D., Banks, L., 2004. p53 polymorphic variants at codon 72 exert different effects on cell cycle progression.
Int. J. Cancer 108 (2), 196-199.



152 | REFERENCES

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 (2), 343-353.

Przybelski, R.J., Binkley, N.C., 2007. Is vitamin D important for preserving cognition? A positive correlation of
serum 25-hydroxyvitamin D concentration with cognitive function. Arch. Biochem. Biophys. 460, 202-
205.

Puca, A.A., Daly, M.J., Brewster, S.J., Matise, T.C., Barrett, J., Shea-Drinkwater, M., Kang, S., Joyce, E., Nicoli, J.,
Benson, E., Kunkel, L.M., Perls, T., 2001. A genome-wide scan for linkage to human exceptional
longevity identifies a locus on chromosome 4. Proc. Natl. Acad. Sci. U. S. A 98 (18), 10505-10508.

Raber, J., Huang, Y., Ashford, J.W., 2004. ApoE genotype accounts for the vast majority of AD risk and AD
pathology. Neurobiol. Aging 25 (5), 641-650.

Rensen, P.C., Oosten, M., Bilt, E., Eck, M., Kuiper, J., Berkel, T.J., 1997. Human recombinant apolipoprotein E
redirects lipopolysaccharide from Kupffer cells to liver parenchymal cells in rats In vivo. J. Clin. Invest
99 (10), 2438-2445.

Repa, J.J., Berge, K.E., Pomajzl, C., Richardson, J.A., Hobbs, H., Mangelsdorf, D.J., 2002. Regulation of ATP-binding
cassette sterol transporters ABCG5 and ABCG8 by the liver X receptors alpha and beta. J. Biol. Chem.
277 (21), 18793-18800.

Repa, J.J., Mangelsdorf, D.J., 2002. The liver X receptor gene team: potential new players in atherosclerosis. Nat.
Med. 8 (11), 1243-1248.

Repa, J.J., Turley, S.D., Lobaccaro, J.A., Medina, J., Li, L., Lustig, K., Shan, B., Heyman, R.A., Dietschy, J.M.,
Mangelsdorf, D.J., 2000. Regulation of absorption and ABC1-mediated efflux of cholesterol by RXR
heterodimers. Science 289 (5484), 1524-1529.

Ridker, P.M., Cannon, C.P., Morrow, D., Rifai, N., Rose, L.M., McCabe, C.H., Pfeffer, M.A., Braunwald, E., 2005. C-
reactive protein levels and outcomes after statin therapy. N. Engl. J. Med. 352 (1), 20-28.

Rincon, M., Muzumdar, R., Atzmon, G., Barzilai, N., 2004. The paradox of the insulin/IGF-1 signaling pathway in
longevity. Mech. Ageing Dev. 125 (6), 397-403.

Robinson-Rechavi, M., Carpentier, A.S., Duffraisse, M., Laudet, V., 2001. How many nuclear hormone receptors
are there in the human genome? Trends Genet. 17 (10), 554-556.

Rogina, B., Reenan, R.A., Nilsen, S.P., Helfand, S.L., 2000. Extended life-span conferred by cotransporter gene
mutations in Drosophila. Science 290 (5499), 2137-2140.

Rose, G., Dato, S., Altomare, K., Bellizzi, D., Garasto, S., Greco, V., Passarino, G., Feraco, E., Mari, V., Barbi, C.,
Bonafe, M., Franceschi, C., Tan, Q., Boiko, S., Yashin, A.l., De Benedictis, G., 2003. Variability of the
SIRT3 gene, human silent information regulator Sir2 homologue, and survivorship in the elderly. Exp.
Gerontol. 38 (10), 1065-1070.

Rosen, D.R., Siddique, T., Patterson, D., Figlewicz, D.A., Sapp, P., Hentati, A., Donaldson, D., Goto, J., O'Regan, J.P.,
Deng, H.X., ., 1993. Mutations in Cu/Zn superoxide dismutase gene are associated with familial
amyotrophic lateral sclerosis. Nature 362 (6415), 59-62.

Rosenthal, N.E., Sack, D.A., Gillin, J.C., Lewy, A.J., Goodwin, F.K., Davenport, Y., Mueller, P.S., Newsome, D.A.,
Wehr, T.A., 1984. Seasonal affective disorder. A description of the syndrome and preliminary findings
with light therapy. Arch. Gen. Psychiatry 41, 72-80.

Rothstein, J.D., Bristol, L.A., Hosler, B., Brown, R.H., Jr., Kuncl, R.W., 1994. Chronic inhibition of superoxide
dismutase produces apoptotic death of spinal neurons. Proc. Natl. Acad. Sci. U. S. A 91 (10), 4155-
4159.

Rottiers, V., Antebi, A., 2006. Control of Caenorhabditis elegans life history by nuclear receptor signal
transduction. Exp. Gerontol. 41 (10), 904-909.

Rottiers, V., Motola, D.L., Gerisch, B., Cummins, C.L., Nishiwaki, K., Mangelsdorf, D.J., Antebi, A., 2006. Hormonal
Control of C. elegans Dauer Formation and Life Span by a Rieske-like Oxygenase. Dev. Cell 10 (4), 473-
482.

Rubin DB (1987): Multiple Imputation for Nonresponse in Surveys. John Wiley & Sons, Inc: New York.

Saito, H., Dhanasekaran, P., Baldwin, F., Weisgraber, K.H., Phillips, M.C., Lund-Katz, S., 2003. Effects of
polymorphism on the lipid interaction of human apolipoprotein E. J. Biol. Chem. 278 (42), 40723-
40729.



REFERENCES| 153

Sampayo, J.N., Olsen, A, Lithgow, G.J., 2003. Oxidative stress in Caenorhabditis elegans: protective effects of
superoxide dismutase/catalase mimetics. Aging Cell 2 (6), 319-326.

Saporito, M.S., Brown, E.R., Hartpence, K.C., Wilcox, H.M., Vaught, J.L., Carswell, S., 1994. Chronic 1,25-
dihydroxyvitamin D3-mediated induction of nerve growth factor mRNA and protein in L929 fibroblasts
and in adult rat brain. Brain Res. 633, 189-196.

Sattler, R., Tymianski, M., 2000. Molecular mechanisms of calcium-dependent excitotoxicity. J. Mol. Med. 78, 3-
13.

Scacchi, R., Gambina, G., Ruggeri, M., Martini, M.C., Ferrari, G., Silvestri, M., Schiavon, R., Corbo, R.M., 1999.
Plasma levels of apolipoprotein E and genetic markers in elderly patients with Alzheimer's disease.
Neurosci. Lett. 259 (1), 33-36.

Schaefer, E.J., 2002. Lipoproteins, nutrition, and heart disease. Am. J. Clin. Nutr. 75 (2), 191-212.

Schaefer, E.J., Gregg, R.E., Ghiselli, G., Forte, T.M., Ordovas, J.M., Zech, L.A., Brewer, H.B., Jr., 1986. Familial
apolipoprotein E deficiency. J. Clin. Invest 78 (5), 1206-1219.

Schlager, D., Schwartz, J.E., Bromet, E.J., 1993. Seasonal variations of current symptoms in a healthy population.
Br. J. Psychiatry 163, 322-326.

Schoenmaker, M., de Craen, A.J., de Meijer, P.H., Beekman, M., Blauw, G.J., Slagboom, P.E., Westendorp, R.G.,
2006. Evidence of genetic enrichment for exceptional survival using a family approach: the Leiden
Longevity Study. Eur. J. Hum. Genet. 14 (1), 79-84.

Schriner, S.E., Linford, N.J., Martin, G.M., Treuting, P., Ogburn, C.E., Emond, M., Coskun, P.E., Ladiges, W., Wolf,
N., Van Remmen, H., Wallace, D.C., Rabinovitch, P.S., 2005. Extension of murine life span by
overexpression of catalase targeted to mitochondria. Science 308 (5730), 1909-1911.

Schumacher, B., Hofmann, K., Boulton, S., Gartner, A., 2001. The C. elegans homolog of the p53 tumor
suppressor is required for DNA damage-induced apoptosis. Curr. Biol. 11 (21), 1722-1727.

Schwer, B., Bunkenborg, J., Verdin, R.O., Andersen, J.S., Verdin, E., 2006. Reversible lysine acetylation controls
the activity of the mitochondrial enzyme acetyl-CoA synthetase 2. Proc. Natl. Acad. Sci. U. S. A 103
(27), 10224-10229.

Sgro, C.M., Partridge, L., 1999. A delayed wave of death from reproduction in Drosophila. Science 286 (5449),
2521-2524.

Shachter, N.S., Rabinowitz, D., Stohl, S., Conde-Knape, K., Cohn, J.S., Deckelbaum, R.J., Berglund, L., Shea, S.,
2005. The common insertional polymorphism in the APOC1 promoter is associated with serum
apolipoprotein C-I levels in Hispanic children. Atherosclerosis 179 (2), 387-393.

Shah, G.N., Mooradian, A.D., 1997. Age-related changes in the blood-brain barrier. Exp. Gerontol. 32 (4-5), 501-
519.

Shepherd, J., Blauw, G.J., Murphy, M.B., Bollen, E.L., Buckley, B.M., Cobbe, S.M., Ford, I., Gaw, A., Hyland, M.,
Jukema, J.W., Kamper, A.M., Macfarlane, P.W., Meinders, A.E., Norrie, J., Packard, C.J., Perry, ).,
Stott, D.J., Sweeney, B.J., Twomey, C., Westendorp, R.G., 2002. Pravastatin in elderly individuals at
risk of vascular disease (PROSPER): a randomised controlled trial. Lancet 360 (9346), 1623-1630.

Shi, Y., Downes, M., Xie, W., Kao, H.Y., Ordentlich, P., Tsai, C.C., Hon, M., Evans, R.M., 2001. Sharp, an inducible
cofactor that integrates nuclear receptor repression and activation. Genes Dev. 15 (9), 1140-1151.

Shimano, H., Yamada, N., Katsuki, M., Shimada, M., Gotoda, T., Harada, K., Murase, T., Fukazawa, C., Takaku, F.,
Yazaki, Y., 1992. Overexpression of apolipoprotein E in transgenic mice: marked reduction in plasma
lipoproteins except high density lipoprotein and resistance against diet-induced
hypercholesterolemia. Proc. Natl. Acad. Sci. U. S. A 89 (5), 1750-1754.

Shostak, Y., Van Gilst, M.R., Antebi, A., Yamamoto, K.R., 2004. Identification of C. elegans DAF-12-binding sites,
response elements, and target genes. Genes Dev. 18 (20), 2529-2544.

Siest, G., Bertrand, P., Qin, B., Herbeth, B., Serot, J.M., Masana, L., Ribalta, J., Passmore, A.P., Evans, A., Ferrari,
M., Franceschi, M., Shepherd, J., Cuchel, M., Beisiegel, U., Zuchowsky, K., Rukavina, A.S., Sertic, J.,
Stojanov, M., Kostic, V., Mitrevski, A., Petrova, V., Sass, C., Merched, A., Salonen, J.T., Tiret, L., Visvikis,
S., 2000. Apolipoprotein E polymorphism and serum concentration in Alzheimer's disease in nine
European centres: the ApoEurope study. ApoEurope group. Clin. Chem. Lab Med. 38 (8), 721-730.



154 | REFERENCES

Siest, G., Pillot, T., Regis-Bailly, A., Leininger-Muller, B., Steinmetz, J., Galteau, M.M., Visvikis, S., 1995.
Apolipoprotein E: an important gene and protein to follow in laboratory medicine. Clin. Chem. 41 (8 Pt
1), 1068-1086.

Sinal, C.J., Tohkin, M., Miyata, M., Ward, J.M., Lambert, G., Gonzalez, F.J., 2000. Targeted disruption of the
nuclear receptor FXR/BAR impairs bile acid and lipid homeostasis. Cell 102 (6), 731-744.

Sirvent, A., Claudel, T., Martin, G., Brozek, J., Kosykh, V., Darteil, R., Hum, D.W., Fruchart, J.C., Staels, B., 2004a.
The farnesoid X receptor induces very low density lipoprotein receptor gene expression. FEBS Lett.
566 (1-3), 173-177.

Sirvent, A., Verhoeven, A.J., Jansen, H., Kosykh, V., Darteil, R.J., Hum, D.W., Fruchart, J.C., Staels, B., 2004b.
Farnesoid X receptor represses hepatic lipase gene expression. J. Lipid Res. 45 (11), 2110-2115.

Skoog, I., Wallin, A., Fredman, P., Hesse, C., Aevarsson, O., Karlsson, I., Gottfries, C.G., Blennow, K., 1998. A
population study on blood-brain barrier function in 85-year-olds: relation to Alzheimer's disease and
vascular dementia. Neurology 50 (4), 966-971.

Slooter, A.J., de Knijff, P., Hofman, A., Cruts, M., Breteler, M.M., Van Broeckhoven, C., Havekes, L.M., van Duijn,
C.M., 1998. Serum apolipoprotein E level is not increased in Alzheimer's disease: the Rotterdam study.
Neurosci. Lett. 248 (1), 21-24.

Sluder, A.E., Mathews, S.W., Hough, D., Yin, V.P., Maina, C.V., 1999. The nuclear receptor superfamily has
undergone extensive proliferation and diversification in nematodes. Genome Res. 9 (2), 103-120.

Smit, M., de Knijff, P., Rosseneu, M., Bury, J., Klasen, E., Frants, R., Havekes, L., 1988. Apolipoprotein E
polymorphism in The Netherlands and its effect on plasma lipid and apolipoprotein levels. Hum.
Genet. 80 (3), 287-292.

Sohal, R.S., Agarwal, A., Agarwal, S., Orr, W.C., 1995. Simultaneous overexpression of copper- and zinc-containing
superoxide dismutase and catalase retards age-related oxidative damage and increases metabolic
potential in Drosophila melanogaster. J. Biol. Chem. 270 (26), 15671-15674.

Soutar, A.K., Garner, C.W., Baker, H.N., Sparrow, J.T., Jackson, R.L., Gotto, A.M., Smith, L.C., 1975. Effect of the
human plasma apolipoproteins and phosphatidylcholine acyl donor on the activity of lecithin:
cholesterol acyltransferase. Biochemistry 14 (14), 3057-3064.

Soyer, O.S., Bonhoeffer, S., 2006. Evolution of complexity in signaling pathways. Proc. Natl. Acad. Sci. U. S. A 103
(44), 16337-16342.

Spencer, C.C., Howell, C.E., Wright, A.R., Promislow, D.E., 2003. Testing an 'aging gene' in long-lived drosophila
strains: increased longevity depends on sex and genetic background. Aging Cell 2 (2), 123-130.

Spoont, M.R., Depue, R.A., Krauss, S.S., 1991. Dimensional measurement of seasonal variation in mood and
behavior. Psychiatry Res. 39, 269-284.

Stengard, J.H., Weiss, K.M., Sing, C.F., 1998. An ecological study of association between coronary heart disease
mortality rates in men and the relative frequencies of common allelic variations in the gene coding for
apolipoprotein E. Hum. Genet. 103 (2), 234-241.

Sudlow, C., Martinez Gonzalez, N.A., Kim, J., Clark, C., 2006. Does apolipoprotein E genotype influence the risk of
ischemic stroke, intracerebral hemorrhage, or subarachnoid hemorrhage? Systematic review and
meta-analyses of 31 studies among 5961 cases and 17,965 controls. Stroke 37 (2), 364-370.

Sullivan, A., Syed, N., Gasco, M., Bergamaschi, D., Trigiante, G., Attard, M., Hiller, L., Farrell, P.J., Smith, P., Lu, X.,
Crook, T., 2004. Polymorphism in wild-type p53 modulates response to chemotherapy in vitro and in
vivo. Oncogene 23 (19), 3328-3337.

Symphorien, S., Woodruff, R.C., 2003b. Effect of DNA repair on aging of transgenic Drosophila melanogaster: I.
mei-41 locus. J. Gerontol. A Biol. Sci. Med. Sci. 58 (9), B782-B787.

Symphorien, S., Woodruff, R.C., 2003a. Effect of DNA repair on aging of transgenic Drosophila melanogaster: I.
mei-41 locus. J. Gerontol. A Biol. Sci. Med. Sci. 58 (9), B782-B787.

Taddei, K., Clarnette, R., Gandy, S.E., Martins, R.N., 1997. Increased plasma apolipoprotein E (apoE) levels in
Alzheimer's disease. Neurosci. Lett. 223 (1), 29-32.

Tangirala, R.K., Bischoff, E.D., Joseph, S.B., Wagner, B.L., Walczak, R., Laffitte, B.A., Daige, C.L., Thomas, D.,
Heyman, R.A., Mangelsdorf, D.J., Wang, X., Lusis, A.J., Tontonoz, P., Schulman, I.G., 2002.
Identification of macrophage liver X receptors as inhibitors of atherosclerosis. Proc. Natl. Acad. Sci. U.
S.A99(18), 11896-11901.

Tatar, M., Bartke, A., Antebi, A., 2003. The endocrine regulation of aging by insulin-like signals. Science 299
(5611), 1346-1351.



REFERENCES| 155

Tatar, M., Kopelman, A., Epstein, D., Tu, M.P., Yin, C.M., Garofalo, R.S., 2001. A mutant Drosophila insulin
receptor homolog that extends life-span and impairs neuroendocrine function. Science 292 (5514),
107-110.

Taufer, M., Peres, A., de Andrade, V.M., de Oliveira, G., Sa, G., do Canto, M.E., dos Santos, A.R., Bauer, M.E., da
Crugz, I.B., 2005. Is the Val16Ala manganese superoxide dismutase polymorphism associated with the
aging process? J. Gerontol. A Biol. Sci. Med. Sci. 60 (4), 432-438.

Taylor, S.I., Marcus-Samuels, B., Ryan-Young, J., Leventhal, S., Elders, M.J., 1986. Genetics of the insulin receptor
defect in a patient with extreme insulin resistance. J. Clin. Endocrinol. Metab 62 (6), 1130-1135.

Thibault, O., Hadley, R., Landfield, P.W., 2001. Elevated postsynaptic [Ca2+]i and L-type calcium channel activity
in aged hippocampal neurons: relationship to impaired synaptic plasticity. J. Neurosci. 21, 9744-9756.

Thorngate, F.E., Rudel, L.L., Walzem, R.L., Williams, D.L., 2000. Low levels of extrahepatic nonmacrophage ApoE
inhibit atherosclerosis without correcting hypercholesterolemia in ApoE-deficient mice. Arterioscler.
Thromb. Vasc. Biol. 20 (8), 1939-1945.

Tissenbaum, H.A., Guarente, L., 2001. Increased dosage of a sir-2 gene extends lifespan in Caenorhabditis
elegans. Nature 410 (6825), 227-230.

Tsukamoto, K., Tangirala, R.K., Chun, S., Usher, D., Pure, E., Rader, D.J., 2000. Hepatic expression of
apolipoprotein E inhibits progression of atherosclerosis without reducing cholesterol levels in LDL
receptor-deficient mice. Mol. Ther. 1 (2), 189-194.

Tu, M.P., Epstein, D., Tatar, M., 2002. The demography of slow aging in male and female Drosophila mutant for
the insulin-receptor substrate homologue chico. Aging Cell 1 (1), 75-80.

Tuomisto, K., Jousilahti, P., Sundvall, J., Pajunen, P., Salomaa, V., 2006. C-reactive protein, interleukin-6 and
tumor necrosis factor alpha as predictors of incident coronary and cardiovascular events and total
mortality. A population-based, prospective study. Thromb. Haemost. 95 (3), 511-518.

Tuppo, E.E., Arias, H.R., 2005. The role of inflammation in Alzheimer's disease. Int. J. Biochem. Cell Biol. 37 (2),
289-305.

Twickler, T.B., Dallinga-Thie, G.M., Cohn, J.S., Chapman, M.J., 2004. Elevated remnant-like particle cholesterol
concentration: a characteristic feature of the atherogenic lipoprotein phenotype. Circulation 109 (16),
1918-1925.

Tyner, S.D., Venkatachalam, S., Choi, J., Jones, S., Ghebranious, N., Igelmann, H., Lu, X., Soron, G., Cooper, B.,
Brayton, C., Hee, P.S., Thompson, Uitterlinden, A.G., Fang, Y., van Meurs, J.B., Pols, H.A., van Leeuwen,
J.P., 2004a. Genetics and biology of vitamin D receptor polymorphisms. Gene 338, 143-156.

T., Karsenty, G., Bradley, A., Donehower, L.A., 2002. p53 mutant mice that display early ageing-associated
phenotypes. Nature 415 (6867), 45-53.

Uitterlinden, A.G., Fang, Y., Van Meurs, J.B., Pols, H.A., Van Leeuwen, J.P., 2004. Genetics and biology of vitamin
D receptor polymorphisms. Gene 338 (2), 143-156.

Uitterlinden, A.G., Fang, Y., van Meurs, J.B., van Leeuwen, H., Pols, H.A., 2004b. Vitamin D receptor gene
polymorphisms in relation to Vitamin D related disease states. J. Steroid Biochem. Mol. Biol. 89-90,
187-193.

Uno, Y., Sakamoto, Y., Yoshida, K., Hasegawa, T., Hasegawa, Y., Koshino, T., Inoue, I., 2003. Characterization of six
base pair deletion in the putative HNF1-binding site of human PXR promoter. J. Hum. Genet. 48 (11),
594-597.

Utermann, G., Pruin, N., Steinmetz, A., 1979. Polymorphism of apolipoprotein E. Ill. Effect of a single polymorphic
gene locus on plasma lipid levels in man. Clin. Genet. 15 (1), 63-72.

van Boxtel, M.P., Menheere, P.P., Bekers, O., Hogervorst, E., Jolles, J., 2004. Thyroid function, depressed mood,
and cognitive performance in older individuals: the Maastricht Aging Study.
Psychoneuroendocrinology 29 (7), 891-898.

van den Biggelaar, A.H., de Craen, A.J., Gussekloo, J., Huizinga, T.W., Heijmans, B.T., Frolich, M., Kirkwood, T.B.,
Westendorp, R.G., 2004a. Inflammation underlying cardiovascular mortality is a late consequence of
evolutionary programming. FASEB J. 18 (9), 1022-1024.

van den Biggelaar, A.H., Huizinga, T.W., de Craen, A.J., Gussekloo, J., Heijmans, B.T., Frolich, M., Westendorp,
R.G., 2004b. Impaired innate immunity predicts frailty in old age. The Leiden 85-plus study. Exp.
Gerontol. 39 (9), 1407-1414.



156 | REFERENCES

van den Elzen, P., Garg, S., Leon, L., Brigl, M., Leadbetter, E.A., Gumperz, J.E., Dascher, C.C., Cheng, T.Y., Sacks,
F.M., lllarionov, P.A., Besra, G.S., Kent, S.C., Moody, D.B., Brenner, M.B., 2005. Apolipoprotein-
mediated pathways of lipid antigen presentation. Nature 437 (7060), 906-910.

van der Linden, M.W., Huizinga, T.W., Stoeken, D.J., Sturk, A., Westendorp, R.G., 1998. Determination of tumour
necrosis factor-alpha and interleukin-10 production in a whole blood stimulation system: assessment
of laboratory error and individual variation. J. Immunol. Methods 218 (1-2), 63-71.

Van der Poll, T., Braxton, C.C., Coyle, S.M., Boermeester, M.A., Wang, J.C., Jansen, P.M., Montegut, W.J., Calvano,
S.E., Hack, C.E., Lowry, S.F., 1995. Effect of hypertriglyceridemia on endotoxin responsiveness in
humans. Infect. Immun. 63 (9), 3396-3400.

Van der, E.W., van Boxtel, M.P., van Breukelen, G.J., Jolles, J., 2005. Rey's verbal learning test: normative data for
1855 healthy participants aged 24-81 years and the influence of age, sex, education, and mode of
presentation. J. Int. Neuropsychol. Soc. 11 (3), 290-302.

van Heemst, D., Beekman, M., Mooijaart, S.P., Heijmans, B.T., Brandt, B.W., Zwaan, B.J., Slagboom, P.E.,
Westendorp, R.G., 2005. Reduced insulin/IGF-1 signalling and human longevity. Aging Cell 4 (2), 79-85.

van Heemst, D., Mooijaart, S.P., Beekman, M., Schreuder, J., de Craen, A.J., Brandt, B.W., Slagboom, P.E.,
Westendorp, R.G., 2005d. Variation in the human TP53 gene affects old age survival and cancer
mortality. Exp. Gerontol. 40 (1-2), 11-15.

Van Landeghem, G.F., Tabatabaie, P., Beckman, G., Beckman, L., Andersen, P.M., 1999. Manganese-containing
superoxide dismutase signal sequence polymorphism associated with sporadic motor neuron disease.
Eur. J. Neurol. 6 (6), 639-644.

van Leeuwen, H.J., van Beek, A.P., Dallinga-Thie, G.M., Van Strijp, J.A., Verhoef, J., Van Kessel, K.P., 2001. The role
of high density lipoprotein in sepsis. Neth. J. Med. 59 (3), 102-110.

Van Oosten, M., Rensen, P.C., Van Amersfoort, E.S., Van Eck, M., Van Dam, A.M., Breve, J.J., Vogel, T., Panet, A.,
Van Berkel, T.J., Kuiper, J., 2001. Apolipoprotein E protects against bacterial lipopolysaccharide-
induced lethality. A new therapeutic approach to treat gram-negative sepsis. J. Biol. Chem. 276 (12),
8820-8824.

Van Remmen, H., Ikeno, Y., Hamilton, M., Pahlavani, M., Wolf, N., Thorpe, S.R., Alderson, N.L., Baynes, J.W.,
Epstein, C.J., Huang, T.T., Nelson, J., Strong, R., Richardson, A., 2003. Life-long reduction in MnSOD
activity results in increased DNA damage and higher incidence of cancer but does not accelerate
aging. Physiol Genomics 16 (1), 29-37.

van Vlijmen, B.J., van den Maagdenberg, A.M., Gijbels, M.J., van der, B.H., HogenEsch, H., Frants, R.R., Hofker,
M.H., Havekes, L.M., 1994. Diet-induced hyperlipoproteinemia and atherosclerosis in apolipoprotein
E3-Leiden transgenic mice. J. Clin. Invest 93 (4), 1403-1410.

van Vliet, P., Mooijaart, S.P., de Craen, A.J., Rensen, P.C., van, H.D., Westendorp, R.G., 2007. Plasma levels of
apolipoprotein E and risk of stroke in old age. Ann. N. Y. Acad. Sci. 1100 140-147.

Veng, L.M., Mesches, M.H., Browning, M.D., 2003. Age-related working memory impairment is correlated with
increases in the L-type calcium channel protein alphalD (Cav1.3) in area CA1l of the hippocampus and
both are ameliorated by chronic nimodipine treatment. Brain Res. Mol. Brain Res. 110, 193-202.

Vinkers, D.J., Stek, M.L., van der Mast, R.C., De Craen, A.J., Le Cessie, S., Jolles, J., Westendorp, R.G., Gussekloo, J.,
2005. Generalized atherosclerosis, cognitive decline, and depressive symptoms in old age. Neurology
65, 107-112.

Vowinkel, T., Mori, M., Krieglstein, C.F., Russell, J., Saijo, F., Bharwani, S., Turnage, R.H., Davidson, W.S., Tso, P.,
Granger, D.N., Kalogeris, T.J., 2004. Apolipoprotein A-1V inhibits experimental colitis. J. Clin. Invest 114
(2), 260-269.

Wang, H., LeCluyse, E.L., 2003. Role of orphan nuclear receptors in the regulation of drug-metabolising enzymes.
Clin. Pharmacokinet. 42 (15), 1331-1357.

Wang, X.L., McCredie, R.M., Wilcken, D.E., 1995. Polymorphisms of the apolipoprotein E gene and severity of
coronary artery disease defined by angiography. Arterioscler. Thromb. Vasc. Biol. 15 (8), 1030-1034.

Wang, Y., Chiang, Y.H., Su, T.P., Hayashi, T., Morales, M., Hoffer, B.J., Lin, S.Z., 2000. Vitamin D(3) attenuates
cortical infarction induced by middle cerebral arterial ligation in rats. Neuropharmacology 39, 873-
880.



REFERENCES| 157

Watanabe, M., Houten, S.M., Wang, L., Moschetta, A., Mangelsdorf, D.J., Heyman, R.A., Moore, D.D., Auwery, J.,
2004. Bile acids lower triglyceride levels via a pathway involving FXR, SHP, and SREBP-1c. J. Clin. Invest
113 (10), 1408-1418.

Wei, P., Zhang, J., Egan-Hafley, M., Liang, S., Moore, D.D., 2000. The nuclear receptor CAR mediates specific
xenobiotic induction of drug metabolism. Nature 407 (6806), 920-923.

Weisgraber, K.H., Rall, S.C., Jr., Mahley, R.W., 1981. Human E apoprotein heterogeneity. Cysteine-arginine
interchanges in the amino acid sequence of the apo-E isoforms. J. Biol. Chem. 256 (17), 9077-9083.

Westendorp, R.G., Kirkwood, T.B., 1998. Human longevity at the cost of reproductive success. Nature 396 (6713),
743-746.

Weverling-Rijnsburger, A.W., Blauw, G.J., Lagaay, A.M., Knook, D.L., Meinders, A.E., Westendorp, R.G., 1997.
Total cholesterol and risk of mortality in the oldest old. Lancet 350 (9085), 1119-1123.

Weverling-Rijnsburger, A.W., Jonkers, 1.J., van Exel, E., Gussekloo, J., Westendorp, R.G., 2003. High-density vs
low-density lipoprotein cholesterol as the risk factor for coronary artery disease and stroke in old age.
Arch. Intern. Med. 163 (13), 1549-1554.

Wilkins, C.H., Sheline, Y.1., Roe, C.M., Birge, S.J., Morris, J.C., 2006. Vitamin D Deficiency Is Associated With Low
Mood and Worse Cognitive Performance in Older Adults. Am. J. Geriatr. Psychiatry 14, 1032-1040.

Willy, P.J., Umesono, K., Ong, E.S., Evans, R.M., Heyman, R.A., Mangelsdorf, D.J., 1995. LXR, a nuclear receptor
that defines a distinct retinoid response pathway. Genes Dev. 9 (9), 1033-1045.

Wilson, C.J., Finch, C.E., Cohen, H.J., 2002. Cytokines and cognition--the case for a head-to-toe inflammatory
paradigm. J. Am. Geriatr. Soc. 50 (12), 2041-2056.

Wilson, P.W., Schaefer, E.J., Larson, M.G., Ordovas, J.M., 1996. Apolipoprotein E alleles and risk of coronary
disease. A meta-analysis. Arterioscler. Thromb. Vasc. Biol. 16 (10), 1250-1255.

Wittke, A., Weaver, V., Mahon, B.D., August, A., Cantorna, M.T., 2004. Vitamin D receptor-deficient mice fail to
develop experimental allergic asthma. J. Immunol. 173 (5), 3432-3436.

Wood, J.G., Rogina, B., Lavu, S., Howitz, K., Helfand, S.L., Tatar, M., Sinclair, D., 2004. Sirtuin activators mimic
caloric restriction and delay ageing in metazoans. Nature 430 (7000), 686-689.

Wu, A, Hinds, C.J., Thiemermann, C., 2004. High-density lipoproteins in sepsis and septic shock: metabolism,
actions, and therapeutic applications. Shock 21 (3), 210-221.

Xie, W., Barwick, J.L., Downes, M., Blumberg, B., Simon, C.M., Nelson, M.C., Neuschwander-Tetri, B.A., Brunt,
E.M., Guzelian, P.S., Evans, R.M., 2000. Humanized xenobiotic response in mice expressing nuclear
receptor SXR. Nature 406 (6794), 435-439.

Yamauchi, K., Tozuka, M., Nakabayashi, T., Sugano, M., Hidaka, H., Kondo, Y., Katsuyama, T., 1999.
Apolipoprotein E in cerebrospinal fluid: relation to phenotype and plasma apolipoprotein E
concentrations. Clin. Chem. 45 (4), 497-504.

Yang, T., Fu, M., Pestell, R., Sauve, A.A., 2006. SIRT1 and endocrine signaling. Trends Endocrinol. Metab 17 (5),
186-191.

Yoshizawa, T., Handa, Y., Uematsu, Y., Takeda, S., Sekine, K., Yoshihara, Y., Kawakami, T., Arioka, K., Sato, H.,
Uchiyama, Y., Masushige, S., Fukamizu, A., Matsumoto, T., Kato, S., 1997. Mice lacking the vitamin D
receptor exhibit impaired bone formation, uterine hypoplasia and growth retardation after weaning.
Nat. Genet. 16 (4), 391-396.

Zelcer, N., Tontonoz, P., 2006. Liver X receptors as integrators of metabolic and inflammatory signaling. J. Clin.
Invest 116 (3), 607-614.

Zhang, J., Huang, W., Chua, S.S., Wei, P., Moore, D.D., 2002. Modulation of acetaminophen-induced
hepatotoxicity by the xenobiotic receptor CAR. Science 298 (5592), 422-424.

Zhang, J., Kuehl, P., Green, E.D., Touchman, J.W., Watkins, P.B., Daly, A., Hall, S.D., Maurel, P., Relling, M., Brimer,
C., Yasuda, K., Wrighton, S.A., Hancock, M., Kim, R.B., Strom, S., Thummel, K., Russell, C.G., Hudson,
J.R., Jr., Schuetz, E.G., Boguski, M.S., 2001. The human pregnane X receptor: genomic structure and
identification and functional characterization of natural allelic variants. Pharmacogenetics 11 (7), 555-
572.

Zhang, W., Patil, S., Chauhan, B., Guo, S., Powell, D.R., Le, J., Klotsas, A., Matika, R., Xiao, X., Franks, R.,
Heidenreich, K.A., Sajan, M.P., Farese, R.V., Stolz, D.B., Tso, P., Koo, S.H., Montminy, M., Unterman,
T.G., 2006. FoxO1 regulates multiple metabolic pathways in the liver: effects on gluconeogenic,
glycolytic, and lipogenic gene expression. J. Biol. Chem. 281 (15), 10105-10117.



158 | REFERENCES

Zhang, W.Y., Gaynor, P.M., Kruth, H.S., 1996. Apolipoprotein E produced by human monocyte-derived
macrophages mediates cholesterol efflux that occurs in the absence of added cholesterol acceptors. J.
Biol. Chem. 271 (45), 28641-28646.

Zwaan, B.J., 2003. Linking development and aging. Sci. Aging Knowledge. Environ. 2003 (47), e32-



SAMENVATTING| 159

SAMENVATTING

\ INTRODUCTIE

Naast toeval, gedrag en omgeving bepalen erfelijke factoren de lengte en kwaliteit van het
menselijk leven. In sommige families bereiken opvallend veel mensen een hoge leeftijd
(‘langlevendheid’) en kinderen van lang levende ouders hebben zelf een grotere kans
gezond oud te worden dan hun generatiegenoten. Kennis over de erfelijke factoren die
langlevendheid beinvloeden kan bijdragen aan het ontwikkelen van methoden voor het
bereiken van een hoge leeftijd in goede gezondheid. Tot heden is onbekend welke genen
bijdragen tot gezonde langlevendheid in de mens.

Het grootste gedeelte van het erfelijk materiaal is voor ieder individu hetzelfde en
verklaart de grote gelijkenis tussen mensen in vergelijking met andere soorten. Maar
tussen individuen is ongeveer 1 op de 300 basenparen verschillend, oftewel polymorf.
Deze polymorfismen verklaren waarom individuen verschillend zijn en kunnen worden
gebruikt om de functie van de verschillende genen te achterhalen en hun rol in het
bepalen van uiterlijke kenmerken en ziekte, maar ook van levensduur en gezondheid.
leder gen is in principe kandidaat om de lengte en kwaliteit van leven te beinvioeden,
maar het bestuderen van alle vijfentwinitig duizend humane genen is vooralsnog te
tijdrovend en te duur. Identificatie van specifieke kandidaat genen is efficiénter.

In diermodellen wordt veel onderzoek gedaan naar de biologische mechanismen die
levensduur bepalen. Deze biologische mechanismen zijn gedurende de evolutie
geconserveerd gebleven en komen ook bij andere soorten, waaronder de mens, voor. Het
doel van dit proefschrift is het identificeren van menselijke kandidaat-genen voor
langlevendheid, door het vertalen van wetenschappelijke resultaten verkregen in
diermodellen. Deze kandidaatgenen werden vervolgens bestudeerd in de Leiden 85-plus
Studie. Aan deze studie namen bijna alle Leidenaren deel die tussen 1997 en 1999 de
leeftijd van 85 bereikten. Van hen werd op 85-jarige leeftijd DNA en bloedmonsters
afgenomen, en daarna werd jaarlijks vervolgd met betrekking tot hun dagelijks
functioneren, cognitie, ziekte en sterfte.

Het onderzoek beschreven in dit proefschrift werd uitgevoerd in het kader van een
Innovative Oriented Research Program (IOP), waarin biologen, genetici en artsen samen
op zoek gingen naar erfelijke factoren die levensduur beinvioeden. Het onderzoek werd
geiniancierd door het Ministerie van Economische zaken en een aantal industriéle
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partners, met als doel samenwerking te bewerkstelligen tussen academie en industrie en
het genereren van kennis die economisch te gelde kan worden gemaakt.

INHOUD

De rondworm Cenorhabditis elegans wordt veel bestudeerd in het onderzoek naar
erfelijke determinanten van langlevendheid. De worm doorloopt een goed omschreven
ontwikkeling en is uitermate toegankelijk voor wetenschappelijke experimenten zoals het
stilleggen of modificeren van complete genen, iets dat bij de mens ethisch gezien
onmogelijk is. Onder normale omstandigheden ontwikkelt de worm zich via vier larvale
stadia in een volwassene. Onder ongunstige omstandigheden (voedsel tekort, ongunstige
temperatuur) kan de worm een alternatieve larvale vorm aannemen, de dauer diapause,
waarin de worm niet eet, nauwelijks beweegt, niet voortplant en zeer ongevoelig is voor
schadelijke factoren uit de omgeving. In deze periode lijkt de worm niet te verouderen,
want als de omstandigheden weer gunstig worden hervat de worm zijn normale
ontwikkeling en wordt een volwassene met een normale levensduur bovenop de periode
die in duaer diapause is doorgebracht. In C. elegans zijn veel mutaties in genen
beschreven die de levensduur van de volwassen worm kunnen verlengen tot vijffmaal de
normale levensduur, voornamelijk door het beinvloeden van de dauer fase (derhalve “daf”
genen genaamd).

DAF-12 is een gen in de rondworm dat functioneert op het kruispunt van vele signaal
systemen en deze integreert tot een beslissing om al dan niet in dauer fase te gaan.
Menselijke genen die lijken op DAF-12 zijn dus belangrijke kandidaten om ook in de mens
levensduur te beinvloeden. In hoofdstuk 2 identificeren we menselijke genen die lijken op
DAF-12. Het daf-12 gen codeert voor een Nucleaire Hormoon Receptor (NHR) en behoort
tot een superfamilie van NHR’s is die bij alle soorten voorkomen, waaronder de mens.
Door de volgorde van aminozuren te vergelijke waaruit deze NHR’s zijn opgebouwd,
ontdekten we dat in de mens de Lever X Receptoren alfa en béta het meest lijken op C.
elegans DAF-12, gevolgd door de Pregnaan X Receptor, de Vitamine D Receptor, de
Constitutieve Androstaan Receptor en de Farnesoid X Receptor. Hun biologische functie
omvatten, onder andere, detoxificatie en immuno-modulatie. Dit zijn beide belangrijke
processen bij het beschermen van het lichaam tegen schadelijke invloeden van buitenaf.
Opvallenderwijs hebben alle humane NHR’s een cholesterolproduct als activator of
suppressor. Derhalve concludeerden we dat het DAF-12 systeem gedurende de evolutie
ook functioneel geconserveerd lijkt en dat de humane NHR’s betrokken zijn in kritieke
processen voor het menselijk lichaam. Genetische variatie in deze NHR’s zijn dus
belangrijke kandidaten om langlevendheid te beinvlioeden.
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De Vitamine D Receptor (VDR) is een van de menselijk eiwitten die op DAF-12 lijken.
Vitamine D is in de mens, onder andere, betrokken bij het functioneren van het brein. In
hoofdstuk 3 bestudeerden we of genetische variatie in de VDR geassocieerd is met
cognitieve functie en depressieve symptomen op hoge leeftijd. Vijf polymorfismen, te
weten Cdx-2, Fokl, Bsml, Apal and Tagl, waarvan de laatste drie samen een
geconserveerde regio markeren (een haplotype blok), werden bepaald in alle deelnemers
van de Leiden 85-plus Studie. Het bleek dat dragers van haplotype 2 een slechtere
cognitieve functie hadden, terwijl haplotype 1 juist associeerde met een betere cognitieve
functie en minder depressieve symptomen. Deze associaties konden niet worden
verklaard door verschillen in calcium niveaus of sterfte, omdat de polymorfismen daarmee
niet associeerden. Deze resultaten lieten zien dat genetische variatie in de VDR invloed
heeft op de vatbaarheid voor leeftijdsafhankelijke veranderingen zoals cognitief
functioneren en depressieve symptomen.

In hoofdstuk 4 onderzochten we of genetische variatie in de Lever X Receptor alfa (LXRa)
associeert met langlevendheid. De LXRa is het menselijke eiwit dat het meest lijkt op C.
elegans DAF-12. In deelnemers van de Leiden 85-plus Studie bepaalden we vier
polymorfismen, die samen vier gangbare haplotypes markeren. Het bleek dat haplotype 2
associeerde met een 22% verminderd mortaliteitsrisico in de zeven jaar na het begin van
de studie. Dit werd voornamelijk veroorzaakt door een 69% verminderd risico op
overlijden aan infectieziekten. Bovendien associeerde haplotype 2 ook met een hoger
plasma niveau van apolipoproteine E, een eiwit waarvan de productie wordt gereguleerd
door LXRa, en hogere niveaus van triglyceriden. Concluderend, genetische variatie in het
gen dat codeert voor de LXRa associeert met langlevendheid.

Een van de genen waarvan de functie wordt beinvloed door de LXRa. is apolipoproteine E
(apokE). Drie structurele varianten van apoE (apoE2, E3, and E4) worden gecodeerd door
drie genetische varianten (resp. €2, €3 en €4) en behoren tot de meest bestudeerde
polymorfismen in de mens. ApoE4 associeert met een slechtere cognitieve functie en een
verhoogde kans op cardiovasculaire mortaliteit. Opvallend is dat er, in tegenstelling tot
over de structurele variatie, over de invloed van de kwantiteit van apoE weinig bekend is.
In de hoofdstukken 5, 6 en 7 bestuderen we de rol van plasma niveaus van apoE in
respectievelijk cardiovasculaire mortaliteit, cognitief functioneren, en het optreden van
herseninfarcten. Hiertoe bepaalden we in alle deelnemers van de Leiden 85-plus Studie op
85-jarige leeftijd het APOE genotype, het apoE plasma niveau en vervolgde vervolgens de
genoemde eindpunten.
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In hoofdstuk 5 beschrijven we dat deelnemers met hoge plasma apoE niveaus een 2.08
maal zo hoog sterfterisico hebben dan deelnemers met lage apoE niveaus. Onder de
deelnemers die het €3€3 genotype droegen, was het risico op cardiovasculaire sterfte 3.01
maal verhoogd. Andere sterfteoorzaken waren niet verhoogd. Hoge apoE niveaus waren
geassocieerd met hoog totaal cholesterol, LDL cholesterol en triglyceriden en met lage
HDL-cholesterol niveaus, maar deze associatie kon het verband tussen hoge apoE niveaus
en cardiovasculaire sterfte niet verklaren. Het risico op cardiovasculaire sterfte was het
sterkst in de deelnemers met een laag niveau van het C-reactive protein (CRP), een
ontstekingsparameter en bekende risico-indicator van hart- en vaatziekten. Bovendien
was in deelnemers met een laag CRP aan het begin van de studie, de toename in CRP
tijdens de follow-up het hoogst in de deelnemers met hoge plasma apoE niveaus.
Concluderend, op hoge leeftijd gaat een hoog apoE niveau vooraf aan een hoog CRP
niveau en associeert sterk met een toegenomen risico op cardiovasculaire sterfte.

In hoofdstuk 6 bestudeerden we van iedere deelnemer vanaf de leeftijd van 85 jaar en
daarna ieder jaar de cognitieve functie. Dit gebeurde aan de hand van een
gestandaardiseerde cognitieve testbatterij, waarvan de Mini Mental State Examination
(MMSE) de bekendste is. Onder dragers van het €3€3 genotype associeerde een hoog
plasma apoE niveau met een slechtere cognitieve op alle testen. Klassieke cardiovasculaire
risicofactoren konden deze associaties niet verklaren. Een andere mogelijke verklaring
werd gezocht in het risico op het krijgen van herseninfarcten. In hoofdstuk 7
observeerden we dat deelnemers met een hoog apoE niveau bij aanvang van de studie
een 1.47 maal hogere kans hadden op het hebben van een herseninfarct in de
voorgeschiedenis. Gedurende de follow-up waren hoge plasma apoE niveaus geassocieerd
met een hogere kans op het krijgen van een herseninfarct. Het verhoogde risico op
herseninfarcten dat eveneens gepaard ging met hoge plasma niveaus van apoE kon de
associatie met lagere cognitie niet verklaren.

Een ander gen dat onder invloed staat van LXRa is apolipoproteine Cl (apoCl). ApoCl
maakt onderdeel uit van voornamelijk HDL deeltjes, en in muizen beschermt het tegen
sterfte door ernstige ontstekingen. In hoofdstuk 8 onderzochten we of hoge plasma
niveaus van apoCl ook in mensen beschermend werken tegen sterfte aan infectieziekten
in de Leiden 85-plus Studie. Het bleek dat het hebben van hoge plasma apoCl niveaus
associeerde met een 40% reductie in sterfte aan infectieziekten, onafhankelijk van andere
lipidenparameters, zoals HDL-cholesterol. Concluderend, hoge waardes van apoCl lijken
ook in de mens te beschermen tegen sterfte aan infectieziekten op hoge leeftijd.
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In hoofdstuk 9 beschouwen we de genen die evolutionair geconserveerd zijn en die
betrokken zijn in de regulatie van langlevendheid in diermodellen en bestudeerd zijn in de
mens. Biologische mechanismen die tot dusver zijn geidentificeerd spelen een rol in
stofwisseling en in onderhoud en reparatiemechanismen, die de leeftijdsgerelateerde
ophoping van schade beperken. De literatuur beschouwend kan geconcludeerd worden
dat met het complexer worden van de soorten in het verloop van de evolutie, ook het
genetisch materiaal complexer is geworden. Waar bijvoorbeeld in de worm slechts een
gen een bepaalde functie vervult, zijn dat er in de mens soms vier. Dit resulteert erin dat
genetische variatie in een van die vier genen minder grote invloeden zal hebben op
langlevendheid dan genetische variatie in het oorspronkelijke gen. Een andere factor die
het vertalen van resultaten van dier naar mens bemoeilijkt is de omgeving. De functie van
het genoom is kritisch afhankelijk van de omgeving waarin het zich bevindt. De omgeving
waarin sommige van onze voorouders zijn geselecteerd is totaal anders dan onze huidige
omgeving. En zelfs onze omgeving van nu is niet dezelfde als 100 jaar geleden. Dit zorgt
ervoor dat resultaten verkregen in diermodellen onder laboratoriumomstandigheden niet
altijd hetzelfde resultaat opleveren als de observationele studie in de mens. Tenslotte, de
methoden die ons ter beschikking staan om genetische variatie te bestuderen in de mens
zijn vooralsnog beperkt, duur en tijdrovend. Concluderend kan gezegd worden dat,
hoewel het bestuderen van diermodellen een aantal mogelijke kandidaat genen heeft
opgeleverd, het onduidelijk blijft in welke mate zij langlevendheid in de menselijke
populatie bepalen.
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