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Aging and cancer: connections and potential joint interventions
Judith Campisi,  Buck Institute for Age Research and Lawrence Berkeley National Laboratory
Age is the largest single risk factor for developing a panoply of diseases.  Most age-related diseases are degenerative in nature – that is, cells and tissues lose integrity and/or function.  An exception is cancer, a hyperproliferative disease that entails the acquisition of new, albeit aberrant, cellular phenotypes and tissue structure.  Is there, then, a common biology that links aging, degenerative disease and cancer?  We propose that one common link is the accumulation of senescent cells.  Cellular senescence is a potent tumor suppressive response by which cells irreversibly arrest proliferation and acquire a robust pro-inflammatory secretory phenotype (the senescence-associated secretory phenotype or SASP).  Cells undergo senescence in response to a wide range of potentially oncogenic stimuli.  Moreover, senescent cells accumulate in aged tissues and at sites of age-related pathology, both degenerative and hyperproliferative.  We and others have shown that senescent cells, and particularly the SASP, can disrupt normal tissue structure and function.  Moreover, the SASP can fuel cancer progression.  Suppressing the SASP, then, may be key to ameliorating both the degenerative diseases of aging and cancer.  We have identified several pathways that, when dampened, suppress the SASP.  These include the DNA damage response pathway, the p38MAPK-NF-kB pathway, and the evolutionarily conserved mTOR pathway. 

GENOME DYNAMICS IN AGING

Jan Vijg, Department of Genetics, Albert Einstein College of Medicine, Bronx, New York, USA

The capacity to repair DNA damage and prevent genetic or epigenetic alterations in differentiated tissues has been implicated as a major longevity assurance mechanism in higher eukaryotes. While under normal conditions DNA damage from natural sources, such as oxidation and hydrolysis, is swiftly repaired, errors during repair or replication of a damaged template can result in genetic or epigenetic mutations. Such events are essentially irreversible and likely to generate increased heterogeneity of genetic and epigenetic information among cells, resulting in aged tissue mosaics. In turn, this could lead to random alterations in gene regulatory patterns, functional loss and increased disease risk. Using transgenic mouse and fly models harboring lacZ mutation reporter genes we demonstrated that DNA mutations accumulate with age in a tissue-specific manner. Some tissues, most notable the brain, proved highly resistant to mutation accumulation while in others, such as intestine, liver and heart in mice, and thorax in flies, the rate of genetic alteration was much faster. To assess genomic and epigenomic integrity in animal tissues during aging at endogenous loci in a genome-wide manner we have begun to explore the extraordinary power of massively parallel sequencing. The approaches explored include comprehensive genome or epigenome analysis of single cells for all types of mutation after whole genome amplification, and the analysis of small cell or tissue samples for random genome rearrangements after in silico subtraction of sequencing errors. 

Rapa, MIFKO, Meth-R, and Adoption: Four Ways to Help Your Mouse Live Longer

Richard A. Miller, University of Michigan

Showing that an intervention can extend mean and maximal lifespan in mice provides an initial indication that the procedure (diet, drug, or mutation) can slow the aging process, and can provide experimental leverage for generating and testing hypotheses about the mechanisms that time aging and connect aging to diseases.   This talk presents new data about four such approaches: (1) Rapamycin, an inhibitor of TOR kinase, extends mean and maximal lifespan in male and female mice of a genetically heterogeneous stock, whether started at 9 or 20 months of age.  These results, together with parallel studies in invertebrates and emerging data on rapamycin effects on multiple diseases, point to an important role for TOR in coordinating cellular responses to nutrients and stress.  (2) Mice lacking the gene for MIF (migration inhibition factor) were should to live longer than controls, and also to respond to caloric restriction with an additional increase in longevity.  MIF, a pro-inflammatory cytokine, has been implicated in a wide range of human diseases.  The genetic data suggest that pharmacological blockage of MIF action may be able to slow aging and/or several of the major diseases of aging the limit lifespan in mice and humans.  (3)  Diets low in methionine extend mean and maximal lifespan in mice, rats, and flies.  New data show that the effect on mouse lifespan can be seen even when the low methionine diet is not started until 12 months of age, and show that the biochemical effects of this diet are very different from those seen in calorically restricted mice.  Further work will be needed to test plausible mechanisms, involving glutathione metabolism, DNA methylation, translation control, altered endocrine patterns, and hormetic effects.  (4)  Mice raised in over-crowded litters ("CL" mice) were shown to have extended mean and maximal longevity, even though the period of intervention was a mere three weeks, i.e. from birth to weaning only.  This observation suggests that the pace of aging can be molded by very early environmental alterations that affect nutrient availability, psychological stress, or both.  Work is now underway to compare age-sensitive traits, and potential modulatory pathways, in these multiple models of delayed mammalian aging.

Key collaborators: James Harper, David Harrison, Nancy Nadon, Amir Sadighi Akha, Z. Dave Sharp, Randy Strong, Liou Sun.   Support: National Institute on Aging, Ann Arbor VA Medical Center, Glenn Foundation, Ellison Medical Foundation

ABSTRACT LINDA PARTRIDGE

Senescence and cancer

Daniel Peeper, PhD, Division of Molecular Genetics, Netherlands Cancer Institute, Amsterdam, d.peeper@nki.nl
The BRAF protein kinase is frequently mutated (commonly V600E) in melanoma and a number of other tumor types. Remarkably, BRAFE600 is also found in the vast majority of benign melanocytic nevi (moles). Nevi typically show little proliferative activity and in rare cases progress to malignant melanoma. Previously, we reported that BRAFE600 is associated with the activation of tumor suppressors (including p16INK4A) and induction of long-term, senescence-like cell cycle arrest of nevi (1, 2). Similar results on oncogene-induced senescence (OIS) in vivo have now been reported across a wide variety of model systems, and in the context of several oncogenes and tumor suppressor genes.

   In spite of the long-term arrested state of nevus cells, we observed that nevi often display a mosaic immunopositivity for p16INK4A. This may imply that in addition to p16INK4A other factors contribute to the senescent state of BRAFE600-expressing cells. In addition to taking a candidate gene approach, we are combining gene expression analysis, systematic RNAi and unbiased functional screens. This integrative oncogenomics approach has identified novel signaling networks involved in OIS (3, 4). For example, we found that the inflammatory transcriptome is induced in the context of oncogenic stress. This is dependent on the activity of the transcription factor CEPB as well as several of its effector genes, including specific interleukins. Recently, we found a novel transcription factor in this pathway, TSC22, which is carefully regulated to implement OIS. And, we identified a mechanism by which nevi progress to melanomas. Taken together, we have begun to build a framework, comprising several transcription factors, which fulfill a central role in tumor suppression. 

1. BRAFE600-associated senescence-like cell cycle arrest of human naevi. Michaloglou C, Vredeveld LC, Soengas MS, Denoyelle C, Kuilman T, van der Horst CM, Majoor DM, Shay JW, Mooi WJ, Peeper DS.  Nature. 2005 Aug 4;436(7051):720-4.

2. Oncogene-induced cell senescence--halting on the road to cancer. Mooi WJ, Peeper DS.  N Engl J Med. 2006 Sep 7;355(10):1037-46.

3. Oncogene-induced senescence relayed by an interleukin-dependent inflammatory network. Kuilman T, Michaloglou C, Vredeveld LC, Douma S, van Doorn R, Desmet CJ, Aarden LA, Mooi WJ, Peeper DS. Cell. 2008 Jun 13;133(6):1019-31

4. Senescence-messaging secretome: SMS-ing cellular stress. Kuilman T, Peeper DS. Nat Rev Cancer. 2009 Feb;9(2):81-94. Epub 2009 Jan 9.

ABSTRACT TOM RANDO

Genome-wide analysis of aging and the response to dietary restriction

Matt Kaeberlein, University of Washington, Departmenet of Pathology, Seattle, USA
Aging is controlled by a complex interaction between environmental and genetic factors.  The best-characterized environmental determinant of longevity is dietary restriction, defined as a reduction in nutrient availability in the absence of malnutrition.  The Target of Rapamycin (TOR) kinase has emerged as a key mediator of longevity and healthspan in response to dietary restriction, and interventions that reduce TOR signaling are now known to slow aging in organisms from yeast to mice.  Here I will describe our ongoing studies to define the mechanistic basis of life span extension from dietary restriction and TOR inhibition, as well as new studies aimed at understanding to role of genotypic variation in the response to dietary restriction.

Regulation of FOXO by oxidative stress and insulin

Tobias D. Dansen, Marrit Putker, Peter de Keizer, Maaike C. W. van den Berg,

Paraskevi Charitou,  Boudewijn M. T. Burgering.

Molecular Cancer Research, UMC Utrecht, The Netherlands

The members the family of Forkhead box O (FOXO) transcription factors are

the mammalian orthologues of the C.Elegans longevity protein DAF-16. In

mammalian cells FOXOs are important in a variety of cellular processes like

cell cycle arrest, apoptosis and stress resistance. We have shown that FOXO

transcription factors are negatively regulated by Protein kinase B (PKB/Akt)

in response to insulin signaling, whereas cellular oxidative stress via JNK

(c-Jun N-terminal Kinase) activates FOXOs. Importantly, FOXO regulation by

JNK and PKB is evolutionary conserved and both in C.elegans and Drosophila,

loss of PKB activation, as well as JNK activation results in a DAF-16/dFOXO

dependent lifespan increase.

Currently, we are exploring whether activation of FOXO/DAF-16 via reduced

insulin/PKB signaling is identical or dissimilar to activation by stress and

JNK and whether this may differentially impact on ageing. To this end we

investigate the cellular mechanisms of stress activation of FOXO in further

detail. In contrast to regulation by insulin signaling, stress regulation of

FOXO is highly complex and involves multiple pathways that either activate

or inhibit FOXO function. We have deciphered the details of several of these

mechanisms, including a role for FOXO as direct reactive oxygen sensor.

These mechanisms and the implications thereof will be discussed.

Furthermore, we have obtained evidence that activation of FOXO by either

loss of PKB, or activation of JNK is not identical and causes different

biological outcome.

DNA damage and its impact on cancer, aging and longevity
J.H.J. Hoeijmakers, G. Garinisa, B. Schumacherb, J. Pothof, I. van der Pluijmc, M. de Waard, H. van Steegd, and G.T.J. van der Horst. Genetics, Erasmus MC, PO Box 2040, 3000 CA Rotterdam, a) Institute of Molecular Biology and Biotechnology, Heraklion, Crete, Greece; b) Univ. of Cologne, Cologne, Germany; c) DNage, Leiden; d) RIVM, Bilthoven, The Netherlands

DNA, the carrier of genetic information, is incessantly damaged by exogenous agents (UV-, gamma-radiation and numerous natural or man-made chemicals) and (by)products of normal cellular metabolism, including reactive oxygen species. To counteract the negative effects of damage to our genes a complex genome maintenance apparatus has evolved comprised of an intricate network of DNA repair systems and cell cycle checkpoints. Nucleotide excision repair (NER) is one of the most versatile repair systems removing a wide range of helix-distorting lesions of exogenous (UV, bulky adducts), but also endogenous (e.g. cyclopurines) origin in a multi-step ‘cut and patch’ reaction. Two NER sub-pathways exist. Global genome NER covers the entire genome and is important for preventing mutations. Transcription-coupled repair removes damage that obstructs transcription, mainly counteracting cytotoxic effects of DNA injury. Several rare, autosomal recessive inherited NER syndromes are known which are characterized by extreme sun(UV)sensitivity, but otherwise display a striking clinical heterogeneity: very strong (skin)cancer predisposition in xeroderma pigmentosum (XP) as well as dramatic neuro-developmental deficits as in Cockayne syndrome (CS) and the brittle hair disease trichothiodystrophy (TTD). Remarkably, although life expectancy in the latter 2 conditions is frequently limited to childhood, they appear not associated with any cancer susceptibility, in striking contrast to XP. Intriguingly, mutations in core NER helicases XPB and XPD, which are subunits of the repair/transcription factor TFIIH, are associated with all three disorders or combinations. 

To assess the medical impact of DNA damage and NER and to get insight into the puzzling clinical heterogeneity we have generated a series of transgenic mouse mutants, several with identical mutations in NER genes as found in NER patients. E.g. XPDTTD mice, mimicking a XPD point mutation of a TTD patient, revealed that TTD is in fact a segmental premature aging syndrome, like CS, which appears to be protected from spontaneous cancer. XPDXP/CS mutant mice on the other hand are highly predisposed to cancer, but also display premature aging, demonstrating that both phenotypes can co-exist. Different single and double NER mutants exhibit multiple premature aging featuresLife span is limited to 1,5 year for milder mutants to 3-5 weeks for dramatic double mutants. A striking correlation is found between severity of compromised repair and rate of onset and severity of the clinical aging manifestations providing strong experimental support for the DNA damage theory of aging. Conditional mutants in which dramatic aging occurs only in e.g. the brain, display many signs of neurodegeneration whereas the remainder of the body appears normal, revealing organ-specific accelerated aging. The different defects in DNA repair and their effects on cancer and aging can be rationalized as follows. Generally, compromised GG-NER, which eliminates distorting DNA injury over the entire genome, leads to enhanced damage levels everywhere, which -upon replication- will increase mutagenesis and thereby cancer. TCR only focuses on lesions in the transcribed strand of active genes that arrest transcription. Since this is only a very small proportion of all DNA damage in the genome this repair system has little impact on mutagenesis and cancer, but is vital for resumption of transcription and thereby for cellular viability. Defects in TCR will thus render cells more sensitive to DNA damage-induced cell death, thereby strongly protecting from cancer, but at the expense of enhanced cell death which in turn accelerates aging. 

Microarray, functional and physiological studies have revealed that persisting DNA damage elicits a systemic downregulation of the IGF1 somatotrophic axis and upregulation of anti-oxidant defences, favouring maintenance and defences at the expense of growth and development, explaining the severe growth defect of repair mutants. Persisting DNA damage triggers this ‘survival’ response in a cell autonomous manner and implicates regulation by a set of ageing-related microRNAs. Dietary restriction and fasting trigger a similar ‘survival’ response, which maximizes anti-oxidant defence and -when constitutive- promotes longevity at least under laboratory conditions. These data link accumulation of DNA damage and the IGF1 control of life span and open perspectives for the promotion of healthy aging, including reduced risk of cancer.
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Lgr5 Stem Cells in self-renewal and cancer

Hugo J. Snippert and Hans Clevers, Hubrecht Institute, Royal Netherlands Academy of Arts and Sciences & University Medical Centre Utrecht, Uppsalalaan 8, 3584 CT Utrecht, the Netherlands
The intestinal epithelium is the most rapidly self-renewing tissue in adult mammals. We originally defined Lgr5 as a Wnt target gene, transcribed in colon cancer cells. Two knock-in alleles revealed exclusive expression of Lgr5 in cycling, columnar cells at the crypt base. Using an inducible Cre knock-in allele and the Rosa26-LacZ reporter strain, lineage tracing experiments were performed in adult mice. The Lgr5+ve crypt base columnar cells (CBC) generated all epithelial lineages throughout life, implying that it represents the stem cell of the small intestine and colon. Similar obserations were made in hair follicles and stomach epithelium. 

Single sorted Lgr5+ve stem cells can initiate ever-expanding crypt-villus organoids in 3D culture. Tracing experiments indicate that the Lgr5+ve stem cell hierarchy is maintained in these organoids. We conclude that intestinal crypt-villus units are self-organizing structures, which can be built from a single stem cell in the absence of a non-epithelial cellular niche. The same technology has now been developed for the Lgr5+ve stomach stem cells. 

Intestinal cancer is initiated by Wnt pathway-activating mutations in genes such as APC.  As in most cancers, the cell of origin has remained elusive. Deletion of APC in stem cells, but not in other crypt cells results in progressively growing neoplasia, identifying the stem cell as the cell-of-origin of adenomas. Moreover, a stem cell/progenitor cell hierarchy is maintained in early stem cell-derived adenomas, lending support to the “cancer stem cell”-concept. 

Fate mapping of individual crypt stem cells using a multicolor Cre-reporter revealed that, as a population, Lgr5 stem cells persist life-long, yet crypts drift toward clonality within a period of 1-6 months. Lgr5 cell divisions occur symmetrically. The cellular dynamics are consistent with a model in which the resident stem cells double their numbers each day and stochastically adopt stem or TA fates after cell division. Lgr5 stem cells are interspersed between terminally differentiated Paneth cells that are known to produce bactericidal products. We find that Paneth cells are CD24+ and express EGF, TGF-a, Wnt3 and the Notch ligand Dll4, all essential signals for stem-cell maintenance in culture. Co-culturing of sorted stem cells with Paneth cells dramatically improves organoid formation. This Paneth cell requirement can be substituted by a pulse of exogenous Wnt. Genetic removal of Paneth cells in vivo results in the concomitant loss of Lgr5 stem cells. In colon crypts, CD24+ cells residing between Lgr5 stem cells may represent the Paneth cell equivalents. We conclude that Lgr5 stem cells compete for essential niche signals provided by a specialized daughter cell, the Paneth cell.
Genomic instability in induced stem cells

Cristina Elisabetta Pasi, Aygül Dereli-Öz, Simona Negrini, Marc Friedli, Giulia Fragola, Angelo Lombardo, Griet Van Houwe, Luigi Naldini, Stefano Casola, Giuseppe Testa, Didier Trono, Pier Giuseppe Pelicci and Thanos D Halazonetis
Department of Molecular Biology, University of Geneva, Geneva, Switzerland; Istituto Europeo di Oncologia, Milan, Italy; and School of Life Sciences, Ecole Polytechnique Fédérale de Lausanne, Lausanne, Switzerland

The ability to reprogram adult cells into stem cells has raised hopes for novel therapies for many human diseases. Typical stem cell reprogramming protocols involve expression of a small number of genes in differentiated somatic cells with the c-Myc and Klf4 proto-oncogenes typically included in this mix. We have previously shown that expression of oncogenes leads to DNA replication stress and genomic instability, explaining the high frequency of p53 mutations in human cancers. Consequently, we wondered whether stem cell reprogramming also leads to genomic instability. To test this hypothesis we examined stem cells induced by a variety of protocols. The first protocol, developed specifically for this study, reprogrammed primary mouse mammary cells into mammary stem cells by expressing c-Myc. Two other previously established protocols reprogrammed mouse embryo fibroblasts into induced pluripotent stem (iPS) cells by expressing either 3 genes, Oct4, Sox2 and Klf4 (OSK), or 4 genes, OSK plus c-Myc (OSKC). Comparative genomic hybridization (cGH) analysis of stem cells derived by these protocols revealed the presence of genomic deletions and amplifications, whose signature was suggestive of oncogene-induced DNA replication stress. The genomic aberrations were to a significant degree dependent on c-Myc expression and their presence could explain why p53 inactivation facilitates stem cell reprogramming.

Ageing in C. elegans: Farewell to the oxidative damage theory?

Cassandra Coburn, Filipe Cabreiro, Sara Valentini, David Gems, Institute of Healthy Ageing and G.E.E., University College London, Gower Street, London WC1E 6BT, UK. Email: david.gems@ucl.ac.uk
Mitochondrial respiration generates as a by-product reactive oxygen species (ROS) such as O2-• and H2O2. It has been suggested that ROS-induced damage to biomolecules causes ageing1,2. If this is true, then reduction or activation of endogenous defences against oxidative damage should accelerate or retard ageing, respectively. Yet recent tests using animal models have generally not borne out this prediction, raising doubts about the oxidative damage theory3,4. 

We have continued to test the role of molecular damage in ageing in C. elegans. We find that over-expression of cytosolic or mitochondrial SOD increases lifespan. However, this also reduces resistance to oxidative stress, and increases H2O2 levels and oxidative damage. Moreover, the increases in longevity require the DAF-16/FoxO transcription factor. Thus, the longevity resulting from elevated SOD is not, it seems, attributable to enhanced antioxidant defense. One possibility is that elevated SOD protein levels elicit an ER stress response which increases lifespan. We have also tested the importance of cellular free iron in worm ageing. Free iron can catalyze •OH production via the Fenton reaction. Ferritins regulate cytosolic iron levels by sequestering excess iron. Long-lived daf-2 insulin/IGF-1 mutants show a ~50-fold increase in ferritin (ftn-1) mRNA levels, hinting that ftn-1 might protect against ageing. We find that ftn-1 over-expression lowers free iron levels in vivo, and increases resistance to peroxide toxicity, consistent with reduced Fenton chemistry in vivo. However, neither knockdown or over-expression of ftn-1 had any effect on lifespan.

Under UV irradiation, C. elegans emits blue fluorescence, mean levels of which increase with age in worm cohorts5. This is thought to reflect accumulation of lipofuscin (age pigment), a complex of damaged biomolecules, consistent with the view that molecular damage causes ageing. We have reassessed the parallels drawn between blue fluorescence and lipofuscin. Firstly, we monitored blue fluorescence throughout life in individual worms. We saw no increase in blue fluorescence during most of the worms’ lifetimes, but instead a dramatic, rapid burst (mean ~5-fold increase, p=2.8e-13) of blue fluorescence just as the worms died. A similar fluorescent burst was also seen when young adults were killed by various means. Thus, a burst of blue fluorescence occurs during organismal death in C. elegans, irrespective of cause or age. We also found that exposure to hyperoxia sufficient to increase protein oxidation did not increase blue fluorescence. This implies that blue fluorescence marks organismal death, not ageing, and does not correspond to lipofuscin.

These new findings further suggest that accumulation of molecular damage is not the chief driver of ageing in C. elegans. 

1. J Gerontol 11, 298 (1956). 2. Physiol Rev 78, 547 (1998). 3. Cell Cycle 8, 1681 (2009). 4. Biochim Biophys Acta. 1790, 1005 (2009). Mech Ageing Dev 6, 413 (1977).

Growth hormone, adiposity and aging 

Andrzej Bartke and Michal Masternak, Dept, of Internal Medicine, Southern Illinois University School of Medicine, Springfield, IL, USA 

Mice which are genetically growth hormone (GH) deficient or GH resistant live longer than their normal siblings. Although GH receptor knockout (Ghr-/-) mice have markedly increased content of body fat, they exquisitely sensitive to insulin action. Indeed, the combination of hypoinsulinemia and enhanced insulin sensitivity emerges as one of likely mechanisms of delayed aging and extended longevity of these animals. The unexpected coexistence of increased adiposity and improved insulin signaling may be related to differences in the distribution of adipose tissue (preferentially subcutaneous in the Ghr-/- mice), in the size of adipocytes and in the secretory activity of fat cells and macrophages, including increased secretion of adiponectin and reduced secretion of pro-inflammatory cytokines. Surgical removal of most of the epididymal and perinephric fat from normal mice improves insulin signaling and produces phenotypic changes predictive of increased longevity, namely reduction of body temperature and respiratory quotient. In contrast, identical surgical intervention in Ghr-/- males promotes insulin and glucose resistance and increases respiratory quotient.Moreover, plasma adiponectin levels are reduced by visceral fat removal in Ghr-/- but not affected in normal mice. Apparently in the long lived Ghr-/- mice visceral fat is an important source of adiponectin and it promotes insulin sensitivity rather than insulin resistance. The unexpected beneficial role of visceral fat in Ghr-/- mice implied by these findings may explain why subjecting these animals to calorie restriction fails to improve insulin signaling or extend longevity.(Supported by NIA). 
Key metabolic pathways and ageing in mice

Colin Selman, Integrative Physiology, Institute of Biological and Environmental Sciences, University of Aberdeen, Aberdeen, AB24 2TZ, UK 
It is now well recognized that altered insulin/insulin-like growth factor 1 signalling (IIS) plays a key and conserved role in the modulation of lifespan. We have previously demonstrated that both female and male mice deficient in insulin receptor substrate protein 1 (IRS1), a major intracellular IIS effector, are long-lived. These animals also show increased resistance to several age-related pathologies, but combine this longer lifespan with lifelong insulin resistance, unlike other long-lived mice. The target of rapamycin (TOR) signalling pathway also plays a key and conserved role in longevity control. Global deletion of ribosomal S6 protein kinase 1 (S6K1), an effector of both mTOR and IIS signalling, extends lifespan in female (but not male) mice. These animals are again resistant to several age-related pathologies, including bone, immune and motor dysfunction. However, unlike Irs1 null mice, old S6K1 mice are insulin sensitive. Whilst we still do not yet understand the exact mechanism leading to such lifespan extension, S6K1 nulls have similar hepatic gene expression profiles to dietary restricted (DR) and Irs1 null mice. This suggests that a common mechanism may exist across all 3 long-lived models. In addition, skeletal muscle expression profiles of S6K1 null mice closely mimicked those of mice following AICAR treatment. Therefore, manipulation of mTOR (and AMPK) may mimic DR and might help provide viable drug targets to protect against diseases of aging.

Abstract Bert Hofman

The origin of human longevity

 

Rudi GJ Westendorp MD PhD, professor and chair of medicine, Leiden University Medical Center;Executive Director Leyden Academy on Vitality and Ageing
 
Human longevity has long been considered to be beyond evolutionary control. Over the past decades however, various adaptive theories have been put forward focusing on the indirect effect of post-reproductive survival in women, optimizing the reproductive success of their (grand)children. We have prospectively followed 28,994 individuals in 1,703 households from a contemporary polygamous African population under adverse conditions. In a full kin analysis, using a two-sex model, we assessed both the direct effect of continued reproduction in men and the indirect effect of the presence of older men and women on the reproduction and offspring survival in the household. We observed selection for longevity in men; of all 3,645 observed newborns, 18.4 % were born of fathers aged fifty and above. We also observed selection for post-reproductive survival in women; the presence of women aged fifty and above increase the total number of offspring in the household with 2.7%. We also observed that the presence of older men suppressed the total number of newborns in households by 6.7%. Offspring survival up to reproductive age was not affected by the presence of either older women or older men. Our results suggest that human longevity evolved predominantly through a direct effect for longevity in older men, more than through the indirect effects of post-reproductive survival in older women, as earlier suggested. I will discuss the result of this selection for the necessary biological mechanisms that have evolved, such as the inflammatory host response.

Abstract Tom Kirkwood
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