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The demographic change in Europe



Chronic kidney disease CancerDementia

Diabetes Stroke Osteoporosis

Long life comes at the expense of age-related disease



Multimorbidity: Incidence of two or more chronic conditions increases 
exponentially in the 50+

St Sauver et al. BMJ Open 2015
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Annual healthcare costs increase with age



Cancer 
Cardiovascular disease 
Alzheimer disease 
Parkinson disease 
Macular degeneration 
Type 2 diabetes 
Osteoporosis

Cancer research 
CV research  
AD research 
PD research 
AMD research 
Diabetes research 
Bone research

Treatment for cancer 
Treatment for CV disease  
Treatment for AD 
Treatment for PD 
Treatment for AMD 
Treatment for diabetes 
Treatment for OP

Ageing-associated disorders: 
the classic approach
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Requires the understanding of the mechanisms of ageing



August Weismann (1889):  
The mortal soma and the immortal germline

Germ cellsGerm cells Germ cells

Which mechanisms maintain the body and thus determine the aging process?
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Consequences of Genome Damage
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Changes in the Genome: 
Mutations

Persistent damage: 
Functional loss, cell death
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Consequences of Genome Damage
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When the Genom cannot be repaired: 
High cancer risk and premature aging

Xeroderma Pigmentosum

9 y

Cockayne Syndrom



Rapid accumulation of DNA damage 
accelerates the aging process

Threshold of tolerance 



wormatlas.org

A nematode worm and the discovery of the genetics of aging



wormatlas.org

Cynthia Kenyon (1993): 
Mutations in a single gene could double the lifespan



Longevity program responds to genome damage



Longevity genes maintain youthfulness



Longevity assurance pathways extend tissue functionality amid persistent DNA damage

DNA Repair

Longevity genes

Garinis et al., Nat Cell Biol 2009 
Mueller et al., Nat Cell Biol 2014



Interventions for healthy ageing I

Calorie restriction extends lifespan



Dietary  
restriction 
lengthens  

life span in diverse 
organisms

Budding Yeast

Rotifer

C. elegans

D. melanogaster

Medfly

Waterstrider

Carabid Beetle

Guppy

Rhesus Monkey?

Rat

Mouse

Labrador

Humans???

Chicken

Bowl & Doily Spider

Daphnia



Diet Restricted Ad libitum 

Colman et. al. 2009 Fontana et. al. 2010

Decreased body mass 
Decreased TAG 
Decreased Risk Factors of  
-Atherosclerosis  
-Diabetes  
Increased energy



Calorie restriction for humans?

• Reduced calorie intake can be healthy, obesity is disease risk factor 
• Calorie restriction requires optimum, malnutrition is dangerous 
• This optimum can be individually very different 
• Healthy diet is important but regular workout is also required 
• Pharmacological interventions can target the signaling pathways of calorie 

restriction (metformin, rapamycin)



Interventions for healthy ageing II
The germline influences the ageing of the soma

Germ cellsGerm cells Germ cells



Removal of germ cells extends life span in C. elegans

Hsin 1999, 
Nature

Somatic gonadal cells

Gonadal primordium
Germ cells

Lifespan extension

anti-aging
Pro-aging
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animal is extended. Our findings suggest that germline signals act
by modulating the activity of an insulin/IGF-1 (insulin-like
growth factor) pathway that is known to regulate the ageing of
this organism. Mutants with reduced activity of the insulin/IGF-1-
receptor homologue DAF-2 have been shown to live twice as long
as normal1–3, and their longevity requires the activity of DAF-16, a
member of the forkhead/winged-helix family of transcriptional
regulators1,2,4,5. We find that, in order for germline ablation to
extend lifespan, DAF-16 is required, as well as a putative nuclear

hormone receptor, DAF-12 (refs 6, 7). In addition, our findings
suggest that signals from the somatic gonad also influence ageing,
and that this effect requires DAF-2 activity. Together, our findings
imply that the C. elegans insulin/IGF-1 system integrates multiple
signals to define the animal’s rate of ageing. This study demon-
strates an inherent relationship between the reproductive state of
this animal and its lifespan, and may have implications for
the co-evolution of reproductive capability and longevity.

When C. elegans hatches, its gonad consists of four precursor
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Figure 1 Response of wild-type nematodes to ablation of germline and somatic-

gonad precursors. a, The C. elegans gonad. At hatching (top panel), the gonad

consists of four cells. Z1 and Z4 give rise to the somatic gonad, and Z2 and Z3 give

rise to the germ line of the adult (lower panel). Wild-type hermaphrodites have

approximately 300 progeny; however, progeny production does not affect

lifespan, since fem mutants (which lack sperm) have normal lifespans (also see

text)1,17. The somatic gonad is needed for germline development14, and in all of our

experiments, ablating only the somatic gonad had the same effect as ablating

both the somatic gonad and germ line. b–g, Survival curves. The curves shown

represent the sum of all animals examined in one or more experiments (each

experiment consisting of sets of ablated animals and control animals that were

born at the same time). n, total number of animals observed (the number of

independent experiments performed is given in parentheses); m, mean lifespan;

!, ablated. P values were calculated between the experimental and control

animals examined in a single experiment. b, Wild type (strain N2). Intact control,

n ⇥ 438⇤10�, m ⇥ 19:4 � 0:29; Z2/3(!), n ⇥ 146⇤7�, m ⇥ 31:8 � 0:97, P ⇤ 0:0001

for each of 6 experiments (in the 7th, P ⇥ 0:0023); Z1/2/3/4(!), n ⇥ 34⇤1�,
m ⇥ 22:5 � 1:16, P ⇥ 0:33 (similar results have been reported previously1); Z1/

4(!), n ⇥ 34⇤2�, m ⇥ 17:8 � 1:00, P ⇥ 0:87 (experiment 1) and 0.35 (experiment 2).

A second laboratory strain of N2, MRC N2, responded similarly to Z2/3 and Z1/4

ablation (data not shown). c–f, Survival of wild isolates of C. elegans following Z2/

3 ablation. c, AB3 is an Australian strain. Intact control, n ⇥ 35⇤1�, m ⇥ 17:1 � 1:33;

Z2/3(!), n ⇥ 32⇤1�, m ⇥ 25:1 � 2:44, P ⇥ 0:0056. d, CB3191 is an isolate from

California. Intact control, n ⇥ 33⇤1�, m ⇥ 19:0 � 0:80; Z2/3(!), n ⇥ 31⇤1�,
m ⇥ 29:0 � 2:60, P ⇥ 0:0004. e, RC301 is a German strain. Intact control,

n ⇥ 72⇤2�, m ⇥ 17:2 � 0:63; Z2/3(!), n ⇥ 69⇤2�, m ⇥ 21:8 � 1:15, P ⇥ 0:16 and

0.0034. f, TR389 is from Wisconsin. Intact control, n ⇥ 30⇤1�, m ⇥ 15:6 � 0:71;

Z2/3(!), n ⇥ 31⇤1�, m ⇥ 23:4 � 2:09, P ⇥ 0:0012. AB3 and RC301 exhibit clumping

behaviour, the other strains do not9. g, P. pacificus (family Diplogastridae).

n ⇥ 83⇤2�, m ⇥ 27:5 � 0:82; Z2/3(!), n ⇥ 39⇤1�, m ⇥ 33:3 � 0:69, P ⇥ 0:0001; Z1/

2/3/4(!), n ⇥ 29⇤1�, m ⇥ 27:6 � 1:14, P ⇥ 0:64.

Days



Translational implications?
Magazine
R793

Eunuchs of the Chosun Dynasty lived 
with privileges: Korean eunuchs were 
conferred with official ranks and were 
legally allowed to marry, a practice 
that was officially banned in the 
Chinese Empire. In addition, married 
couples were also entitled to have 
children by adopting castrated boys 
or normal girls. The boys lost their 
reproductive organs in accidents, or 
they underwent deliberate castration 
to gain access to the palace before 
becoming a teenager. Although the 
family of a eunuch was composed 
of non blood-related members, the 
bonding in these families is believed 
to have been as strong as that in 
traditional blood-related families.

Several studies have described the 
long-term consequences of castration 
in eunuchs, but there have been no 
data on the lifespan of eunuchs [9]. 
We examined the lifespan of Korean 
eunuchs by analyzing the Yang-Se-Gye-
Bo ( ) — a genealogy record of 
Korean eunuchs. To our knowledge, 
this is the only record of eunuch-family 
histories in the world. The Yang-Se-Gye-
Bo is the genealogical record of eunuch 
families from the progenitor Deuk-Bu 
Yoon and was written in 1805 by Yoon-
Muk Lee (thirteenth generation of the 
progenitor, 1741–1816). It describes 
birth and death dates, place of birth, 
rank in the Royal court, names of wives 
and adopted son(s), and direction for 

the burial location of the late eunuchs. 
The validity of the Yang-Se-Gye-Bo was 
confirmed by cross reference to the 
Annals of the Chosun Dynasty and Diary 
of the Royal Secretariat (Supplemental 
information). The activities of many 
eunuchs are described in both records, 
which verify that they were alive at that 
time.

The Yang-Se-Gye-Bo contains the 
records of 385 eunuchs. From these 
records, the lifespans of 81 eunuchs 
could be identified. The average 
lifespan of this group was 70.0 ± 1.76 
years (27–109 years; Figure 1). As 
lifespan is affected by genetic and 
socio-economic factors, we compared 
the lifespan of eunuchs with the 
lifespan of men from three non-eunuch 
families of similar social status, who 
lived during the same time periods 
(Supplemental information). The 
average lifespan of the non-eunuchs 
ranged from 50.9 to 55.6 years (age 
range: 15–100 years for the Mok, 13–95 
years for the Shin, and 20–81 years for 
the Seo family), which was significantly 
less than the lifespan of the eunuchs 
(Figure 1). Furthermore, the inter-
quartile range for the eunuch group 
(19 years) was more compact than 
those of the Mok, Shin and Seo families 
(26, 24 and 23 years, respectively). 
Interestingly, out of the 81 eunuchs, 
three were centenarians, aged 100, 101, 
and 109 years. The current incidence of 
centenarians is one per 3,500 in Japan 
and per 4,400 in the United States. 
Thus, the incidence of centenarians 
among Korean eunuchs is at least 130 
times higher than that of present-day 
developed countries. Can the different 
living circumstances of eunuchs be 
attributed to the lifespan difference? 
Except for a few eunuchs, most lived 
outside the palace and spent time 
inside the palace only when they were 
on duty. Notably, the average lifespan of 
kings and male royal family members, 
who spent their whole lives inside the 
palace, was 47.0 ± 3.21 and 45.0 ± 2.79 
years, respectively. 

The disposable soma theory posits 
that resources are competitively 
allocated between somatic repair 
and reproduction and that somatic 
aging occurs at the expense of 
reproduction [10]. However, there have 
been contradictory results regarding 
the existence of such a trade-off in 
humans [1,2]. Our study supports the 
hypothesis that a trade-off may exist 
between longevity and reproduction 
in humans. One study [7] reported 

Figure 1. Lifespan of Korean eunuchs and 
normal men.
The lifespan of eunuchs and non-eunuchs dis-
played as box plots. The box encompasses 
the 25th–75th percentile of the data with the 
median shown as a solid horizontal line. 
The top and bottom lines indicate the maxi-
mum and minimum lifespan for each family, 
respectively.

that castrated men residing in a 
mental hospital lived 14 years longer 
(69.3 vs. 55.7 years) than intact men in 
the same hospital, a lifespan increase 
similar to that seen in our study (70.0 
vs. 50.9–55.6 years). In conclusion, 
our study supports the idea that 
male sex hormones decrease the 
lifespan in men. Similar studies on 
eunuchs in other cultures could be 
helpful for understanding of aging and 
reproduction in humans.

Supplemental Information
Supplemental Information including 
experimental procedures and a table can be 
found with this article online at  
http://dx.doi.org/10.1016/j.cub.2012.01.012.
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Interventions for healthy ageing III

Systemic ageing: Are there endocrine factors (e.g. hormones, growth factors) 
that determine the ageing of tissues?



Reduced growth hormones in ageing

Growth hormone IGF-1

Carter et al., 2002



Parabiosis:  
Can circulating factors from young donor blood rejuvenate old animals?

Kaiser, Science 2014



From Parabiose and blood transfusions to application of specific factors

Laviano NEJM 2014
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Conclusions
1. The soma ages, the germline can be immortal 
2. Our gene pool has not been selected for extreme longevity 
3. Accumulation of damage with aging impairs functioning of cells 

and tissues 
4. Genetic pathways regulate longevity 
5. Diet and lifestyle can impact aging and aging-associated 

diseases 
6. Interventions will influence cell renewal and maintenance 

depending on cell types 
7. Paradigm shift in medicine: Instead of treating disease, 

maintenance of health will be therapy target


