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1.CANCER AND AGING ARE THE SAME SIDE OF THE SAME COIN
a) mechanisms of cancer
b) mechanisms of aging
c) rate of cancer increases with age not linearly
d) why older coins have higher cancer value
2. CALORIC RESTRICTION COUNTERACTS AGING: HENCE IT CAN
COUNTERACT CANCER
3. THE MECHANISMS OF THE ANTIAGING AND ANTICANCER EF-
FECTS OF CALORIC RESTRICTION (CR)
a) CR activates autophagy and removes defective cells by enhancing
apoptosis
b) CR degrades hypertrophic reticulum and prevents the age-related
increase in phase | and Il activities
c) CR prevents the aging-dependent increase in oxidative stress
4. ADDITIONAL ANTIAGING INTERVENTIONS POSITIVELY INTERACT
WITH THE ANTIAGING-ANTICANCER EFFECTS OF CALORIC RE-
STRICTION
a) physical activity
b) fruit and vegetables and other antioxidants
c) polyunsaturated fatty acids
5. CONCLUSIONS



1.CANCER AND AGING ARE THE SAME SIDE OF THE SAME COIN
a) mechanisms of cancer
b) mechanisms of aging
c) rate of cancer increases with age not linearly
d) why older coins have higher cancer value



THE ROOT OF ALL EVIL (Weindruch & Sohal, 1997) : THE MECHANISMS
OF OXIDATIVE STRESS-MEDIATED INJURY AND FAILURE OF REPAIR

1% of the used oxygen
generates reactive spe-

cies (ROS) and lesions.

Acculation of not re-
paired lesions may
change structure and
function of older tis-
sues;

lesion of special genes
may initiate cancer.
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A FEW NUMBERS (IN HUMANS)

Oxygen consumption (I/day) 120

Oxygen consumption (moles/day) 4.8

Generated ROS per day 0.48 x 6.022 x 10723 0.2 x 10723

Generated ROS per cell per day 0.2 x10”8

Generated ROS per cell per s 0.2 x 1073

ROS half-life <1076
CELL INJURY

Free-radical mediated DNA lesions per cell* 1074 per day
Lesions repair® 9.999/10.000
Lesions left* 1 per day

*Karp, Cell and Molecular Biology, 2002



Oxidatively altered basis may accumulate in mt-DNA and n-DNA
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Figure 3-1. Effect of age on 8-OHdAG content of the DNA in the tissues of male
C57BL/6 mice and CR’s ability to decrease its content. The open bars denote the
difference in content between 8 and 27 month old mice. The hatched bars denote
the decreased content in the tissues of 15-month-old mice that have been on long-
term CR compared to mice of the same age on an ad libitum diet. The authors refer
to CR as D.R. (From Sohal et al., 1994a.)



Oxidatively altered not repaired proteins may accumulate in cells and tissues
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Figure 3-6. Protein carbonyl content of the homogenates of cerebellum (CER),
cortex (CTX) and hippocampus (HIP) of male (A) and female (B) BN rats at 3
months and 30 months of age. DR denotes 30-month-old rats that had been on
long-term CR. (From Askenova et al., 1998.)



Glyco-oxidatively modified collagen accumulates in tissues
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Figure 3-8. The content of advanced glycation end products (AGEs) in liver
collagen of 10- and 30-month-old female WAG/Rij rats fed ad libitum or on CR

starting at 10 months of age. The authors designate CR as R. (From Teillet et al.,
2002.)
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FIG. 10.15. Age-related changes of pentosidine in human dura mater
and skin. [Upper from Sell and Monnier (567) by permission; Lower
from Sell et al. (569), by permission.]




A few lipids may accumulate abnormally in all cytomembranes
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Linear regression and 5% fiducial limits are depicted. Regression equations are: liver: y = 0.7 + 8.4x; soleum muscle: y
=1.8+0.6x .



With most individuals,
the deleterious effects
of aging on body func.
tions are seen by age
30.

Compensatory changes
may ensue (e.g. com-
pensatory hypertrophy
adaptation in growth
factor levels)
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FIG. 1.4. Age changes in human physiological systems based on cross-
sectional studies. [Figure prepared by Shock (115). Reproduced with
permission. |

N.W. Shock, The science of Gerontology, 1962



stimulus causes genetic
alteration to cell

normal cells
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| [altered genes for
« growth factors

« growth factor receptors MECHANISMS
<= signal transduction OF CANCER

« transcription regulation
transformed * DNA repair .
* cell survival Cancerogenesis

includes:

-Initiation (gene

transformed cell proliferates i
with poor regulation of growth mUtatlon)
as a result of genetic changes and

neoplasm develops additional mutations -Promotion

-Progression

Stevens, Lowe, Scott
Core Pathology, 2009

Flg. 6.1 Events In neoplastic transformatlon. Normal cells
develop abnormallties In key genes regulating growth and are
transformed Into neoplastic cells.



Cancer is an
aging-asso-
ciated disease
No surprise if
incidence of
cancer increa-
ses after age
30 years.
However, cancer
incidence does
not increase
linearly with in-
creasing age.

Pitot, 1985

Cancer: Today
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Figure 1.2 Age-specific incidence of cancer at the most frequent sites in the
human in 1974 in the United States: (a) females, (b) males. (After Cutler et al.,
1974, with permission of the authors and publisher.)



2. CALORIC RESTRICTION COUNTERACTS AGING: HENCE IT
CAN COUNTERACT CANCER



Caloric restriction can counteract biological aging
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Figure 2-1. Survivalcurves for male F344 rats fed ad libitum or restricted to 40% of
the ad libitum intake. In the first study, survival curves were generated from 115 ad
libitum fed rats (Group A) and 115 restricted rats (Group R). In the sccond study,
conducted 4 years later, the survival curves were generated from 40 ad libitum-fed
rats (Group 1) and 40 restricted rats (Group 2). The survival curves of Groups A
and R differed significantly, as did those of Groups 1 and 2 (P> 0.01). The survival
curves of Groups A and 1 did not differ significantly nor did those of Groups R
and 2. (From J. Gerontol. 40: 657-670, 1985; Copyright © The Gerontological
Society of America. Reproduced by permission of the publisher.)



No surprise if caloric restriction can delay onset and decrease cancer incidence
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FIG. 3.3. Influence of dietary restriction started at 3 wk of age on life span and tumor incidence of female
mice from the long-lived C3B10RF; hybrid strain. Survival curves are those for the 85 kcal/wk (control)

and 40 kcal/wk (diet-restricted) cohorts shown in Figure 3.1. Circles show the age of death for tumor
bearing mice. [Adapted from (63) with permission.]



WHAT ABOUT MECHANISMS?



3. THE MECHANISMS OF THE ANTIAGING AND ANTICANCER EF-
FECTS OF CALORIC RESTRICTION (CR)
a) CR activates autophagy and removes defective cells by enhancing
apoptosis
b) CR degrades hypertrophic reticulum and prevents the age-related
increase in phase | and Il activities
c) CR prevents the aging-dependent increase in oxidative stress



Both EOD and CR cause alternation between

fed and fasted

late autophagy
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AUTOPHAGY IS ACTIVE OI:I INTERVALS BETWEEN MEALS!

Lower levels of GLUCOSE, AMINO ACIDS, INSULIN, GFs,
higher levels of GLUCAGON and GLUCOCORTICOIDS

v
v
early lysosomal
effete  ER-derived autophagic  hydrolase _@ tubulovesicular late residual
organelle membrane
1

body 7 body autophagic body body
A Pl f

Nutrient release Selective degradation
of altered macromole-
1) See e.g. Mortimore GE, Poso AR cules and organelles

Annu Rev Nutr 7: 539-564, 1987



AUTOPHAGY = “SELF EATING” PROCESS ESSENTIAL FOR CELL REJU-
VENATION AND ANTIAGING INTERVENTION:

cells that do not receive enough nutrients from outside enter a “self-eating”
program, i.e. they target, sequestrate and digest cytoplasmic material
including older effete organelles into vacuoles, to recycle components and
provide all require nutrients. Replacement with new after feeding rejuvenates
cells. Functioning can be monitored by measuring urinary 8-OHdG excretion.

malian liver cell, If a cell is deprived of nutrients, a marked
increase in autophagy is observed. Under these conditions,
the cell acquires energy to maintain its life by cannibaliz-
ing its own organelles.

The role of lysosomes in autophagy is summarized in
Figure 8.35. Once the digestive process in the au-
tophagolysosome has been completed, the organelle is
termed a residual body. Depending on the type of cell, the
contents of the residual body may be eliminated from the
cell by exocytosis, or they may be retained within the cyto-
plasm indefinitely as a /ipofisscin granule. Lipofuscin gran-
ules increase in number as an individual becomes older;
accumulation is particularly evident in long-lived cells
such as neurons, where these granules are considered a
major characteristic of the aging process. The role of lyso-
somes in various diseases is discussed in the accompanying
Human Perspective.

Figure 8.34 Autophagy. This electron micrograph shows a
mitochondrion and a peroxisome enclosed in a double mem-

brane wrapper derived from the ER. This autophagic vacuole
would have fused with a lysosome and its contents digested. R |

(FroM DON FAWCETT AND DANIEL FRIEND/PHOTO RESEARCHERS)
1. Describe three distinct roles of lysosomes.

2. Describe the events that occur during the au-

uncommon when surveying an electron micrograph to see tophagic destruction of 2 mitochondrion.
2 mitochondrion or other organelle trapped in an au-

tophagolysosome. It is calculated that one mitochondrion
undergoes autophagy every 10 minutes or so in a mam-
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Stimulation of autophagy removes 8-OHdG-rich mitochondria and stimulates
8-OHdG urinary output and lowers oxidative stress
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Chronic CR increases urinary 8-OHdG excretion throughout life
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Fig. 4. Nuclear 8-OHAG evaluation as a function of age and caloric restriction in intestine, liver and peripheral lymphocytes. Optical density has been
quantified on about 100 randomly chosen cells from slides of tenuum mucosa, liver and peripheral lymphocytes in 12 and 24 months old rats fed ad libitum
(AL) or under caloric restriction (alternate day ad libitum feeding= AD and every day feeding with 40% reduced calorie =40%) and compared to young
animals (c). Data are mean +SD of duplicate data from three animals of each group. All samples from the same tissue were processed in a single batch.
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Fig. 3. Levels of 8-OHdG as a function of age and caloric restriction in intestine, liver and peripheral lymphocytes. Slides of tenuum mucosa, liver and
peripheral lymphocytes stained for 8-OHdG and DAB, from young contrel (4 menths) (first column), old animals (24 months) on ad libitum diet (second
column) and old animal on AD caloric restriction (third column). (d) intestine: only nuclear staining of mucosal cells has been evaluated; (e) liver: nuclear

staining is uniformly distributed throughout the lobule (f) peripheral lymphocytes. Magnification 20X,



EFFECTS OF C.R. ON INITIATION

1.Caloric restriction may prevent activation of pro-cancerogens:

Effects of aging and caloric restriction on hepatic drug metabolizing enzymes in the Fischer
344 rat. I: The cytochrome P-450 dependent monooxygenase system.
(Leakey JE, et al. Mech Ageing Dev. 1989 May;48(2):145-55)

Effects of aging and caloric restriction on hepatic drug meta-bolizing enzymes in the Fischer
344 rat. ll: Effects on conjugating enzymes.
(Leakey JA et al. Mech. Ageing Dev. 48: 157-166, 1989)

R These observations suggest that caloric restriction has multiple
effects on the hepatic phase Il drug metabolizing enzymes in the rat.
Effects may alter hepatic metabolism and activation or detoxification
of drugs and carcinogens”..

2. Chronic caloric restriction lowers oxidative stress and mutagenicity



CALORIC RESTRICTION MAY SUPPRESS CANCER PROMOTION

CR results in a consistent reduction in circulating levels of growth factors,
anabolic hormones, inflammatory cytokines and oxidative stress markers
associated with various malignancies

(Longo VD, Fontana L, Trends Pharmacol Sci 2010; 31:89-98)



CALORIC RESTRICTION MAY SUPPRESS CANCER PROGRESSION

CR delayed progression associated with reduced proliferation, reduced protein
expression ofGlut1, increased protein expression of Sirt1, increased serum
adiponectin, anddecreased serum leptin, decreased phosphorylated mam-

malian target of rapamycin and decreased serum insulin-like growth factor-1.
Lanza-Jacoby S ET AL. Exp Biol Med (Maywood). 2013 Jul;238(7):787-97

IGF1 dependence of dietary energy balance effects on murine Met1 mammary
Tumor progression, epithelial-to-mesenchymal transition, and chemokine

expression.
Ford NA et al. Endocr Relat Cancer. 2013 Jan 21;20(1):39-51

CR reduced susceptibility to tumor promotion, attenuated IGF-1R/EGFR

crosstalk anddownstream signaling, and altered levels of cell-cycle proteins

that favoredreduced epidermal proliferation during tumor progression.
Moore T et al., Cancer Prev Res (Phila). 2012 Oct;5(10):1236-46



4. ADDITIONAL ANTIAGING INTERVENTIONS POSITIVELY INTERACT
WITH THE ANTIAGING-ANTICANCER EFFECTS OF CALORIC RE-
STRICTION

a) physical activity (Derry MM et al, Front Oncol 2013, may 14; doi: 10: 3389)
(promotes cell and tissue repair, synergistic with Caloric Restriction)

b) fruit and vegetables and other antioxidants
(neutralize free radical attack, may prevent initiation and potentiate CR,
physical activity and PUFA anticancer activity (Siddiqui RA, et al. BMC Cancer.
2013 Sep 13;13(1):418.; Marchal J et al. Exp Gerontol. 2013 Sep;48(9):992-1 000)

c) polyunsaturated fatty acids (Berquin IM et al. Multi-targeted therapy of cancer
by omega-3 fatty acids. Cancer Lett 269: 363-377, 2008). A number of mechanisms
were proposed for anticancer activity including suppression of initiation,
inhibition of cell proliferation, enhancement of apoptosis and antiangio-
genicity, (Kang KS et al.,Plos One 2010; 5(4):e10296; Blanckaert V et al Int J Oncol
2010; 36: 737-742)



CONCLUSION:

A synergic, hormetic use of conventional and complimentary medicine
may provide a better way to counteract aging, prevent aging-associated
diseases, including cancer, and donate healthy longevity.



Caloric restriction improves functioning of cell repair mecha-
nisms, clears cells from altered mitochondria and older per-
oxisomes,decreases oxidative stress, and remove damaged
cells by enhancing apoptosis

Evidence for selective mitochondrial autophagy and failure in
aging. (Cavallini G et al. Autophagy. 2007 Jan-Feb,;3(1):26-7).

Results showed that drug injection rescued older cells from

the accumulation of 8-OHdG in the mtDNA in less than 6 hours,
but no significant decrease in the level of cytochrome c oxidase
activity was observed. Together,these data provide indirect
evidence that 8-OHdG might accumulate in a small pool of mito-
chondria with increasing age rather than be degraded by the
Autophagic machinery selectively.
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Exp Gerontol. 2013 Sep;48(9):992-1000. doi: 10.1016/j.exger.2013.07.002. Epub 2013 Jul 13.
Calorie restriction and resveratrol supplementation prevent age-related DNA and RNA oxidative
damage in a non-human primate. Marchal J, Dal-Pan A, Epelbaum J, Blanc S, Mueller S, Wittig
Kieffer M, Metzger F, Aujard F; RESTRIKAL Consortium. Mécanismes Adaptatifs et Evolution,
UMR 7179 Centre National de la Recherche Scientifique, Muséum National d'Histoire Naturelle,
Brunoy, France.

Oxidative stress is a key factor in the aging process and in the development of a

ge-related diseases. Because nutritional interventions such as caloric restriction (CR) delay the
onset of age-related diseases and increase the lifespan of many species, the impact of a moderate

. CR was tested on male grey mouse lemur (Microcebus murinus), which have a median survival

. time of 5.7 years in captivity. The effects of CR on these lemurs were compared with a potential

. mimetic, resveratrol (RSV), a polyphenol naturally found in grapes. We hypothesized that both CR

. and RSV impact oxidative DNA and RNA damage compared to standard-fed control (CTL) animals.
. Adult (3-4 years old) male mouse lemurs were assigned to three dietary groups: a CTL group, a CR

group receiving 30% fewer calories than the CTL and a RSV group receiving the CTL diet

. supplemented with RSV (200 mg-day(-1)-kg(-1)). Oxidative stress was estimated after 3, 9, 15 and
. 21 months of treatment using the measurement of oxidized nucleosides in urine samples by mass

. spectrometry. The resting metabolic rate, adjusted for changes in body composition, was also

. measured to assess the potential relationship between oxygen consumption and oxidative damage
. markers.

. This study provides evidence for oxidative stress accumulation with age in grey mouse lemur.

. Dietary interventions resulted in a short-term increase in oxidative stress levels followed by reduced
. levels with increasing age. Moreover, in this photoperiod-dependent heterotherm primate, seasonal
. variations in oxidative stress were observed, which was likely due to a season-dependent, cost-

. benefit trade-off between torpor use and oxidative stress.
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