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PEROXISOME

P450 A
FADH, \ oxidase oxidases
oxndase
NADPH

Cu,Zn-SOD
NADPH H202

o2 Fe2+

Cu*

@ Xanthine

oxidase

O,

.

0O, channel

mitochondrial electron

transport chain @
O, Hypoxia >0y

*Mn-SOD

» H,0,

H
D




Cytosol

Outer membrane

Intermembrane space

H*

Sites of O, generation in mitochondria matrix

20, —#ili80D) 0, +H,0, H,0,— @00 H,0,— iR ) —> 21,0

eH" 2GsH —




Extracellular sources of ROS-
Radiation,Xenobiotics

Intracellular sources of ROS

Metabolizing

SHLZYICS cyclo oxygenase
chondria xanthine oxidase

Peroxlsom\

Warburg
Effect

Apoptosis
Autophagy
-~ ADPH Drug Resistance
’ ' ¢ #oxidase Tumor DNA damage
' ;: ’ Progression
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FREE RADICALS
(CELLULAR INJURY OF DEATH)

Radiation and chemical injury
Cellular aging

Microbial killing by phagocytic cells
Inflammatory damage

Tumor destruction by macrophages

or & W=

1. Antioxidant nutrients
B-carotene, vitC and E, selenium, flavonoids

2. Antioxidant enzymes

Glutathione peroxidase (GSH), superoxidase dismutase (SOD),
Catalase
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— Meat-cookingandcancer

Cooking meat at high temperatures creates chemicals that are not present in uncooked meats.
Heterocyclic amines (HCAs) are chemicals linked to cancer that are formed when meat is
exposed to high temperatures. Four factors influence HCA formation:

Type of food

HCA iIs found in cooked muscle meats.
Other protein sources (milk, eggs, tofu,
and organ meats such as liver) have little
or no HCA naturally or when cooked.

Temperature
Cooking temperature is the most

iImportant factor in reducing the
formation of HCA. Cooking in an oven at
400" Fahrenheit or less; or stewing, boiling,
or poaching at 212" Fahrenheir or less
forms one-third of HCAs versus meats
prepared by frying, broiling, or grilling.

Cooking method

Frying, broiling, and barbecuing produce
the largest amounts of HCA—these
methods have higher than recommenced
cooking temperatures. Microwaving
meats for 2 minutes helps to decrease
HCA. Meats that are microwaved before
frying, broiling, or grillilng have a 90
percent decrease in HCA content.
Marinating meats before cooking also
inhibits the production of HCA.

Time

Meats cooked well done (no pink
remaining in center) have more HCA than
those cooked medium.

Pressure cooking and steaming is better
22




Carbohydrates and cancer

e Cancer cells in a tumor like to eat and

will alter the metabolism of the body to get more.

* A diet In which most of the calories came from
IS also rich In many
other nutrients that can

23
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Proposed model of high-glucose-treatment-induced KRAS

mutations in pancreatic cells
Normal glucose

~N

dNTPs

High glucose

Increase of protein
€NETEY pna re|¢olication o-GIcNAcylap'tiOn

and repair —_—
glucose Decrease of dNTP pools

PPP pathway /

NDP
glucose o Replication stress

energy

1"‘""““"“" ® and repair error

Fep A

Low PFKll < 4 RRM1 DNA damage
activity T O-GlIcNAcylation

A )
T PFK1 Pathway ™~ UDP-GlcNAc A dNDP ), KRAS mutations
0O-GlcNAcylation /
! —— dNTP, ¢

Lactate ) \
Glycolysis pathway,  Replication stress

KRAS mutations

Pancreatic tumorigenesis

Environmental selection L, tumorigenesis
High-glucose conditions in pancreatic cells




Cancer and lipids

. fats inhibiting the Immune system,
stimulating the multiplication and spread of
cancer cells.

* Linolenic acid ( fatty acid): PGE,
precursor reduces the ability of macrophage

and natural Killer (NK) cells to kill cancer cells
and tumor.

* Linolenic acid ( fatty acid): —

26
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Food sources of antioxidants

Carotenoids

Beta-carotene—carrot, broccoli, sweet potatoes, greens (dandelion, turnip, beet,
spinach), squash (butternut, Hubbard), red bell peppers, apricots, cantaloupe, mango

Alpha-carotene—greens (see above), corn, green peppers, potatoes, apples, plums,
tomatoes

Lycopene—tomatoes, watermelon, pink grapefruit
Vitamin C

Bell peppers (red and green), guavas, greens (see above), broccoli, Brussels sprouts,
cauliflower, strawberries, papayas, oranges and grapefruits and their juices

Vitamin E

Polyunsaturated vegetable oils, seeds, nuts, fortified cereals, greens (see above), tomato
products

Selenium

Wheat germ, Brazil nuts, whole-wheat bread, bran, oats, turnips, brown rice, orange
juice

30




Allyl sulfides May protect against

. . \ - : coronary artery disease,
’ E{ﬁ 7 AFp (3 war Garlic, onions, leeks abnormal blood clotting,

) cancer
Alpha-linoleic acid
o- 7 Fr

Anthocyanosides

Flaxseed, soybeans, walnuts Decreases inflammation

Eggplant, oranges, blueberries  May protect against cancer

i .
Capsaicins

iSCY

Chili peppers Topical analgesic

: . May protect against
Carotenoids g+ & § %, o _
including lycopene (% 3= Orange, red, yellow fruits; many coronary artery disease,

: vegetables, including tomatoes  macular degeneration, and
4), lutein (3 3) J J ey J

Catechins 52 % % Tea (especially green tea) May protect against cancer

Whole-wheat flour, bran, May protect against colon
Cellulose % s % (fiber)  cruciferous and root vegetables, cancer, coronary artery
legumes (& % ), apples disease 31




Phytochemicals (2)

Carrots, citrus fruits (# % #), May protect against blood
parsley clots

Ellagic acid £ i g};g\évet:erl;glse& raspberries,

Coumarins 3 & %

May protect against cancer

Flavonoids %g§ fk

(including resveratrol Citrus fruits, onions, apples,

May protect against cancer

i FEMB) grapes, wine, tea

Gums %% (fiber) Oats, barley (+ %), legumes May prevent colon cancer

I(}Iiebne];():ellulose #RR  Bran, whole grains May prevent colon cancer

Indoles il Cruciferous vegetables May protect against cancer

May diminish menopausal
symptoms; may protect
Isoflavones = LR Soybeans and soy products against cancer, may lower
blood lipid levels, may
improve bone health

&2




Isothiocyanates & £
tp3

Lignins + & &
(fiber)

Monoterpenes ¥ i

Pectin % #% (fiber)

Phenolic acids g &
Protegse inhibitors
3-v fE g R
Phytosterols

e FH %

Saponins & %

Phytochemicals

Cruciferous vegetables

Whole grains, oranges, pears,
broccoli, flaxseed

Citrus fruits

Apples, citrus fruits,
strawberries

Brown rice, green tea

Solybeans, all plants
Legumes, cucumbers

Garlic, onions, licorice, legumes

(3)

May prevent lung, esophageal
cancer

May protect against cancer

May protect against cancer
(pancreatic, breast, prostate
tumors)

May protect against cancer,
coronary artery disease, diabetes

May protect against cancer

May protect against cancer

May help prevent coronary
artery disease and breast cancer

May protect against cancer
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How Foods

foods can interfere with each of these steps

Step 1: Initiation

AR ©) cancer risk:
The processing of
oxygen produces

LEUS toxic agents called

free radicals
which can damage
acell's DNA

Food tip: Antioxi
dants, such as the
volyphenols in green tea and the lycopene
n tomatoes, help neutralize free radicals
/itamins C, E and beta carotene are also
kood antioxidants

ANTIOXIDANTS

T'omatoes may
help neutralize
toxic agents
that dam
age DI

What does
bod have to
» with all
his? Quite a
t, by most es .
nates. “Humans -
it two to three
unds of food into their bodies every day,”
ys Koo. “It's our greatest contact with the
wironment.” Population studies have con-
tently linked a high intake of plant foods
a low risk of cancer. And as molecular bi-
ogists have discovered during the past
teade, the compounds contained in those
ds can work in very specific ways to block
e development of tumors. No one is hold-
3 up green tea and garli adequate treat
nts for advanci isease. The goal of the
w prevention diets is to reduce the need
- such treatments. As Gaynor puts it, eat
1 the right foods is “as specific to stopping
Incer before it starts as w aring a seat belt
o lowering your risk of a fatal automobile
vident.”

NEWSWEEK NOVEMBER 30, 1998

—e
Fight Cancer
,dlNCEel
‘.I').u- m:uwlh of a malignant tumor is a long, slow process that involves three key steps: the
initiation of potentially cancerous changes in a cell's DNA, the promotion of uncontrollec

growth in a damaged cell and the progression of a cancerous lesion into a mass that can
invade other tissues. Preliminary evidence suggests that nutrients found in particular

PROCARCIN ) cancer risk:
Most cancer
causing chemicals
enter the body as
procarcinogens
In order to become
full-fledged car

PHASE 1 cinogens, capable
ENZYMES
CARCINOGENS

of damaging
cellular DNA, they
must first be broken down by phase I en
zymes produced in the liver

PHASE 11 Food tip: Garlic
ENZYMES
contains chemicals

called allyl sulfides

which help limit the
production of phase

I enzymes. In
addition to phase I
enzymes, the liver
LA produces phase IT
enzymes to cart off
the dangerous residue phase I's leave be
hind. Broceoli, cauliflower and other crucif
erous vegetables are rich in a chemical
called sulforaphane, which boosts pro
duction of phase II enzymes

Fruits and vegetables are loaded
with antioxidants. Vitamins C, E and
beta carotene can all help neutralize the

free radicals that degrade cellular DNA
They even help protect each other, C pre
venting oxidative damage to E, and E block
ing the oxidation of beta carotene. But vita
mins are just the beginning of the antioxidant
story; researchers have recently identified
several plant chemicals that may have far
stronger effects. Grapes and red wine are
rich in an antioxidant called resveratrol,
which reduced the incidence of skin tumors
in mice by 88 percent in one recent study
Green tea contains several potent antioxi
dant chemicals known as polyphenols, Re
searchers estimate that one of them, a com-
pound called EGCG, has 20 times the
radical-quenching effect of vitamin E, and
500 times the effect of vitamin C.

Then there’s lycopene, the pigment that
gives tomatoes their blush. You can't get
much lycopene from a raw tomato; it's too
tightly bound by the fruit's proteins and

Garlic helps limit the production of
cancer-causing chemicals

Broccoli con
tains chemicals
that remove
carcinogens
fram cells

fibers. But cooking

frees it for absorp

tion by the body,

and dietary fat helps

carry it into the

bloodstream. If that's

not reason enough to en

joy some tomato sauce with a dash of
olive oil, consider this. In a 1995 study of
18,000 men, Harvard researchers found
that those who ate 10 servings of tomato
rich foods every week cut their risk of
prostate cancer by nearly half, Other stud
ies suggest that lycopene may help ward
off cancers of the breast, lung and di
gestive tract

F YOU DO MAKE TOMATO SAUCE, DON'T
forget to add some garlic. Just as Iy
copene helps ward off oxidative dam
age, the allyl sulfides found in garlic,
chives and onions may help the body
process cancer-causing chemicals more
safely. You'll recall that the liver’s phase I

) cancer risk: If the first-line

defenses fail and a cell undergoes poten
tially cancerous changes, the body's best
defense is to destroy it or, barring that
keep it from dividing rapidly. The

omega-6 fatty acids that abound in corn oil
and safflower oil seem to promote rapid
cell division

DAMAGED MEGA-6 Food tip.
DNA FATTY ACIDS gmega-3 fatty
’ acids in flax and
fatty fish may
thwart tumor
growth by crowd
ing other fats out

of cells
OMEGA
FATTY ACIDS
Flaxseed may lock

bad fats out of cells

enzymes break down potential carcine
as they enter the body, leaving them in a
more reactive state until they're carted away
by phase IT enzymes. Allyl sulfides can mod-
ulate phase I activity, presumably reducing
the volume of debris that our cells have to
contend with. “Even modest amounts of gar
lic in the diet have a marked impact on me-
tabolism,” says nutritionist John Milner of
Pennsylvania State University. You don't
have to cook the clove to get the effect, but the
allyl sulfides won't fully form unless you cut it
up and let it sit for 10 minutes. Milner sug:
gests buying aged garlic extract, which has
shown the most potency in lab studies
Garlic isn't the only food that could help
you handle carcinogens more deftly. Just
as garlic can dampen phase I activity,"cru
ciferous vegetables such as broccoli, cauli-
flower and cabbage may boost production
of the phase II enzymes that cart away
chemical debris. The credit goes to sul
foraphane, a sharp-tasting chemical that
insects (and some humans) find repellent

0 Cancer risk:

Reproductive tis

Soy may protect
reproductive tissues

sues are particu
BODY'S WEAK

£ ance e
rly cancer-pron ESTROGE ESTROGEN

because they di
vide rapidly when
triggered by the
body's own sex
hormones. Estro
gen promotes fast
growth of breast Wi

cells in women RECEPTORS
Food tip: Soy

products contain

chemicals called

isoflavones, which

act as we

estrogens and

leave less room for

strong ones

Johns Hopkins pharmacolo
gist Paul Talalay discovered six
years ago that sulforaphane could activate
a gene that boosts production of important
phase II enzymes. To test its protective ef
fects he injected rats with a potent carcino
gen called DMBA, and gave some of them
sulforaphane as well. Tumors cropped up
in 68 percent of the untreated animals, yet
only 26 percent of those on high doses of
sulforaphane got sick. Does that prove that
broceoli prevents cancer in people? Of
course not, but it provides a good excuse to
munch some

It also points to the need for seeking
other safeguards. Suppose the green tea
and red wine, the tomatoes, the garlic and
the broccoli aren’t enough to keep one of
your cells from running amok. Could other
foods affect the odds that a precancerous
lesion will blossom into a tumor? Dietary
fat may play an important role. Precancer
ous prostate lesions are equally common
throughout the world, notes Dr. William

Step 3: ngressjoq

Cancer risk: If all other defenses fail and a
damaged cell spawns a tumor, the question
is whether it will build itself a blood supply
and invade surrounding tissues. Tumor
cells release growth factors that promote
the development of new blood vessels, a
process known as angiogenes
T
NI ‘\\
BLOOD

COX-2

GROWTH INHIBITORS

FACTORS

Food tip: So-called cox-2 inhibitors, such
15 the resveratrol in red grapes and the
curcumin in turmeric, may suppress the
tumor’s production of growth factors

Red grapes may
inhibit blood:
vessel growth

Fair, a urologist at Memorial Sloan-Ket
tering. Autopsy studies find them in near
ly a third of all men in their 30s. Yet ad
vanced tumors are six «times mor
common in the United States (where fal
accounts for nearly 40 percent of calorie
than in Japan (where it accounts for les
than 20 percent). Breast-cancer incidenc:
follows a similar pattern. And lab studie|
have shown that tumor cells behave les
aggressively in animals on low-fat diet
than in those fed higher-fat fare

But total fat intake is only part of the stc
ry. Many experts now agree that the type ¢
fat you consume is as important as thi
amount. Saturated fat, for all-the havoe
wreaks on the heart and blood vessel
doesn’t seem to affect cancer risk one wa

NOVEMBER 30, 1998
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Tofu treatment (soy products)

* A cup of soybeans contains
* twenty-eight grams of protein (half the RDA)
fiber
zinc
vitamin B
half a day’s supply of iron
 loads of highly absorbable calcium

* Inhibit breast cancer by
, thereby blocking the cancer-
promoting action of estrogen

* Many phytochemicals: phytoesterols, saponins,
genistein, daidzein, protease inhibitors.

36




A RS BP7 T R4

A RSB T 4

XRG4 P T e

100% RERWE & A 2£10%~80%

FRLFNFHL SPERAL ERAHS - REELL




38




39




40




Holc

perts suggest that to

In nationwide studies, people who lower cancer risk, fat

t the fewest fruits and vegetables
are roughly twice as likely to get
cancer —from lung to
colon—as those who

should constitute no
more than 20 percent
of total calories

consume the most. Cul
the cheesecake. &1/, w' X ' W ) y Y :
A1l : Soda is nothing but
empty calories. Try

Charred meat green tea. It has no,

contains a hash calories —and

of carcinogens; boasts cancer-fight-

among them are com-
pounds called hetero-

ing polyphenols.

cyclic amines.

—e Iceberg lettuce is a
nutritional weak-
ling. And drenching
it in Thousand Is-
land dressing loads




Low-Risk Dinner

[t's no secret that a low-fat diet with

lots of fresh fruits and vegetables can
help prevent heart disease. Now sci-
entists are showing that it may

also protect against cancer.

So your mother was right:

eat your broccoli.

Not all fats are bad

for you. The omega-3
oils in tuna steak, '
salmon, mackerel

and sardines appear
to be protective.

T

The fiber in beans
fights colon cancer.
And the genistein in
tofu appears to pack
a disease-prevent-
ing wallop.

———————

Though alcohol
may promote can-
cer, the resveratrol
in red wine and
grape juice stems
oxidative damage.

ifers like
broccoli contain sul-
foraphane, which
boosts key cancer-
fighting enzymes.
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