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Effects of Tomatoes and Lycopene on Prostate Cancer
Prevention and Treatment
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Abstract

Prostate cancer is a leading cause of cancer death in American men and evidences point to significant life
style/diet components as risk factors for its development or prevention. Two large cohort studies have iden-
tified the consumption of tomatoes or high plasma levels of lycopene as associated with reduced risk. A number
of other substances such as quercetin, phytoene, phytofluene, cyclolycopene, salicylates and tomatine in tomato
besides lycopene could have anticancer activity and may be acting synergistically with lycopene. Lycopene,
at almost physiologically feasible concentrations, reduces cell viability by cell cycle arrest and apoptosis and
modulates the cyclin pathways as well as increasing intercellular communication. However, it is not clear
whether lycopene or its oxidation products are more bioactive. Tomato product supplementation results in
plasma accumulation of phytoene, phytofluene, the lycopene oxidation product, and cyclolycopene at significant
concentrations and lycopene supplementation, either as a tomato product or as beadlets, results in maximal
mean plasma lycopene concentrations of ~1 UM which is at the lower limit of its activity in cell culture. Rats
and mice are poor accumulators of lycopene and other carotenoids making them poor models for the study of
cancer prevention and control. Of the 19 animal studies for various cancer sites, lycopene showed a positive
effect in 10 studies but negative in 2 prostate cancer studies. In vivo prevention of leukocyte DNA damage
in humans has been mostly studied using tomato product supplementation but lycopene supplementation appeared
to reduce oxidative DNA damage as well as tomato product supplementation. Lycopene appears to be bioactive
in interfering with carcinogenesis but the actions of phytoene, phytofluene or cyclolycopene cannot be ruled
out since these compounds were present in most of the lycopene material used for these studies. Although
lycopene remains as a promising agent, especially for cancer control, exploring interactions with other tomato
phytochemicals and with current prostate cancer therapies should be encouraged.
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Table 1. Dietary factors associated with risk for prostate
cancer

Increased risk Decreased risk

Soy products (isoflavonoids)
Selenium

Eicosapentaenoic acid (EPA)
Docosahexaenoic acid (DHA)

Total energy
Total fat
Saturated fat

a —Linolenic acid

Meat (red) Vitamin D
Dairy products Vitamin E
Lycopene
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Table 2. Phytochemicals in tomato products with possib]s
anti-cancer activites (mg/100 g)

Phytochemical Fresh/ Tomato sauce
canned tomato

Lycopene 3.02 1597

Phytoene 1.9 (canned) 3.0°

Phytofluene 0.8 (canned) 1.3

B-carotene 0.2 (canned) 05

y —carotene 1.5 (canned) 3.2

zeta—carotene 0.2 (canned) 0.8

Neurosporene 1.1 (canned) 7.0

Cyclolycopene 0.1 (juice)”

Quercetin (free) 0.1~0.2 38~95"

Quercetin (conjugated) 1.2~215 10.9~61.4

Kaempferol (free) 0.1~03 0~0.6

Kaempferol (conjugated) 01~13 02~1.3

Naringenin 0.8~45" 25"

Chlorogenic acid 09~4.2 0.7

Caffeic acid 0.1~0.7

4 -coumaric acid 0.2~0.4

Ferulic acid 0.1~0.2

Ascorbic acid 5.0~14.0

a —tocopherol 05

Salicylates 0.94~25"

Tomatine 0.5”

"Values vary widely by variety, harvest time, method of prod-
_uct production. Values are rough estimates.

PUSDA-NCC Carotenoid Database for U.S. Foods-1998.
PBeecher GR. PSEBM 218: 98-100 (1998).

YPaetau I et al. Am J Clin Nutr 68: 1187-95 (1998).
Stewart AJ et al. J Agric Food Chem 48: 2663-9 (2000).
®Raffo A et al. J Agric Food Chem 50. 6550-6 (2002).
"Bagianesi R et al. J Nutr 132: 1349-52 (2002).

¥Swain AR et al. J Amer Dietetic Assoc 85 950-60 (1985).
PFriedman M. J Agri Food Chem 50: 5751-80 (2002).
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3}xl glo]z=#al cyclolycopene?] AMs}&zIA| 249 E3pE
sFAlgke}. Cyclolycopene®] 4F3EZ1A 2 2H4-38H%] 28] 12
o] Fdeo] AP Ao A FA| ol A= oA 74| 3
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Table 3¢ Sl AFAD 5 IHUY 27HE60)E 0] SASEA, o]z At T 2ol 2 72
gk Zloltt T A BT AYHA Bo|gde] x4y role ATEAE4 phytoenes} phytofluened] Abs& 3}
a2, A% A 2] surgical marginel| A &} e} Aol wpg Aol o 213 Z1A) = ok 7hA] Mg u gleh. oo et 24
£ efolzal Tl WHE A0E MeiNo} AP Belgal 3} Bzl BrbE TR S Fu/FAT 27
FE2 7t AFaAd o) glel AR A AFs] W) EeF(prostate ¢l #&EA, 3] quercetin, salicylates, 2] 2 tomatine®l|
intraepithelial neoplasia, PIN)<] 7} 4+ A Al1¢k o)}l ) T & o] & QAyr} dasie) A F7A Y] AFE2 A
oA ol male] kg A el Fuodch ek A EE FolAvt Ayl BAE Wt A 37
Table 3. Effect of lycopene or tomato sauce supplementation on intermediate endpoints of carcinogenesis (means)
Kucuk et al. (39) Placebo Lycopene p value
Number of subjects 15 11 0.02
No cancer at surgical marginsl' 18% 73% 0'22
Tumors <4 mL . 45% 84% 0'05
High grade PIN” , 100% 67% NS
Change in plasma PSA” 14% 1 18% | 0.13
Connexin 43 expression 0.25 abs 0.83 abs 0'15
Plasma lycopene (after) nM 0.33 0.44 0'02
Prostate lycopene (after) nmol/g 0.36 0.53 ’
Bowen et al. (60) Before tomato sauce After tomato sauce p value
Number of subjects . _
Leukocyte 8-OHAG/2-dG % 107 2‘8 6130 g";g 0.0006
Prostate 8-OHAG/2-dG <10 : :
Ref Group prostate 8-OHdG 1.06 0.03
o e OHAG. oD 22.1% 13.2% 0.005
ancer cell nucier o : 0.8% 2.7% 0.01
Carcinoma apoptotic index 09 87 0.001
Serum PSA ng/mL 10. ’ ’
‘S 1 - M 0.64 1.26 0.0001
erum lycopene 0.28 0.82 0.001

Prostate lycopene nmol/g

}’Cancer at the surgical margins in more likely to lead to mortality.
'“)’PIN = Prostatic intraepithelial neoplasia, thought to be a precancerous lesion.

¥PSA = Prostate specific antigen, a protein biomarker of prostate cancer.
4'8 OHdG/2-dG x 10° = Is the ratio of the DNA oxidized nucleic acid 8-OHdG to its unoxidized nucleic acid, dG.
A reference prostatectomy group (n=7) who did not participate in the study.

Stammg optical density (OD) of cancer cell nuclei using a monoclonal antibody of 8-OHdG.
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