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As part of a randomized placebo-controlled study to evaluate
the effect of lycopene supplementation on DNA damage in men
with prostate cancer, a nonrandomized 5th arm using tomato
sauce was included and reported here. Thirty-two patients with
localized prostate adenocarcinoma consumed tomato sauce-
based pasta dishes for 3 weeks (30 mg of lycopene/day) before
thelr scheduled radical prostatectomy. Prostate tissue was ob-
tained as biopsies at baseline and as resected tissue at the time
of the prostatectomy. Serum and prostate lycopene, serum
prostate specific antigen (PSA) concentrations, and leukocyte
DNA 8-OH-deoxyguanosine/deoxyguanosine (80HdG) were
measured at baseline and at the end of the intervention. Cancer
cells in paraffin sections of prostate biopsies and postinterven-
tion resected tissue were compared for 80HdG staining and for
apoptosis. Adherence to the daily consumption of tomato-
based entrees was 81.6% of the intended dose, and serum and
prostate lycopene concentrations increased 1.97- and 2.92-fold
(P < 0.001), respectively. Mean serum PSA concentrations de-
creased by 17.5% (P < 0.002) and leukocyte 80OHdG decreased
by 21.3% (P < 0.005) after tomato sauce consumption. Resected
tissues from tomato sauce-supplemented patients had 28.3%
lower prostate 80HdG compared with the nonstudy control
group (P < 0.03). Cancer cell BOHdAG staining of Gleason Score-
matched resected prostate sectlons was reduced by 40.5% in
mean nuclear density (P < 0.005) and by 36.4% in mean area
(P < 0.018) compared with the presupplementation biopsy.
Apoptotic index was higher in hyperplastic and neoplastic cells
in the resected tissue after supplementation. These data taken
as a whole indicate significant uptake of lycopene into prostate
tissue and a reduction in DNA damage in both leukocyte and
prostate tissue. Whether reduction in DNA damage to prostate
cancer cells is beneficial awaits further research, although re-
duction in serum PSA concentrations is promising. Exp Biol Med
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mato product consumption observed in some U.S.

cohort studies (1, 2) has raised the possibility that
tomato products or lycopene, their most visible component,
may be useful in the prevention or control of prostate can-
cer. The experience of the -carotene intervention trials for
the prevention of lung cancer, where increased risk was
found among current smokers (3, 4), has prompted a more
cautious program for the development of lycopene as a
promising chemopreventive agent. Among the questions
that must be answered before lycopene is seriously consid-
ered for clinical trials are: whether lycopene reaches the
prostate in sufficiently high concentrations to be function-
ally active; what are the possible mechanisms of action in
the prevention or reversal of carcinogenesis; what activities
may lead to adverse effects; and what are the best biomar-
kers to follow efficacy in a clinical trial? To that end, we
embarked on a research program to characterize lycopene
uptake in the prostate and to explore one of the most plau-
sible mechanisms of action, the possibility that lycopene
acts as an in vivo prostate antioxidant. Ongoing coordinated
studies involve the pharmacokinetics of multiple doses of
lycopene delivered as a tomato-based product or as supple-
ment-based lycopene, prostate cell line studies of lycopene
uptake, DNA damage and apoptosis, and short-term clinical
studies using a presurgical or biopsy model to evaluate ly-
copene uptake, isomerization, and reductions in DNA dam-
age. This preliminary report summarizes a tomato sauce
intervention in one of the clinical studies.

Lycopene outperforms a number of tested carotenoids
and vitamin E in several in vitro antioxidant systems, espe-
cially those that generate singlet oxygen (5), but it is more
likely to be a pro-oxidant in peroxide-generating systems.

The lower risk of prostate cancer associated with to-



(6) Short-term tomato product feeding in humans has led to
decreases in lipid peroxides (measured as thiobarbituric
acid-reactive substances [TBARS]) (7), DNA strand breaks
in circulating lymphocyte DNA (8, 9), and a trend toward
decreased nucleoside damage in the form of 8 hydroxy-
deoxyguanosine/2'deoxyguanosine (80HdG/dG) in circulat-
ing leukocytes (7, 10), pointing to in vivo antioxidant activity.

The role of a pro-oxidative state, through the formation
of oxidative products of DNA, in the forwarding of carci-
nogenesis is hardly questioned, despite the largely circum-
stantial flood of reports and observations (11-13). Of the
Several approaches to the measurement of oxidative DNA
damage, one of the most appreciated is the measurement of
80HJG, which can be formed in DNA by several reactive
Species. It has been shown to be mutagenic and is quickly
removed from DNA and excreted in the urine (14). There-
fore, its residual presence in the DNA of normal and neo-
plastic tissues is the result of the imbalance between oxida-
tive attack and DNA repair. The prostate may be particu-
larly vulnerable to oxidative attack because of greater
chronic inflammation of prostate epithelial cells and faster
cell turnover and its lower levels of DNA repair enzymes
(15) compared with other tissues.

Here, we review a series of preliminary studies on
blood and prostate tissue collected from patients with pros-
tate cancer who received tomato sauce in the form of pasta
entrees prior to surgery to explore the in vivo role of lyco-
Pene, or some other tomato ingredient, as an antioxidant
Capable of protecting DNA from oxidative damage.

Study Design and Methods

The reported study constituted a 5th unrandomized arm
of an ongoing trial of 60 men with adenocarcinoma of the
prostate (clinical stage T1 or T2) who have elected prosta-
tectomy as their treatment and 60 men with serum prostate
Specific antigen (PSA) concentrations of =4 ng/ml but are
biopsy negative for adenocarcinoma. Each group is random-
ized to receive either 30 mg/day lycopene as tomato oleo-
resin (Lyc-o0-Mato; Lyco Red-Bodura, New York, NY) or
Placebo for a 3-week period, and is double-masked. This
Portion of the study is ongoing. The 5th arm was composed
of 32 men with adenocarcinoma who received 30 mg/day
lycopene as tomato sauce baked into pasta entrees. This
Preliminary report analyzes data before and after treatment
for only this whole-food intervention.

Study Subjects. All the men had newly diagnosed
Stage T1 or T2 adenocarcinoma and had not received hor-
mone therapy. Because there was insufficient biopsy mate-
tal to measure both lycopene and 80OHAG/dG by electro-
Chemical analysis, resected prostate tissue was collected
from seven prostatectomy patients from the same patient
Population who were not study participants and from 50
men with >4 ng/ml serum PSA concentrations but biopsy
Negative for prostate cancer or who were not candidates for
Prostatectomy, constituting two additional comparison
groups. All patients gave informed consent prior to study

participation. Both studies were approved by the University
of Illinois at Chicago and the West Side VA Hospital In-
stitutional Review Board.

Whole-Food Intervention. Sufficient tomato sauce
(200 g of Hunt’s Spaghetti Sauce, Hunt-Wesson, -Irvine,
CA) was incorporated into four different recipes of spa-
ghetti, lasagna, and pasta shells designed to deliver 30 mg of
Iycopene, and roughly-equivalent amounts of fat, carbohy-
drate, and protein. The average energy content of the entrees
was 771 kcal. Men could select from these entrees, which
were cooked and frozen and required 10 to 15 min reheating
in a microwave oven. They consumed one entree per day for
the 3 weeks prior to their scheduled prostatectomy. The
amount and frequency of entree consumption was recorded
by shading in diagrams (25%, 50%, 75%, and 100%) of the
pasta dishes on a daily calendar. Three days of 24-hr diet
recalls were collected by telephone prior to the whole-food
intervention, and another 3 days of diet intake recalls were
obtained during the 2nd week of supplementation.

Outcome Measurements. Blood samples were
collected at baseline (approximately 2—-3 weeks postprostate
biopsy) and 1-2 days prior to prostatectomy for lycopene,
total PSA concentration, and leukocyte 8OHdG/dG deter-
mination. Body composition was assessed by bioelectric
impedance, and body weight was obtained before and after
supplementation. As part of patient recruitment, two addi-
tional fresh prostate needle biopsies were obtained at the
time of the diagnosing biopsy, and they were snap frozen
and stored at —80°C until analysis for lycopene -content.
Resected prostate tissue was collected at the time of pros-
tatectomy and was snap frozen. Slides from biopsy and
surgical paraffin blocks for each patient were evaluated for
Gleason score by a clinical pathologist, and paraffin blocks
of biopsy and resected tissue from each patient were
matched for Gleason score for slide preparation, for histo-
chemical 80OHdG, and for apoptotic index comparisons, An
assay for 8OHdG staining using the monoclonal antibody
N45.1, which recognizes both the hydroxy function of
80HAG and the 2’ portion of deoxyribose, was developed
and validated for human prostate after the manner of
Toyokuni et al. (16) Staining density was subjectively
evaluated by two independent pathologists and was quanti-
tated by using a CAS-200 image analyzer (Cell Analysis
Systems, Becton Dickinson, San Jose, CA), which performs
high-speed digital image processing. Twenty high-power
fields containing prostate adenocarcinoma were selected
from each slide and were measured as the sum of the den-
sity, or areas of staining, as a function of total nuclear area,
and expressed as a percentage. Apoptotic index was as-
sessed on deparaffinized prostate tissue sections by the
TUNEL assay (Apop Tag Peroxidase kit; Intergen, Pur-
chase, NY). Lycopene and its isomers were separated by
high-performance liquid chromatography (HPLC) in tomato
sauce, serum, and prostate samples and were measured by
UV/vis detection (17, 18) with an interassay reliability of
7.4% for total lycopene. Isomers were separated using a
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Suplex pKb-100 Ci8, 250 x 4.6 mm column (Supelco,
Bellefonte, PA) and were isocratically eluted with metha-
nol:acetonitrile:isopropanol (54:44:2, v/v). Lycopene iso-
mers were confirmed using liquid chromatography-mass
spectrometry (LC-MS) in the laboratory of Dr. Richard van
Breemen. Leukocyte and prostate 80OHdG/dG were mea-
sured by HPLC separation and were quantitated by electro-
chemical detection in our laboratory (19), but with modifi-
cations that improved the extent of hydrolysis and reduced
artifactual 8OHdG. Interassay reliability was 7.6%. Nutrient
and lycopene intakes from self-selected diets were calcu-
lated using the Nutrition Data System For Research, Data-
base 29, version 4.01 (Nutrition Coordinating Center, Uni-
versity of Minnesota, Minneapolis, MN) augmented with
Iycopene values from the U.S. Department of Agriculture
Carotenoids Data Base (www.usda.gov). Total serum PSA
was measured using a Microparticle Enzyme Immunoassay
(Abbot Laboratories, Abbot Park, IL) by the University of
linois Hospital Pathology Laboratory. Changes in mea-
sured values were assessed by paired ¢ test with complete
data sets. Leukocyte and prostate DNA 80HdG/dG ratios
and apoptotic index and PSA concentrations were square
root or log transformed to overcome skewness. Associations
between variables were evaluated by simple regression analy-
sis and by categorized means. The statistical package SAS
(version 7.1, 1997; Cary, NC) was used for analysis. Differ-
ences of P < 0.05 were considered statistically significant.

Results

Of the 32 men who completed the study, 27 biopsy
samples were collected and 28 out of the 32 had prostatec-
tomy at the end of the study. One patient was excluded from
the DNA damage analyses because his sample was 2 SDs
above the mean at baseline, but the sample taken at the end
of the study showed markedly lower 80OHdG/dG. He was
found to be a drug user who abstained prior to his surgery.
Table I presents patient characteristics, consumption of
pasta entrees, and changes in lycopene intake from their
self-selected diets. The Westside VA serves a primarily
lower socioeconomic African-American population, which
was reflected in the patients who ranged from 60 to 74 years
of age. Intervention days varied due to fluctuations in sur-
gery scheduling and averaged 19.8 + 0.6 days.

Adherence to a Whole-Food Intervention and
Prostate Uptake of Lycopene. The large amount of
tomato sauce (3/4 cup) was well tolerated, with only three

Table 1. Patient Characteristics and Adherence to
the Whole Food Intervention

. Before During P-
Variable intervention  intervention value®

Number 32
Age (yr) 63.7 £6.1°
Weight (kg) 87.3+3.22 86.8+3.27
BMI (kg/m®) 28.0 + 4.99
Body fat (%) 20.9 + 5.4¢
Ethnicity

% African-American 75.0

% Other 25.0
Intervention Days 19.8 + 0.6°
% Adherent Days 90.0 £ 2.0°
% Adherent to Dose 81.6
Self-selected diet

lycopene (mg/d) 5.0£7.3° 1.0 = 0.02°
Total lycopene intake

{mg/d) 268+22
Total energy intake 2096 + 132° 2338 + 122° 0.04
Fat intake (en%) 38.7+1.4° 39.8+0.9°
Protein intake (en%) 15.4+0.6° 16.1 +0.6°
Cholesterol intake

(mg/d) 341+ 39.2° 472+33.1° 0.0002

2 Values are means =+ standard deviations
b values are means = standard error of the mean
¢ Two-tailed paired t tests performed on log-transformed data

out of 32 patients reporting minor gastrointestinal problems,
which resolved within a few days. Men consumed at least
25% of a pasta entrée on nine out of 10 days on the study
and 81.6% of the intended total dose of lycopene (Table I).
Because they reduced their mean intake of lycopene from
their self-selected diet during the intervention, the mean
increase in lycopene consumption was 21.8 mg/day. Energy
intake increased by a mean of 242 kcal/day, which meant
that an average of 529 kcal/day of the 771 kcal/day supplied
by the pasta entree was off-set by a down-regulation of
energy intake in their self-selected diet. This was verified by
body weight maintenance during the 3-week intervention pe-
riod. Macronutrient diet composition did not change, although
there was an increase in cholesterol intake due to additional
cheese and sausage consumption as part of the pasta entrees.

Self-reported adherence to pasta entree consumption
was consistent with the observed doubling and tripling of
serum and prostate total lycopene concentrations, respec-
tively (Table II). Figure 1A shows a reasonable correlation
between plasma and prostate total lycopene concentrations

Table Il. Serum and Prostate Uptake of Lycopene in Response to the Whole Food Intervention

Analyte/tissue Before/without intervention After intervention P-value
Serum total lycopene (nM) 638 + 60° 1258 + 95 0.0001
Prostate fotal lycopene (nmol/g) 0.279 + 0.450 0.820+0.119 0.001
Pasta entree % trans lycopene 68.5
Serum % trans lycopene 432+ 64 429+6.8 NS
Prostate % trans lycopene 225+ 1.5° 28.7 +4.2 <0.001

2 Means = SD

10 assays of pooled biopsies (5 in pool) representing men with high serum PSA but not eligible for study participation.
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Figure 1a and 1b. Regression scatterplots
of the relationship between (1A) prostate
and plasma total lycopene concentrations
and (1B) prostate and circulating leukocyte
80OHdG/dG ratios from resected prostate tis-
sue and blood samples obtained after 3 wks
of tomato sauce supplementation.
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postintervention and baseline correlations were similar (r =
046, P = 0.01). Consistent with previous observations
(20), there appeared to be a successive conversion of trans
to cis isomers moving from food to serum to prostate where
70% of the lycopene was in the cis form, whereas the baked
and reheated pasta entree contained only 30% lycopene cis
isomers (Table II). There was insufficient biopsy prostate
tissue to adequately quantitate the isomers. Therefore, pros-
tate biopsies obtained from men screened for the study but
found to be ineligible, either because they were biopsy
negative for cancer or were not candidates for prostatec-
tomy, were pooled in groups of five and were evaluated in
10 separate assays (mean percentage represented 50 sub-
jects). The percentage of lycopene trans isomer was higher
in the men who consumed tomato sauce, indicating a pos-
sible enrichment of the all trans isomer due to recent tomato
Product consumption.

Chemical Evaluation of Oxidative DNA Damage
by 80HdG/dG Ratio. Leukocyte SOHdG/dG decreased

by 21.3% by the 3rd week of tomato sauce supplementation.
Prostate 8OHAG/dG was 58,3% higher than leukocyte ratios
postintervention, which supports the hypothesis that the
prostate of patients with cancer may be oxidatively stressed
compared with other tissues. Oxidative DNA damage was
28% lower in the resected prostates of the tomato sauce-
supplemented group compared with the reference group
who did not participate in the study (Table III). There was
no correlation between serum lycopene concentrations and
leukocyte 8OHAG/dG at either time period, or when data
from both time periods were considered together. Leuko-
cyte lycopene concentrations were not evaluated because
the sample was not sufficient for both measurements. There
was a good correlation between leukocyte and prostate
80HAG/dG (Fig. 1B), but there was no association between
prostate lycopene concentration and prostate 8OHdG/dG
postintervention.

Evaluation of Prostate Adenocarcinoma Cells
for DNA Damage by 80HdG Staining. Prostate tissue
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Table lll. Leukocyte and Prostate DNA Damage (80HdG/dg) and Its Localization in Prostate Cancer Cell
Nuclei (80HdG staining), Apoptotic Index and Serum PSA Concentration

Measurement Before intervention  After intervention P-value
Leukocyte 80HAG/dG x 105 n = 30 0.61 + 0.05% 0.48 £ 0.04 0.0006°
Prostate 80OHdG/dG x 10° n = 29 0.76 + 0.10°
Reference Group Prostate 8OHdG/dG x 10°nh =7 1.06 £ 0.17° 0.03°
Cancer cell nuclei 80OHdG Immuncdensity % optical density n = 26 221+27 132+27 0.005°
Cancer cell nuclei 80OHdG Immunodensity % positive area n = 26 12517 79x1.86 0.009°
Carcinoma Apoptic Index % n = 24 0.8x0.79 2.7 +3.0¢ 0.01°
Hyperplasia Apoptic Index % n = 24 0.7 + 0.5¢ 1.4 +1.6¢9 0.05°
Serum PSA ng/mL n = 30 10.9 = 1.1 8.7+09 0.001

2 Values are means + SEM

 Compared on square-root transformed data by unpaired t test
¢ Compared by paired t test on log-transformed data

9Values are means + SD

is composed of a variety of cell types, which include epi-
thelial cells (normal, hyperplastic, and neoplastic), stromal
cells, and capillary endocytes. If DNA damage is different
among cell types, then the 8OHdG/dG values obtained from
fresh tissue samples could be a reflection of the proportion
of cell types in the sample. To explore this possibility, an
histochemical assay for 8OHdG was adapted for prostate
tissue using a highly specific monoclonal antibody. Re-
sected and biopsy prostate tissue showed differential
80HJG staining for various cell types. Stromal nuclei were
rarely stained, whereas hyperplastic cell nuclei varied from
none to moderate staining. Cancer cells had the highest
density staining, which indicated that they were subject to
the greatest DNA damage. Two independent pathologists
evaluated 80OHdG-stained slides and scored only cancer ar-
eas using a + to +++ system, and both found shifts from
more staining to less staining for each patient’s biopsy and
resected tissue slides, respectively, indicating a decrease in
DNA damage in cancer cells after tomato sauce consump-

tion (Fig. 2). The subjective evaluation of the pathologists
was verified by digital image processing using a light mi-
croscope. Mean (sum of 20 fields/slide) cancer cell nuclear
80HdG immunodensity decreased by 40.3% as percentage
optical density, and 36.8% as percentage positive area with
tomato sauce supplementation (Table III). There was a trend
toward a positive correlation between postintervention re-
sected prostate 8OHdG/dG by HPLC-EC analysis and par-
affin section prostate cancer cell SOHdG immunodensity (r
= (.38, P = 0.06). Taken together, these data indicate that
the oxidative DNA damage in cancer cells decreased in
response to short-term tomato sauce supplementation.

Changes in Serum PSA Concentrations and
Prostate Cell Apoptosis. Serum total PSA concentra-
tions decreased 17.5% in these men (10.9 + 1.1 to 8.7 + 0.9
ng/ml, P < 0.001) in the 5-6 weeks between measurements
(Table III). Apoptotic index was 2- and 3-fold higher in the
resected prostate tissue compared with biopsies in hyper-
plastic and neoplastic cells, respectively.

Pathology scores for nuclear 8OHdG staining of prostate

sections before and after intervention

80 3 e
0. i,
@ . Figure 2. Percent of scores for degree of
g ) b 80OHdJG nuclear staining assigned by two pa-
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5 e = w3+ BOHIG  staining.
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Discussion

The selection of a preoperative model for the evaluation
of lycopene uptake into the prostate was predicated on the
availability of resected prostate tissue for the measurement
of lycopene uptake and assessment of oxidative DNA dam-
age. Although the time for intervention was limited, there
was a significant increase in prostate lycopene content with
consistent decreases in prostate cell DNA damage, as mea-
sured by 80HdG, both chemically and histochemically.
Cancer cells were responsive to the intervention. Further-
more, leukocyte and prostate 80OHAG/dG were positively
Correlated, meaning that routine measurement of leukocyte
80HdJG/dG might be useful as a prognostic biomarker of
oxidative stress and is worthy of further investigation. The
assumption that lycopene alone caused the decrease in oxi-
dative DNA damage is premature, especially because there
Wwas no inverse linear correlation between plasma or prostate
lycopene content and 8OHAG/dG in leukocytes or prostate
tissue. However, such correlations may not be expected be-
cause the lycopene content of leukocytes was not measured.
Porrini et al. (21) provided 7 mg of lycopene/day as tomato
puree to healthy women for 2 weeks and found a 44%
increase in lymphocyte lycopene and a 50% increase in their
resistance to oxidative DNA damage via the measurement
of strandbreaks. Both plasma and lymphocyte lycopene
concentrations were highly correlated with resistance to oxi-
dative DNA damage (21). Their mean plasma lycopene con-
centration was 0.55 + 0.21 wM compared with our 1.26 =+
0.95 M after tomato sauce supplementation. Because their
Subjects were placed on a low-carotenoid diet prior to the
Study, their mean baseline plasma lycopene was only 0.13 =
0.06 WM, whereas our mean baseline value was 0.64 uM.
Furthermore, they were more directly measuring the ability
of lycopene contained in lymphocytes to protect DNA from
an ex vivo hydrogen peroxide insult, whereas we measured
in vivo DNA damage. Rao et al. (7) found that 1 week of
either lycopene or tomato product supplementation of
healthy subjects produced a trend toward a decrease in leu-
kocyte 8OHAG/dG, indicating that lycopene may be an im-
Portant tomato antioxidant,

There was no association between prostate lycopene
Concentration and prostate 80HdG/dG measured chemi-
cally in whole tissue or histochemically in cancer cells after
intervention. Whether lycopene or some other component of
tomato sauce or a combination of phytochemicals are the
active components must await the completion of the remain-
der of the clinical trial where lycopene alone is supple-
mented. Tomato products contain a number .of candidate
Phytochemicals beside lycopene such as phenolic com-
Pounds that are equivalent to 50% to 100% of the lycopene
content in various tomato products. Water-soluble fractions
of tomato products containing the phenolics were shown to
have more antioxidant activity in hydrophilic in vitro anti-
Oxidant detection systems than the lipid-soluble fraction
Containing lycopene. (22) The combination of phenolic

compounds and lycopene may compose an efficient system
that keeps lycopene in an antioxidant state in cell mem-
branes. Pastori ef al. (23) found that lycopene alone did not
inhibit the growth of two cancer cell lines, but did so quite
effectively when combined with a-tocopherol in the cell
medium. Another candidate that may modify cell prolifera-
tion, apoptosis, and necrosis is the tomato glycoalkaloid,
tomatine, which forms complexes with cholesterol in mem-
branes and has been shown to cause disruption of intestinal
epithelial cells (24). Because large amounts of cholesterol
are secreted during food digestion and form indigestible
complexes with tomatine, little is thought to be absorbed in
humans (25). However, no direct measurement of tomatine
in plasma of subjects consuming large quantities of toma-
toes has been made. Green tomatoes contain far greater
quantities of tomatine (26).

The delivery of lycopene (or other bioactive tomato
components) in the form of a variety of delicious food prod-
ucts was highly successful in this population of predomi-
nantly African-American, lower socioeconomic status pa-
tients. African-American men have 130% higher age-
adjusted death rates from prostate cancer compared with
Euro-Americans (27). Segments of this population are sus-
picious of participation in research, as evidenced by a higher
refusal rate for the lycopene capsule compared with the
whole-food intervention, where refusal was negligible. The
disadvantage of food-based delivery, besides difficulty in
logistics, is that individuals decrease tomato product con-
sumption in their self-selected diet. Patients consuming the
highest amounts of lycopene prior to the study decreased
their consumption the most, which dilutes the effect of the
intervention for these patients and must be taken into con-
sideration when planning future food-based intervention tri-
als. A main course entrée was chosen as the most acceptable
vehicle for tomato product delivery, to incorporate suffi-
cient tomato sauce to contain 30 mg of lycopene, but the
entrees constituted approximately 34% of the patients’ total
daily energy intake. The men displaced most of this energy
without jeopardizing their macro- or micronutrient con-
sumption except for the increased cholesterol intake. How-
ever, their self-reported daily energy intake increased by an
average of 242 kcal/day, which, if sustained over a 12-
month period of time, would theoretically result in a net
weight gain of 12.4 lbs,

The increase in cis isomers of lycopene in prostate
tissue compared with plasma has been noted by Clinton ez
al. (28), and tumor cells appear to have more cis isomers.
Plasma enrichment of cis over trans isomers was noted by
several investigators (29, 30) and has been explained by
destabilization of lycopene crystalline structure by bile, al-
lowing for slow thermally induced cis-frans isomerization
(the required energy level is lower for lycopene compared
with B-carotene [31]) with subsequent selectively advanta-
geous micelle, and perhaps chylomicron, incorporation of
cis lycopene (32). There may also be selective uptake of cis
isomers into prostate cells. Alternatively, lycopene isomer-
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ization could occur as a result of prostate metabolism via the
formation of a radical through oxidation or by action of the
monooxygenase system, which is known to be modulated
by carotenoids (33).

Decreased DNA damage in preneoplastic cells might be
assumed to decrease the probability of carcinogenic muta-
tions, whereas decreased DNA damage in neoplastic cells
could lead to one of two possibilities: it could confer in-
creased probability of cancer cell survival or it could mean
that there are fewer viable cancer cells due to the induction
of apoptosis or necrosis. Preliminary explorations of apop-
totic index point to the second possibility because there was
a significant increase in apoptotic index in both hyperplastic
and neoplastic cells when comparing biopsy with the re-
sected prostate tissue collected postintervention. However,
these changes may have been due to sampling bias in the
collection of the biopsy tissue. B-Carotene at high cell me-
dium concentrations has been shown to induce apoptosis in
a dose- and time-dependent manner in colon adenocarci-
noma cells grown in culture, accompanied by an enhanced
production of intracellular reactive oxygen species. Both
actions were blocked by the addition of vitamin E to the
culture medium (34). The capacity of carotenoids, including
lycopene, to act as pro-oxidants at high concentrations and
as antioxidants at low concentrations has been noted by
others (35-37). High carotenoid concentrations in cell me-
dia may not be associated with high intracellular concen-
trations because lycopene uptake by cells is relatively low
(38), which would favor an antioxidant role for lycopene in
vivo as observed in this study.

The observed decrease in serum PSA concentrations is
consistent with a decrease in the number of PSA-secreting
cells (39). Serum PSA concentrations, along with biopsy
Gleason score, are the most important predictors of clini-
cally important cancer of the prostate (40). PSA concentra-
tions were measured 2-3 weeks after biopsy, and previous
PSA concentrations in these patients were no different than
the baseline PSA concentration obtained for this study.
Therefore, the postbiopsy rise in PSA concentrations would
have subsided (41, 42) and could not explain the observed
decreases with tomato sauce supplementation. A few stud-
ies have shown that lycopene, at physiological concentra-
tions, can inhibit prostate cancer cell growth (43, 44), and
lycopene supplementation in mice modestly inhibited ben-
zo(a)pryene-induced mutagenesis in prostate, but enhanced
it in lung and colon tissue (45). The mechanism of action
may or may not be linked to a pro- or antioxidant action
because the growth inhibitory effects of lycopene on the
MCF7 mammary cell line were not due to the toxicity of
lycopene, but rather to interference in IGF-1 receptor sig-
naling and cell cycle progression.

These data demonstrate that lycopene or tomato phy-
tochemicals can modulate several biomarkers associated
with prostate carcinogenesis in patients with cancer, and are
consistent with a startling case report of a patient with hor-
mone-refractory metastatic prostate cancer with extensive

892 TOMATOES, DNA DAMAGE, AND CANCER

nodal disease and skeletal metastases who stopped all for-
mal treatment regimens and transferred to hospice care, but
then began alternative treatment with lycopene (10 mg/day)
and saw palmetto (900 mg/day) supplements. His serum
PSA concentrations were 365.0 ng/ml at the beginning of
phytotherapy, dropped to 139.6 ng/ml in 1 month, and then
to 8.1 ng/ml at the end of the 2nd month, and remained
between 3 and 8 ng/ml for 18 months. His bone scan
showed improvement in bone metastases and he has re-
mained asymptomatic at the last follow-up and has contin-
ued on phytotherapy (46), Saw palmetto has not been shown
to lower serum PSA concentrations in clinical trials (47),
pointing to lycopene as the most likely active compound.
Although these results appear promising, the lack of a con-
trol group for these preliminary studies limits their clinical
value and more robust comparisons await the completion of
our randomized placebo-controlled trial, where lycopene
alone can be compared with tomato sauce and with placebo
cross-sectionally. If the results are consistent with these
preliminary studies, it may indicate the possible use of ly-
copene as complementary therapy for prostate cancer, and
further studies into mechanism of action, efficacy, and
safety for homogeneous patient populations should be
encouraged.
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