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lodine Uptake and Prostate Cancer in the TRAMP Mouse
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lodine supplementation exerts antitumor effects in several types of cancer.lodide (I") and iodine (I,) reduce cell proliferation and
induce apoptosis in human prostate cancer cells (LNCaP and DU-145). Both chemical species decrease fumor growth in athymic
mice xenografted with DU-145 cells. The aim of this study was to analyze the uptake and effects of iodine in a preclinical model of
prostate cancer (fransgenic adenocarcinoma of the mouse prostate (TRAMP) mice/SV40-TAG antigens), which develops cancer
by 12 wks of age. "I" and '®|, uptake was analyzed in prostates from wild-type and TRAMP mice of 12 and 24 wks in the presence
of perchlorate (inhibitor of the Na*/I” symporter (NIS)). NIS expression was quantified by quantitative polymerase chain reaction
(gPCR). Mice (6 wks old) were supplemented with 0.125 mg I plus 0.062 mg |,/mouse/day for 12 or 24 wks. The weight of the gen-
itourinary fract (GUT), the number of acini with lesions, cell proliferation (levels of proliferating cell nuclear antigen (PCNA) by im-
munohistochemistry), p53 and p21 expression (by gPCR) and apoptosis (relative amount of nucleosomes by enzyme-linked im-
munosorbent assay) were evaluated. In both age-groups, normal and tumoral prostates take up both forms of iodine, but only I
uptake was blocked by perchlorate. lodine supplementation prevented the overexpression of NIS in the TRAMP mice, but had no
effect on the GUT weight, cell phenotype, proliferation or apoptosis. In TRAMP mice, iodine increased pb3 expression but had no
effect on p21 (a pb3-dependent gene). Our data corroborate NIS involvement in I uptake and support the notion that another
fransporter mediates |, uptake. lodine did not prevent cancer progression. This result could be explained by a strong inactivation
of the p&3 pathway by TAG antigens.
Online address: hitp://www.molmed.org
doi: 10.2119/molmed.2013.00093

INTRODUCTION

Prostate cancer is the second most fre-
quently diagnosed cancer in men world-
wide, with an incidence significantly
lower in Japan than in the United States
(22.7 versus 83.8/100,000 per year, re-
spectively) (1). This lower risk has been
associated with lifestyle factors such as
diet. The traditional Japanese diet is high
in fish (rich in omega-3 fatty acids), soy-
beans (isoflavones) and seaweeds (io-
dine) (2). Epidemiological studies show a
possible association between high iodine
intake and low risk of prostate cancer,

given that the daily intake of iodine in
Japan is 25-fold higher than in Western
countries (5,280 ug in Japan versus 209 ug
in the US) (34).

This chemoprotection by iodine is also
evident in thyroid and breast cancer, and
it seems to be related to the ability of
these tissues to take up and metabolize
iodide (I") and/or molecular iodine (I,)
(5). It is well established that I" uptake
depends on the Na*/I" symporter (NIS),
whereas the uptake of I, is probably me-
diated by facilitated diffusion (6-8). I,
supplementation exerts antitumor effects
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in thyroid, breast, neuroblastoma and
lung carcinoma by arresting the cell
cycle (increases p53 and p21 proteins),
inducing apoptosis (dissipates mito-
chondrial membrane potential and in-
creases Bax, caspases 3 and 7) and re-
ducing mRNA expression of invasion
genes (vascular endothelial growth fac-
tor [VEGF] and urokinase-type plas-
minogen activator [uPA]) (9-14). For I" to
exert some of these effects, it must be
converted to an oxidized species of io-
dine by specific peroxidases (thyro-,
lacto- or myeloperoxidase) (15-17).

The pathways by which I, inhibits the
carcinogenic process are not fully under-
stood, but contributions of both direct
(anti- or prooxidant) and indirect mecha-
nisms (generation of iodolipids, iodinated
derivatives of arachidonic acid) have
been proposed (5). 6-Iodolactone (6-IL)
is an iodolipid that reproduces some of
the antitumorogenic effects mentioned
above, and it has been suggested that
6-IL could function as a ligand/activator
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for peroxisome proliferator-activated re-
ceptors (12,13,18-20).

There is evidence that prostate epithe-
lium is an iodine-responsive target. In
several species, NIS mRNA was detected
in normal and cancerous prostate (21-23).
In humans, NIS protein is present in
50-70% of adenocarcinomas (24). With re-
gard to the effects of iodine, in vitro stud-
ies show that LNCaP and DU-145
prostate cancer cells take up both I" and
I, and treatment with either chemical
species reduces cell proliferation and in-
duces apoptosis (Bax capsases). Consis-
tent with these results, supplementation
in nude mice with both chemical species
consistently reduces tumor growth of
DU-145 xenografts (25). The aims of this
study were to analyze the uptake and po-
tential antineoplasic effects of a mixture
of iodine and iodide in transgenic adeno-
carcinoma of the mouse prostate
(TRAMP) mice, a preclinical model of
prostate cancer.

MATERIALS AND METHODS

Transgenic Animals

The TRAMP mice were obtained from
The Jackson Laboratory (Bar Harbor, ME,
USA). Heterozygous (TRAMP*/") fe-
males were crossed with nontransgenic
C57BL/6 males to generate heterozygous
transgenic male offspring. In the TRAMP
model, expression of SV40 early genes
(TAG) is driven by the prostate-specific
promoter probasin. Long and short anti-
gens inactivate p53 and Rb proteins as
well as protein phosphatase 2, respec-
tively, leading to the development of in-
traepithelial neoplasia (prostatic intraep-
ithelial neoplasia [PIN]) and both
well-differentiated and poorly differenti-
ated cancer. Tail deoxyribonucleic acid
(DNA) was used to determine the pres-
ence of the transgene by polymerase
chain reaction (PCR). Experiments were
approved by the Committee on Bioethics
from the Universidad Nacional
Auténoma de México, and procedures
were carried out according to guidelines
of the Norma Oficial Mexicana NOM-
062-ZO0-1999 (26).
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Radio-lodine Uptake Assay

Prostate tissue from wild-type and
TRAMP mice of 12 and 24 wks was used
to characterize the uptake of I and I, by
using 12 as a tracer (Na'®I; PerkinElmer,
Waltham, MA, USA; specific activity:
~17 Ci [629 GBq]/mg). Oxidation of "*I"
to 12512 was carried out according to the
method described by McAlpine (27).
Mice received intraperitoneal doses of
I” or "1, (0.001 Ci/kg body weight)
and were euthanized after 5, 10, 15, 30,
60, 120 and 180 min. Thyroid gland was
used as an internal positive control.

To analyze NIS involvement in iodine
uptake, one group each of wild-type and
TRAMP mice received intraperitoneal
physiological saline solution or 25 mg
perchlorate (CIO,") (specific inhibitor of
NIS) per kilogram body weight. Two
hours after the ClO,  injection, mice were
injected with 157 or 12512, and after an-
other 2 h, they were killed. This dose of
ClO, inhibits >80% of iodide uptake in
thyroid gland (positive control) (28). Thy-
roid, prostate and liver were collected,
and the radiolabel was measured in
counts per minute (cpm) in a y-counter
(Packard, Palo Alto, CA, USA). Radioac-
tive iodine uptake by thyroid and prostate
was normalized to liver uptake (negative
control). Data are expressed as cpm per
milligram thyroid or cpm per milligram
prostate/cpm per milligram liver (23).

Effects of lodine Supplementation on
Prostate Cancer Development

Male wild-type and TRAMP mice
(6 wks old) were given drinking water
supplemented with a mixture of iodine
(0.125 mg I" plus 0.062 mg I,/ day/mouse)
for 12 or 24 wks. Body weight was regis-
tered every 2 wks. At the end of the ex-
periments, mice were anesthetized with
a ketamine and xylazine mixture
(Cheminova, Mexico City, Mexico; 8 and
0.6 mg, respectively, per 100-g body
weight) and killed by decapitation. The
genitourinary tract (GUT) (prostate, blad-
der, seminal vesicles and urethra) was
weighed, and the prostate was dissected.
Prostate tissue was fixed in 10% neutral
buffered formalin (Sigma-Aldrich, St.
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Louis, MO, USA) for histopathology and
immunohistochemistry or frozen and
stored at -70°C to measure expression of
the NIS, p53 and p21 genes by reverse
transcriptase—quantitative polymerase
chain reaction (RT-qPCR). Blood was col-
lected to determine the circulating levels
of triiodothyronine (T3). At the time of
necropsy, all organs were examined for
gross abnormalities.

Histopathology and
Immunohistochemistry

The 5-um, paraffin-embedded sections
of the dorso-lateral lobes were stained
with hematoxylin-eosin for histopathol-
ogy or were processed for immunohisto-
chemical analysis. The pathological grad-
ing system used was that proposed by
Kaplan-Lefko, which considers several
criteria such as epithelial cytoarchitecture
and the presence of mitosis, apoptosis
and inflammation (28). The percentages
of normal and pathological acini were
registered. The analysis was carried out
by quantifying the whole field of three
animals per group at 20x magnification.

Immunodetection of proliferating cell
nuclear antigen (PCNA) was used as an
indicator of cell proliferation. Briefly,
paraffin tissue sections were deparaf-
finized, rehydrated and heated in citrate
buffer (pH 6.0). Sections were blocked
with peroxidase block solution from
DakoCytomation (Dako, Glostrup, Den-
mark), followed by bovine serum albu-
min and then incubated overnight at 4°C
with the anti-PCNA rabbit polyclonal
primary antibody (1:50; Santa Cruz
Biotechnology, Santa Cruz, CA, USA).
Slides were then reacted with biotin-la-
beled anti-rabbit IgG/anti-mouse IgG
and developed in diaminobenzidine
(DAB) (DakoCytomation). Sections were
counterstained with hematoxylin, dehy-
drated and mounted. Tissue sections
without primary antibody were used as
negative control. The analysis was car-
ried out under light microscopy (Leica
DM 2500), and images were acquired
with a Leica DFC 420 camera. The per-
centage of PCNA-positive cells was de-
fined as the number of brown-stained



Table 1. Primers used in gPCR.

Gene GeneBank Sequence

NIS NM_053248 CCGGATCAACCTGATGGACT
CCTGAGGGTIGCCACTGTAAG

P53 NM_001127233 TGAACCGCCGACCTATCCITTA
GGCACAAACACGAACCTCAAA

p21 NM_001111099 ATGTCCAATCCTGGTGATGT
TGCAGCAGGGCAGAGGAAGT

B-Actin NM_031144 GTCCCAGTATGCCTCTIGGTCGTAC

CCACGCTCGGTCAGGATCTICATG

cells divided by the total number of cells
in three randomly selected fields at 40x
magnification. The quantification of cells
was performed with the Leica Applica-
tion Suite (version 2.8.1).

Circulating T3 Levels

To verify thyroid status, serum T3 lev-
els were measured by a homologous ra-
dioimmunoassay previously standard-
ized in our laboratory (30).

Apoptosis

Apoptosis was measured by enzyme-
linked immunosorbent assay (ELISA) by
using a cell death detection kit (Roche
Diagnostics, Mannheim, Germany). This
assay detects the relative amounts of
mono- and oligo-nucleosomes. Data
were normalized to DNA concentration.
All samples exhibited at least twice the
absorbance of the blank. The percent
change of apoptosis was calculated, con-
sidering the prostatic levels of the non-
supplemented wild-type mice as 100%.

RT-gPCR (Real Time)

Total RNA was extracted by using the
SV Total Isolation System (Promega,
Madison, WI, USA) and was reverse-
transcribed by using oligo-deoxythymine.
The sequence detector system Rotor-Gene
3000 (Corbett Research, Mortlake, Aus-
tralia) was used to perform qPCR with
SYBRgreen. The reaction contained 2 ug
cDNA template and the Maxima SYBR
Green/ROX qPCR Master Mix (Fermen-
tas, CA, USA), using 40 cycles of three-
step amplification (95°C for 30 s, 55-60°C
for 30 s and 72°C for 30 s). Table 1 shows
the primers used in this study. PCR gen-
erated only the expected specific ampli-

con, which was demonstrated in each
case by the melting temperature profile
and by electrophoresis of the PCR prod-
uct through a 2% agarose gel containing
ethidium bromide in Tris-acetate-EDTA
buffer. No PCR products were observed
in the absence of template. Gene expres-
sion was calculated by using a standard
curve and normalized to the content of
B-actin. The coefficient of variation for
this gene was <15%.

Statistical Analysis

The data are shown as mean + standard
error of the mean (SEM). Differences be-
tween groups were analyzed by using a
two-way analysis of variance (ANOVA)
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with a Bonferroni post hoc test and Stu-
dent f test. Results were analyzed by
using the statistical package GraphPad
Prism 4 (GraphPad, San Diego, CA, USA).

RESULTS

Time Course of lodine Uptake

Figure 1 shows that normal prostate of
12- and 24-wk-old mice takes up '*I"
and 'L, within the first 5 min. For both
iodine types, sustained but not statisti-
cally significant increases were observed
in 24-wk-old mice after 10 min.

Expression of NIS and Its Involvement
in lodide Uptake

Figure 2A shows that both chemical
species of iodine are taken up by normal
and cancerous prostate of 12- and 24-wk-
old mice. In all groups, "*I" uptake was
significantly inhibited by ClO,". In con-
trast, C1O,” administration did not mod-
ify '*’I, uptake in any group. Figure 2B
shows NIS expression in prostates from
wild-type and TRAMP mice of 30 wks.
TRAMP mice exhibited high NIS expres-
sion compared to wild-type mice.
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Figure 1. Time course for the uptake of iodide (') or iodine ('%1,) in normal prostate. Mice
of 12 or 24 wks of age were intraperitoneally injected with either " or %1, (0.001 Ci/kg
body weight) and were killed from 5 to 180 min after fracer administration. Tissues were
weighed and the radioactivity measured (cpm). Prostate iodine uptake was expressed as
cpm per mg prostate/cpm per mg liver (nonuptake organ). No significant differences

were found. n = 3-6 per group.
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Figure 2. (A) '%| uptake in normal (wild type) or tumoral (TRAMP) prostate. Mice of 12 or
24 wks received an injection of saline (control) or perchlorate (CIO,); 2 h later, they were

intraperitoneally injected with 0.001 Ci/kg body weight of either 12" or

1%9),. Mice were

kiled 2 h aofter tfracer administration, and iodine uptake was analyzed as described in Fig-
ure 1. (B) Effect of iodine on NIS mRNA expression in normal and tumoral prostate. lodine
was supplemented for 24 wks (starting at 6 wks old). Thyroid and liver were used as posi-
tive and negative controls, respectively. NIS expression was analyzed by RT-gPCR. Data
were analyzed using a two-way ANOVA, followed by the Bonferroni post hoc test. Different
letters indicate significant differences between groups (p < 0.05). n.d., Not detected; n =

4-6 per group.

Chronic iodine supplementation (24 wks)
decreased TRAMP NIS overexpression to
values similar to those of the wild-type
mice.

Effect of lodine Supplementation on
the Development of Prostate Cancer

Figure 3 shows that iodine supplemen-
tation for 12 or 24 wks had no effect on
body weight. The data show a significant
increase in the GUT weight of TRAMP
mice in comparison to wild-type mice at
both ages. lodine supplementation had
no effect on the GUT weight or circulat-
ing levels of T3 (data not shown).
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As expected, wild-type mice showed
a normal histological phenotype,
whereas TRAMP mice exhibited a well-
differentiated cancer (Figure 4). A de-
tailed analysis in TRAMP mice showed
that around 40% of acini had a normal
phenotype, whereas 5-10% of acini ex-
hibited a high-grade PIN (epithelial
stratification, cribiform structures, nu-
clear pleomorphism, hypercromatic nu-
clei), and around 50% exhibited a well-
differentiated cancer (loss of intraductal
spaces and invasion of basal mem-
brane). However, iodine supplementa-
tion for 12 or 24 wks did not modify the
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normal (wild type) or tumor phenotype
(TRAMP).

In relation to indicators of cell prolifer-
ation, our data showed a higher number
of PCNA-positive cells in prostate tu-
mors (TRAMP) than in normal prostate
(wild type) (Figure 5). However, iodine
supplementation for 12 or 24 wks did not
modify the PCNA levels in any group.
Figure 6 shows that iodine supplementa-
tion significantly increased p53 mRNA
expression but had no effect on p21 ex-
pression in tumors from 24-wk-old
TRAMP mice. We found no differences
in apoptosis between control and iodine-
supplemented groups of normal and
cancerous prostate (Figure 7).

DISCUSSION

The present study was designed to ex-
plore if continued supplementation with
iodine inhibits or delays the develop-
ment of prostate cancer in the TRAMP
model. Our data showed that, although
cancerous prostate takes up both I" and
L, supplementation with a mixture of the
two species of iodine for 12 or 24 wks
does not reproduce the antitumor effects
previously reported in an in vitro model
of prostate cancer (25).

This study shows the ability of cancer-
ous prostate to take up I" and I,. NIS ex-
pression and the inhibition of I uptake
by ClO, (specific inhibitor of NIS sym-
porter) in normal and cancerous prostate
confirm that iodide uptake is NIS depen-
dent. These data are in accord with a
clinical study indicating that around 50%
of human prostate tumors express NIS
protein (24), but they differ with studies
in LNCaP and DU-145 cells showing
that I" uptake is NIS independent (25).
This mechanistic difference between in
vivo and in vitro models could be ex-
plained by the tumor heterogeneity. Our
data show that cancerous prostate over-
expresses NIS, but this increase is not
functionally associated with higher I"
influx. This dissociation between NIS
transcription and iodide uptake has also
been reported to occur in other cancers
as part of the tumorogenic process. Well-
differentiated thyroid and breast cancers
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Figure 3. Effect of iodine on body and GUT weight of wild-type or TRAMP mice. lodine was
supplemented for 12 or 24 wks. Control groups received drinking water without iodine. Data
were analyzed by using a two-way ANOVA, followed by Bonferroni post hoc test. Different
letters indicate significant differences between groups (p < 0.05).n = 10-13 per group.
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Figure 4. Effect of iodine on histology of normal or fumoral prostate. lodine was supple-
mented for 12 or 24 wks. Representative images of prostates stained with hematoxylin-
eosin are shown (magnification 20x). Histopathology analysis was made according to the
criteria proposed by Kaplan-Lefko et al. (29). The percentage of acini with pathological
lesions (PIN and well-differentiated cancer) is shown. Data were analyzed by using a two-
way ANOVA, followed by a Bonferroni post hoc test. No significant differences were found
between groups. n.d., Not detected; n = 4-6 per group.
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express high levels of NIS compared
with their normal counterparts; however,
this expression decreases to undetectable
levels when the cancer becomes undiffer-
entiated (16,31-34). Our data show that
iodine supplementation for 24 wks does
not modify the basal expression of NIS in
normal prostate, but it prevents the over-
expression in cancerous prostate. In con-
trast, studies in breast tumors have
shown that iodine supplementation in-
duces NIS expression. These studies dis-
cussed the possibility that NIS upregula-
tion by iodine might be associated with
tumor redifferentiation (16,30).

With regard to L, uptake, no significant
blockade by ClO,” was observed in any
group, corroborating an NIS-independent
mechanism. These data agree with stud-
ies in human cell lines of prostate and
breast cancer (8,25). There is evidence
that I, uptake depends on protein synthe-
sis, independent of ATP and Na"/K~
ATPase (8). A NIS-independent mecha-
nism for I, uptake has also been demon-
strated in sea urchin larvae and seaweeds
(7,35), suggesting that this mechanism
could be widespread in nature.

The functional relevance of iodine for
the prostate gland is still unknown, but
data from our group have shown anti-
growth effects in models of prostatic dis-
eases (25,36). The present study showed
that iodine supplementation for 12 or
24 wks did not modify the GUT weight,
incidence of lesions, cell proliferation or
apoptosis in wild-type or TRAMP mice.
This insensitivity to iodine contrasts with
studies in benign prostate hyperplasia or
cancer prostate cells that show (a) I or I,
supplementation prevents prostate hy-
perplasia induced by sexual hormones in
rats (36); (b) I" or I, treatments reduce cell
proliferation and induce apoptosis by a
BAX caspase pathway in LNCaP and
DU-145 cells; and (c) iodine supplemen-
tation (same schedule of administration
used in the current study) reduces the
tumor growth in nude mice xenografted
with DU-145 cells (25). These data sup-
port the notion that the null response ob-
served in TRAMP mice is not associated
with the chemical species or schedule of

| 413



IODINE AND PROSTATE CANCER

12 weeks

Wild

TRAMP

12 weeks 24 weeks
~ 80
2 O Wild
2 g b O TRAMP
3 b
o
2w b
g b
1120 28 2l
g o = [—=] =

Water lodine

Water lodine

0.06+

=4

o

5
1

p53 /p-actin
=]
S
L

[ Water

'|' =3 lodine

p21/p-actin
(=]
(=]
i

=4 4
o o
=3 »
L L

Figure 5. Effect of iodine on the percentage of PCNA-positive cells in normal or fumoral
prostate. lodine was supplemented for 12 or 24 wks. Representative immunohistochemical
images from each group are shown (magnification 40x). Slides are counterstained with
hematoxylin. Data were analyzed by using a two-way ANOVA followed by the Bonferroni
post hoc test. Different letters indicate significant differences between groups (o < 0.05). n =

4-7 per group.

administration of iodine or with the ori-
gin of prostatic cells (rodents versus
human). Instead, the insensitivity to io-
dine seems to be related to the mecha-
nisms underlying the carcinogenic pro-
cess in the TRAMP model. Studies in
breast cancer cells (MCF-7) show a sig-
nificant increase of p53 protein and, con-
sequently, increased levels of p21 and
Bax proteins as part of the anti-tumor
mechanism of I, (11,12). In the current
study we found an increase of p53 ex-
pression but no increase of its target
gene p21. The functional inhibition of
p53 has been described in the TRAMP
model as a consequence of the strong
constitutive expression of the oncopro-
tein TAG, which directly inactivates an-
titumoral proteins such as p53 and Rb.
There are controversies related to the
sensitivity of prostate toward
chemotherapeutic agents in the TRAMP
model; some studies have validated its
efficacy (37), but others have concluded
that it represents an aggressive model of
carcinogenesis (diffuse tumor, invasion
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of seminal vesicles and fast transition
from low- to high-grade invasion) (38).
Some antiinflammatory drugs such as
celecoxib or exisulind exhibit important
protection against development of early
lesions (PIN), but they do not prevent the
transition to adenocarcinoma. This par-
tial protection has been explained as a
coordinated activation of p53-dependent
(p21/Bax) and p53-independent path-
ways (inhibition of nuclear factor
k-light-chain enhancer of activated B
cells [NF-kB], cyclooxygenase-2, phos-
phatidylinositide 3-kinase [PI3K]/serine
threonine kinase [AKT]/p27). Moreover,
in studies using different compounds or
diet conditions (low fat, energy restric-
tion) whose action mechanisms involve
the inhibition of p53-independent path-
ways (androgen receptor, NF-«B,
PI3K/AKT, protein kinase Ce, and so
on), these drugs have only a modest an-
titumor effect on this model (39-41).

On the other hand, there is evidence
that iodine could also act against cancer
progression, by preventing or delaying
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Figure 6. Effect of iodine on the expression
of p53 and p21 MRNA in tumoral prostate.
lodine was supplemented for 24 wks. Gene
expression was analyzed by RT-gPCR. Data
were analyzed using a Student ffest. *p <
0.05.n = 3 per group.

the acquisition of invasion mechanisms.
In breast cancer models, it has been
shown that iodine supplementation in-
hibits expression of the VEGF and uPA
genes (13,14). Our study shows that none
of the TRAMP mice (control or iodine
supplemented) developed a phenotype of
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Figure 7. Effect of iodine in the induction of
apoptosis (percentage of DNA fragments)
in normal or tumoral prostate. lodine was
supplemented for 24 wks. The amount of
mono- and oligo-nucleosomes was deter-
mined by ELISA. Data were normalized
with respect to DNA concentration. The
percentage of change of apoptosis was
calculated considering the levels of the
nonsupplemented wild-type prostate as
100%. Data were analyzed by using a two-
way ANOVA followed by Bonferroni post
hoc test. No significant differences were
found between groups (p < 0.05).n = 4-5

per group.



undifferentiated cancer at 18 or 30 wks.
Nevertheless, in the TRAMP model, it
was found that prostate cancer could
progress to an invasive neuroendocrine
phenotype (42,43). It would be interesting
to analyze the role of iodine in the acqui-
sition of the neuroendocrine phenotype,
since recent studies in neuroblastoma cells
show that I, induces antiproliferative ef-
fects and sensitizes these cells to the dif-
ferentiating effects of retinoic acid (9,44).

CONCLUSION

Our data show that although normal
and cancerous prostate take up both I"
and I, the supplementation with a mix-
ture of these two forms of iodine does not
modify the physiopathology of the
prostate. The inability of iodine to induce
cell arrest or apoptosis could be ex-
plained by continued and exacerbated ex-
pression of TAG-oncoprotein (inhibitor of
p53 and Rb) in the TRAMP model. Stud-
ies in less aggressive preclinical models,
whose action mechanism does not in-
volve a direct inactivation of p53, will be
necessary to better understand the iodine
effects on prostate tumor biology.
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