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Abstract

We analyzed the effect of molecular ioding)(Ipotassium iodide (KI) and a subclinical concentration of thyroxine (T4) on the induction
and promotion of mammary cancer induced\synethyl-N-nitrosourea. Virgin Sprague-Dawley rats received short or continuous treatment.
Continuous § treated rats exhibited a strong and persistent reduction in mammary cancer incidence (30%) compared to controls (72.7%).
Interruption of short or long term treatments resulted in a higher incidence in mammary cancer compared to the control groups. The protective
effect of L, was correlated with the highest expression of th&Cl~ transporter pendrin and with the lowest levels of lipoperoxidation
expression in mammary glands. Triiodothyronine serum levels anf Nsymporter, lactoperoxidase, or p53 expression did not show any
changes. In conclusion continuoygreatment has a potent antineoplastic effect on the progression of mammary cancer and its effect may be
related to a decrease in the oxidative cell environment.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction eral recent ones support the notion of a possible link between
breast cancer and thyroid function or iodine intakaiin et
Reproductive history has a consistent effect on increasingal., 200Q. Although the evidence that abnormal thyroid func-
ordecreasing therisk of developing breast cancer. Early age ation increases the risk of breast cancer remains controversial,
menarche, late age at menopause, and nulliparity increase theubclinical hypo- or hyper-thyroidism have been associated
risk of awoman for developing breast cancer. Conversely, late with an increase in MNU-induced mammary cancers or with
age atmenarche, early age at menopause, and early age atfirstreduction in the tumor size, respectivelyl{ and Huggins,
pregnancy decrease this risk. However, a majority of women 1960; Milmore et al., 1982 The mechanisms by which thy-
that develop breast cancer do not have any of these risk factorgsoid hormones (TH) exert these effects are not clear. Itis well
(Seidmanetal., 1992There is compelling evidence showing established that TH alters the secretion of gonadotropins, as
that endocrine systems other than the reproductive one maywell as the metabolism and receptor binding of steroid hor-
play a role in breast carcinogenesis. Earlier studies and sev-mones. Thyronines also play an important regulatory role in
both growth hormone and prolactin secretigmderson et
al., 200Q. Another possible mechanism may involve iodine
* Corresponding author. Tel.: +52 4422381067; fax: +52 4422381038.  P€r se. lodine is a well-known micronutrient essential for TH
E-mail addresscaracev@servidor.unam.mx (C. Aceves). synthesis in all vertebrates, as well as a promoter of metamor-
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phosis or transformation of life stages (pupa to larvae, larvae In relation to a possible generation of intracellulgrre-

to adult, sessile to free life, etc) in several invertebrates. Re-cent data show that the mammary gland of pubertal, pregnant
cently several authors have proposed that iodine acts as and lactating rats express a rapid deiodinase enzyme called
powerful antioxidant agent or even binds to lipids to regulate type 1 (Diol), which locally converts the prohormone T4
cellular proliferation Pisarev and Gartner, 2000; Venturi et into the active thyroid hormone, T3. This conversion also re-
al., 2000; Smyth, 2003 Moreover, it has been well demon-  sults in high intracellular concentrations of iodinkcéves
strated that the gastrointestinal tract is able to uptake iodineet al., 1999. Although the chemical form of the iodine that
as both molecular iodinef) and iodide (I'). The distribution results from deiodination has not been determined, it pos-
ofthese two species in blood, stomach, skin and thyroid gland sibly corresponds to a different and perhaps more reactive
is different (Thrall and Bull, 1990. I~ appears more efficient  form than . This notion is supported by preliminary obser-
than b in restoring the thyroid gland to its normal state from vations by our group showing that the Ma uptake from

the goitrous condition found in iodine deficiency. However, serum exhibits a different compartmental profile than that
the opposite seems to occur in the mammary gland. lodineobserved for'2% generated by deiodination d£-T4 in
deficiency has been shown to alter the structure and func-lactating mammary glandAgeves et al., 2005 In addi-

tion of the mammary glands of rats, especially alveolar cells. tion, we have found that in human breast can€galfardo

I is distinctly more effective than™lin diminishing duc- de la O et al., 2000 rat MNU-induced mammary cancer
tal hyperplasia and perilobular fibrosis in mammary glands, (Aceves et al., 2002 or in immortalized cell linesGarda-
using the same total iodine doses in both treatmefggi( Solis and Aceves, 2003the expression of Diol is reduced.
etal., 1995. Deiodinase is increased in response to retinoic acid treat-

The importance of J in the treatments for mammary ment only in tumors arising during the first 4-6 months or
glands dysfunctions has been corroborated in human and anin the positive ovarian-hormone receptors human breast can-
imal models. Seaweeds, widely consumed in Asian coun- cer cell line MCF-7, suggesting that cancer progression is
tries such asvakame nori or mekabuused in sushi, soup, accompanied by an impairment of iodine generation in the
salads, and in powdered form as a condiment), contain mammary epitheliumAceves et al., 2002; Gaia-Sols and
high quantities of iodine in several chemical forms, i.e. Aceves, 2008
iodine, b and organified to proteins. They have been as- The present experiments were designed to analyze the
sociated with the low incidence of benign and malignant effect of b, potassium iodide (KI) and a subclinical con-
breast disease in Japanese women (iodine average coneentration of thyroxine (T4) on the induction and promo-
sumption in the Japanese population is 5g80day ver- tion of mammary cancer induced bymethyl-N-nitrosourea
sus 166—-209.g/day in Occidental populations, UK and (MNU). We also analyzed the expression of Diol, NIS,
USA, respectively) Cann et al., 2000 Traditional East- PEN, tumor suppressor gene p53 and the oxidative cell sta-
ern breast cancer medicine has long used iodine-rich seatus present in mammary glands and tumors in the different
weeds as a cancer treatment to “soften” tumors and “reduce”treatments.
nodulation. In 7,12 dimethylbenz]Janthracene (DMBA)-
induced mammary carcinoma in rats, Lugol’s solution (mix-
ture of I” and b) supplementation exerts a suppressive ef- 2. Materials and methods
fect on the development of mammary neopladi@t6 et
al., 1994. In subjects with iodine-deficient goiter, it is well 2.1. Animals
known that Lugol's solution administration effectively re-
duces thyroid size. Similarly,Itreatment of patients with Virgin, female Sprague-Dawley rats, 4 weeks of age,
benign breast disease is accompanied by a significant bi-were obtained from the vivarium of Instituto de Neurobi-
lateral reduction in breast size, in addition to causing a re- ologia, UNAM-Juriquilla. Rats were housed in atemperature-
mission of disease symptoms, which is not observed whencontrolled room (21 1°C) with a 12-h light/dark schedule.

I~ or protein-bound iodide was administratéghgnt et al., They were fed food (Purina rat chow; Ralston Purina Co.,
1993. St. Louis, MO) and water ad libitum. All of the procedures

Severalinvestigators have identified and characterized twofollowed UNAM and University of California Animal Care
different I~ active transports, the NA~ symporter (NIS) and Use Committee guidelines.
and CI /I~ transporter identified as pendrin (PEN) in sev-
eral organs including thyroid and mammary gla@Ga(rasco, 2.2. Carcinogen treatment
2000; Soleimani et al., 2001; Rillema and Hill, 2008
has been observed that sera from breast cancer patients with At 7 weeks of age, rats were anesthetized with a ketamine
positive thyroid-peroxidase (TPO) antibodies exhibit a po- and xylazine (Aveco, Fort Dodge, 1A) mixture (30 mg and
tent inhibitor effect on T uptake in their own breast cancer 6 mg, respectively, per kg body weight) and treated with a sin-
tissue as well as in positive-NIS cells culturdilbane et gle intraperitoneal injection of 50 mg/kg body weight MNU
al., 2000, however, no studies in relation tg Uptake are (Sigma St. Louis, MO). MNU was dissolved in 0.9% saline,
available. pH 5.0, and heated to 50-6CG (Thompson, 2000
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2.3. Radioiodine uptake assay tissue were collected for T3 serum level and lipoperoxidation
determinations, respectively.

The uptake analysis of both land b by thyroid, mam-
mary gland and tumors was assessed by u&figas Nal 2.5. Lipoperoxidation measurement in normal and
(NEN Life Science Products, Boston, MA). Oxidation of neoplastic mammary gland
125 - 10129, was achieved by reacting A&l with H,O, and
HCl according to the method describedMygAlpine (1945) The concentration of metabolites related to lipoperoxi-
andThrall et al. (1992a)n which the oxidation of T to I, dation were quantified in normal and neoplastic mammary
is 100%. The 4 production was corroborated by the turning gland tissue by thiobarbituric acid reaction and expressed as
of color of the solution toward red. Normal female rats and namoles of malondialdehyde (MDA)/mg protefttolenghi,
MNU-treated rats with tumors arising in the first 3 months 1959. Tumor samples were obtained from control MNU-
received i.p. doses of 50Ci/rat of either*22~ or 129,. In a treated rats when the neoplastic tissue grew to sizes larger
parallel group of rats, 6 mg of perchlorate (GIQ was i.p. than 2 cm in diameter. All manipulations were made rapidly
administered 2 h befor¥ injection. All animals were sac-  on ice to avoid peroxidation. Some modifications to the orig-
rificed 1 h posterior td2% administration. Thyroid, inguinal  inal method were introduced. To determine basal measure-
mammary glands, liver and blood were collected and their ments a sample of homogenate (0.5-1 mg protein) was in-
radiolabel was measured inyacounter (Packard, Palo Alto, cubated for 30 min at 37C in a 1 mL volume 150 mM Tris
CA). Only animals with similar blood radiolabel readings buffer, pH 7.4; incubation was ended by adding 1.5 mL 20%
(>5% of differences) were included. Data were normalized acetic acid (adjusted to pH 3.5 with KOH) and 1.5 mL 0.8%
as radioactivity uptake compared to liver (non-uptake organ), thiobarbituric acid. Parallel samples were incubated in pres-
by the following formula: (cpm/mg for thyroid, mammary ence of 10QuL 50 uM FeSQ; (+Fe) to increase lipid oxida-

gland or tumor)/(cpm/mg for liver). tion in order to quantify total lipoperoxidation. Samples were
kept for 45 min in a boiling water bath, 1 mL 2% KCI was
2.4. Effects of iodine treatments on mammary added to each sample at the end of the incubation. The col-
carcinogenesis ored complex formed was extracted with butanol—pyrimidin
(1:1%, v/v) and detected at 532nm. The extraction coef-
2.4.1. Short-term treatments with Kl angd | ficient of the MDA color complex was 0.0156 crhm 1.

At 5 weeks old, rats were sorted into three experimen- Protein quantification was determined by the Lowry method
tal groups using a randomization process and iodine treat-(Herrandez-Miioz et al., 1984
ments were started. The experimental groups were: (a) con-
trol; (b) 0.05% KI in drinking water (KI), and (c) 0.05% 2.6. T3 circulating levels
I2 in drinking water (b). The drinking water and the wa-
ter used for solutions were always distilled. 0.05%sblu- Serum T3 levels were measured by the homologous
tion was made considering iodine solubility (1.83.0~3 M) RIA method previously standardized with intra- and interas-
and the concentration was corroborated by titration with say variation coefficients of 9% and 12.8%, respectively
sodium thiosulfate Kenkel, 1993. After 2 weeks, MNU (Valverde-R and Aceves, 1989
was administered as described above to a subgroup of rats
of each experimental group. Dietary treatments were con-2.7. Mammary gland carcinogenesis
tinued for 1 week after carcinogen injection. At the end of
iodine treatments, four or five rats from each experimen-  Rats were weighed and palpated for tumors every week
tal group were sacrificed by decapitation. Mammary tis- beginning 1 month after carcinogen exposure during 16 or
sues were collected and stored frozen for RNA extraction. 26 weeks. A tumor was defined as a discrete palpable mass
Remaining rats were used to evaluate mammary gland tu-recorded for at least two consecutive weeks. Tumorincidence
morigenesis. At the end of the experiment (16 weeks), ani- was calculated as the percentage of animals with one or more
mals were sacrificed and tissues were collected as describeghalpable tumors per treatment. Tumor multiplicity was cal-

below. culated as the average number of tumors per animal in each
treatment group. The mean latency of tumor onset for each
2.4.2. Long-term treatments with Kp &nd T4 treatment group was calculated as the mean time interval (in

At the age of 5 weeks, rats were randomly allocated into weeks) from MNU injection to the appearance of the first pal-
four experimental groups: (a) control, (b) 0.05% Kl in drink- pable tumor. When the tumors had grown to 1.5-2.0cm in
ing water (KI); (c) 0.05% 4 in drinking water (), and (d) diameter, rats were anesthetized with a ketamine and xylazine
thyroxine in drinking water (T4, gg/mL). Treatmentsinthis  mixture (30 mg/6 mg/kg body weight, respectively) and the
experiment were started 2 weeks before MNU administration tumors were surgically removed and processed for the differ-
and continued for 26 weeks after carcinogen injection. Six- ent biochemical analyses. Tumor sizes were measured using
teen weeks after MNU injection, five rats from each experi- calipers and the volumes were calculated by the ellipsoid
mental group were sacrificed by decapitation and blood andformula (Thompson, 2000 Mammary tumor samples were
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fixed, embedded in paraffin, sectioned and stained with hema-and Tukey’s honest significant difference tests. Values with
toxylin and eosin (H&E) for histological classification. p<0.05 were considered statistically significant.

2.8. RT-PCR
3. Results

Messenger RNAs were identified by a standardized semi- ) . )
quantitative PCR procedure in which an amplicon of the 3:1. Histological analysis
structural protein cyclophilin (Cyc) was used as a control for )
mRNA quantity and integrityAceves et al., 1999 Briefly, Mammary glands were evaluated both macro- and mi-
total RNA was extracted using TRIzol reagent (Life Tech- groscopmally for thg presence of cancer. Various com_bma—
nologies, Inc) eluted in RNAase free water (60) and stored  tions of papillary, cribiform or comedo mammary carcino-
at—70°C. The extracted RNA (0.5-2g) was reverse tran- Mas were detected. No correlation between hlstologlcal type
scribed using oligo(deoxythymidine) and a specific NIS anti- ©f mammary cancer and treatments was obserkégl. 1
sense primerTable 3. PCR was carried out in a final 0. shows representative _H&E sections of normgl virgin mam-
volume containing: 1L 10 dNTP Mix (Invitrogen Life- ~ mMary gland and MNU-induced mammary carcinomas. In ad-
Technologies), &L 10x Buffer (KCI 500 mM, Tris—HCI dltlon,aIIanlmaIssubJectgd tothe @fferentexperlmentalpro-
pH 8.3 100 mM, gelatin 1Q.g/mL), 2.5.L 30 mM MgCl, tocols shqwed the same increase in body weight and normal
1uL 10 pM oligonucleotide primers and 5 U Tag DNA poly-  réproductive cycles.
merase and 1-2L cDNA. Each PCR cycle consisted of a de-
naturation step, 94C for 45 s, an annealing step—356 for 3.2. Radioiodine uptake
Cyc, Diol and NIS, 60C for p53, 58°C for PEN, 61°C for
lactoperoxidase (LPO)—during 45 s, and an extension step, To corroborate that virgin normal and tumoral mammary
72°C for 45s. As controls, two different reaction mixtures glands are capable of taking up iodine, groups of animals were
were used, one containing a RT mixture without RNA and injected with2%~ or 129),. Fig. 2 shows that both normal
with all PCR reagents, and the second containing a sampleand tumoral mammary glands exhibit similar label quantities
with appropriate reactants but with water instead of cDNA. independently of the chemical form of iodine injected. Also,
Both controls were included in every experiment. Primers it is observed that only the radiolabeled capture frgi—
used are shown iffable 1 Resultant PCR fragments were injected animals was partially inhibited by perchlorate, sug-
521 bp for Cyc, 251 bp for Diol, 377 bp for NIS; 291 bp for gesting that in2%, injected animals, the mammary gland
p53; 488 bp for PEN and 298 for LPO. Five microliters of and tumors labeled capture may not depend on the Nal sym-
the PCR product were electrophoresed through a 2% agaros@orter (NIS). In contrast, thyroid gland exhibits significant
gel containing ethidium bromide on TAE buffer. Gels were differences either in the amount of labeled capture as in its
viewed under UV light, photographed, and analyzed by a perchlorate inhibition, in relation with the chemical form of
computer-assisted densitometric scanning of these imagesiodine injection. It is evident that it?°l, injected animals a
The relative abundance of different mRNAs was calculated significantly lower labeled capture is exhibited; this capture
using the values of densitometric scanning of all specific am- is less sensitive to perchlorate.
plicons and normalized by the Cyc mRNA amplicon.

3.3. Effect of short-term iodine treatments on mammary
2.9. Statistical analysis cancer induced by MNU

The effects of dietary treatments on mammary cancer in-  In this experiment we studied whether acute Kl or |
cidence were analyzed using<2 contingency tables and treatments could act at the initiation step of mammary car-
a chi-square test. The effects of treatments on tumor mul- cinogenesis induced by MNUable 2shows overall cancer
tiplicity, tumor latency, tumor size, MRNA expression, and development in short-term (3 weeks) iodine treatments 16
T3 circulating levels were analyzed using one-way ANOVA weeks after MNU injection. No significant differences were

Table 1

RT-PCR primer sequences

MRNA GenBank accession no. Sense/antisense primer sequénrse3(b

Cyc, nt 7-526 M19533 AGA CGC CGC TGT CTC TTT TCG/CCA CAC AGT CGG AGATGG TGATC
Diol, nt 377-627 X57999 GCACCTGACCTTCATTTC TT/CTG GCT GCT CTG GTT CTG

NIS, nt 790-809 u60282 CCG GAT CAA CCT GAT GGA CT/CCT GAG GGT GCC ACT GTA AG

PEN, nt 1491-1978 AF167412 CAT TCT GGG GCT GGA CCT C/CCTTCG GGACATTCACTT TCA

LPO, nt 1042-1339 X\MR20831 AAA GCC CAG TGT GAC GAG CA/GCC GTC CAT GGT CTG AGACT

p53, nt 287-578 X13058 CTG GCCTCTGTCATC TTC CG/CCG TCA CCATCA GAG CAACG

CyC: cyclophilin; Diol: deiodinase type I; NIS: sodium/iodide symporter; PEN: pendrin; LPO: lactoperoxidase.
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Fig. 1. H&E paraffin sections of normal and neoplastic mammary gland. (A) Mammary gland of an untreated 19-week old virgin rat, (B and C) MNU-induced
mammary gland carcinomas (magnificatied0).

5 - MNU
2 1250 1 [ Control A KLLMNU
£ | — CIOo,- =¥ 1,-MNU
& 1000 100 4

T 750 1

o

S, 500 1 *

s 250 1 * ™

: E

& i

n
=]
i

25 4 End of treatment _—

Weeks After MNU

Rats with Mammary Tumors (%)

|

Fig. 3. Effectof short-termiodine treatments on mammary cancer incidence.
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50% incidence, whereas control and Kl presented a less
than 20% incidence. At week 12th post-MNU, short-term
I, treated rats reached 100% mammary cancer incidence,
Fig. 2. 125~ and 1?51, uptake in control and perchlorate (GO treated whereas the C(.)nt.rOI and Kl treat.Ed animals presented only
rats. Virgin normal and tumoral MNU-treated rats were i.p. injected with 50% and 37% incidence, respectlvely. These results suggest
6mg of CIy~ 2h before i.p. administration of 50Ci of 1251~ or 125, that the interruption ofJ treatment is accompanied by an

Data were normalized as radioactivity uptake compared to liver (non-uptake accelerated mammary tumor development.
organ). Values are expressed as me&hD. (1= 3). Asterisk (*) indicates
significant differencesy< 0.05). Abbreviation: MG, mammary gland.

125)- 125|2

3.4. Effect of long-term iodine and T4 treatments on
mammary cancer induced by MNU

found in incidence, multiplicity and tumor latency between

control and iodine treatments. However, as it is shown in  Table 3summarizes the effect of long-term Kb, &nd T4
Fig. 3, onset of mammary carcinomas occurred earlier in treatments on mammary carcinogenesjsadministration
those animals where Itreatment was discontinued. After for 16 weeks after MNU was the only effective antineoplastic
8 weeks post-MNU short-term; Itreated rats presented treatmentFig. 4 shows the time-course of mammary cancer

Table 2

Effect of short-term Kl andJ treatments on mammary carcinogenesis after 16 weeks of MNU administration

Treatment No. of rats with cancer % Cancer latency (wéeks) Carcinomas per rat
MNU 11/12 917 11.0+ 2.9 23t14

KI-MNU 9/13 69.2 11.6+ 2.2 1.8+0.7

12-MNU 10/10 100 9.3t 18 1.9+0.6

Five weeks old rats were treated with 0.05% of either Kloinldrinking water for 3 weeks. At 7 weeks of age, rats received a single i.p. injection of MNU
(50 mg/kg body weight).

2 Mean%S.D.
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Table 3

Effect of long-term K, b and T4 treatments on mammary carcinogenesis after 16 weeks of MNU administration

Treatment No. of rats with cancer % Cancer latency (wéeks) Carcinomas per rat
MNU 8/11 72.7 10.&+ 0.9 1.5+£0.7

KI-MNU 10/11 93.7 9.8+ 1.2 1.8+0.6

1,-MNU 3/10° 30.0 12.7+ 0.6 1.0£0.0

T4-MNU 9/11 81.8 9.9 2.9 25+1.7

At 5 weeks of age, rats received Kl (0.05%)(0.05%) or T4 (3.g/mL) treatments in the drinking water. Two weeks later, rats received a single i.p. injection
of MNU (50 mg/kg body weight) and the treatments were continued until 16 weeks elapsed.

a8 Mean+ S.D.

* Representp<0.05 compared to MNU.

incidence. On week 12th post-MNU administration, the | expression of Diol, NIS, PEN and LPO. We also studied
group presented only 10% incidence of mammary cancer, p53 mRNA expression to know if the protective effect of
whereas in both control and T4 groups the incidence was 72%Il, was related to an apoptotic pathw#yg. 5 summarizes
and in KI 90%. On week 13th post-MNU administration, the expression of these genes in the different groups after
I treated rats reached a 30% incidence of mammary cancer3 weeks of continuous treatment. Data showed that Diol
and remained that way until week 16th. The incidence in expression is increased with freatment in normal tissue,
the rest of the groups rose to more than 72%. Moreover, thebut it is impaired in MNU treated animals. In contrast, PEN
development of the first tumor was also delayeditréated expression increased in treatment with MNU. NIS and
animals compared to the other groups (12th week versus 10thp53 showed no changes. LPO mRNA analysis showed that
week, respectively). After 16 weeks post MNU injection, this enzyme was not present in any of the groups (data not
the L, group was divided; one-half was maintained with their shown).

treatments, whereas the second half was changed to drinking To determine if iodine treatments affected thyroid status
water only. After 8 weeks, interrupted tfreatment animals ~ we measured T3 circulating levelg. 6summarizes the cir-
reached 100% cancer incidence. This result indicates thatculating T3 levels of all groups after 16 weeks of treatment.
the continuous presence of Is necessary to sustain its

antineoplastic effect. b

3.5. Biochemical analysis
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In order to establish if MNU treatments affect the uptake 150

and/or local generation of iodine we analyzed the mRNA ¢
Q' 120~ I
=41 OO
& MNU End of treatment 0
- -4 KI.MNU
N v 1-MNU o 120 -
% 1004 © T4-MNU e o 5* b b
P H <
S Ak Ak k] : Z 604 T
E & | (o] E I'_Ia
s .
; 751 g : 0-
: - o 2007
E -6 o - -—
5 50 1 i_,__l ‘ R 100 - b
= ! , b
= Q"i % %k ok %k % % ¥ kx % ¥ l‘ * % 0
= i v
B 251 i H,0 KI I,
2 |
<
4 Control MNU
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4 8 12 16 20 24 Fig. 5. Diol, NIS, PEN and p53 mRNAs expression in mammary gland of
Weeks After MNU iodine treated rats. After 3 weeks of treatment and 1 week post-MNU injec-

tion rats were sacrificed. Messenger RNA quantification was performed by
Fig. 4. Effect of long-term iodine and T4 treatments on mammary can- semi-quantitative RT-PCR as described in Sec#ofhe structural protein
cer incidence. Five weeks old rats received Kl (0.05%)0.05%) or T4 cyclophilin (Cyc) was amplified to check for RNA quantity and integrity.
(3ng/mL) treatments in the drinking water. Two weeks later animals were The relative abundance of the different mMRNAs was calculated using the val-
injected with MNU (50 mg/kg body weight), and the treatments were con- ues of densitometric scanning of all specific amplicons and normalized by
tinued until 16 weeks. At this time; treated animals were divided; one-half ~ the Cyc mRNA amplicon. Values are expressed as me@rD.; the experi-
maintained their treatments while the other half received only drinking water ments were repeated three times with independent RNA samples. Different
(dark inverted triangles). Asterisk (*) represepts0.05 compared to MNU. superscripts represent significant differenqes @.05).
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that animals with4 treatment, with and without MNU, have a
significant reduction in both basal and?ténduced lipoper-
oxidation in comparison with the other treatments. MNU-
induced tumors exhibited the highest basal lipoperoxidation.

120

90 | T

60 _|
4. Discussion

T3 (ngrd1)

30+ This is the first report showing that s a potent pro-

tective agent against MNU-induced mammary cancer. These
data agree with several other studies showing that treatments
with iodine-rich seaweeds or Lugol’s solution,(KI mix-
ture) have a protective effect on chemical-induced mammary
Control MNU carcinogenesiskato et al., 1994; Funahashi et al., 1999
The finding in our study that high and continuogscbn-
Fig. 6. Circulating T3 levels in long-term treated animals. The results rep- centrations are necessary to prevent mammary cancer inci-
resent the meah S.D. (1=5 rats). Sixteen weeks after MNU injection  janeae jndicates that its effect is achieved at the promotion
rats were sacrificed. Different superscripts represent significant differences . . . L
(p<0.05). level. It also corroborates epidemiological findings regard-
ing the relative low rate of breast cancer reported in Japanese
women whose normal diet is seaweed rich, as well as in-
creasing breast cancer rates in Japanese women who immi-
grate or consume a Western style die¢ Marchand et al.,
1985. Besides, our data confirm thatbut not the T treat-
ment, contribute to the maintenance of the normal integrity of
mammary glandeskin et al. (1995have shown that iodine
deficiency alters the structure and function of rat mammary
gland, especially alveolar cells, and thatd distinctly more
effective in diminishing ductal hyperplasia and perilobular fi-
rosis inthe mammary glands of both rats and hum@hg(t
t al., 1993; Eskin et al., 19950ur data also show tha |
treatmentincreases PEN expression suggesting a positive up-
take mechanism fopl This proposal is reinforced by our data
showing that virgin mammary glands are capable of captur-
ing radiolabeled iodine in several forms even when the NIS
has been blocked. This evidence is in agreement with pre-
vious reports showing PEN expression and the presence of
17 - the sulfate/iodide exchanger in mammary glarsisghnan,
LI 2001; Rillema and Hill, 2008
131 c * Another remarkable result from the present work is that
S d I ;I MNU administration is acgompanied py an impaired expres-
sion of Diol enzyme. This enzyme is present only during
puberty, pregnancy and lactatioAgeves et al., 1995 and
5 B may represent another source gfih the mammary gland.
1.5+ D Effectively, the conversion of T4 to T3 is accompanied by

o L LT L1 L]

HO KI I, T, HO  KI I, T,

Data showed that only T4 treated groups increased their cir-
culating T3 levels.

3.6. Lipoperoxidation in normal and neoplastic
mammary gland

In order to determine if iodine treatments involved an an-
tioxidative effect, lipoperoxidation in mammary gland of rats
treated with $ and Kl with and without MNU after 16 weeks
oftreatmentwas measured. Also we include the measuremen
of MDA in several tumors from the control MNU-treated
group which arose during the first 12 weeks after MNU-
injection. Fig. 7 shows that MNU-treated glands express a
higher basal lipoperoxidation than controls. It is also clear

[ Basal Oxidation
[] Oxidation + Fe

=
=

3.04

nmoles MDA/mg protein

: : a . the local generation of a high iodine concentration. More-
0.0 El |j O | | | | ﬁ over, cancer processes in thyroid or mammary glands from
Hy0 KI L Hy0 Ki L animals and humans is generally accompanied by the loss
of Diol expressionGallardo de la O et al., 2000; Aceves et
Tumor al., 2002; Garm-Sols and Aceves, 200Q3lt is possible that
Normal tissue carcinogenetic mechanisms involve the turning off of genes
related to iodine uptake or local generation.
Fig. 7. Lipoperoxidation in long-term treated normal and neoplastic mam- Recently several authors have proposed that iodine acts
mary glands. Normal and MNU treated animals were sacrificed 16 weeks af- 55 a1 antioxidant agenvgnturi et al., 2000; Smyth, 2093

ter MNU injection. Tumors correspond to control animals and to those arising | I bl f trati iodi thi t
within the first 12 weeks after MNU injection. Values represent me&nD. n cells capable of conceniraling lodine &s this acts as

Different superscripts represent significant differenges@.05). Asterisk an electron donor in the presence of®3 and perOXidases_-
(*) indicates significant differences when compared wig@Htontrol group. Tseng and Latham (1984)ve shown that TH reduces in

Control MNU
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vitro lipoperoxidation of linoleic acid, even more effectively Although this study does not show a direct protective ef-
than Vitamin E, glutathione and ascorbic acid. Furthermore, fect of I, our findings clearly indicate that ik Ineeds to
it has been shown that Kl is a specific scavenger of hydroxyl be transformed, the resultant components are not TH or |
radicals Murata et al., 198% and that Nal increases more Further investigations will be necessary to elucidate the bio-
efficiently than ascorbic acid the total antioxidant status in chemical pathways involved in luptake, metabolism, and
serum of healthy donord\(inkler et al., 200D. The lack of signaling.
effect evinced in the Kl treatment in the presentwork may be  In summary, our data show that continuoggreatment
explained by the absence of LPO activity in mammary glands is an effective inhibitor in MNU-induced mammary carcino-
from pubertal and virgin rats, being only present during preg- genesis. Its action is at the promotional level and the pro-
nancy and lactatiorStrum, 1978. LPO is a homologue pro-  tective mechanisms may involve the regulation of the cell
tein of TPO; both enzymes are able to oxidizetb bind oxidative environment. Chronig ltreatment is not accom-
iodine to proteins or lipids. A specific iodination species has panied by any harmful secondary effect on the health of the
not yet been identified but several candidates exist, such as | animals (body weight, thyroid economy, reproductive cycle).
(iodinium), I° (iodine free radical), 10 (hypoiodite), and4 Thus, we propose that treatment must be considered a can-
(Smyth, 2003. Moreover, it has been shown that a Kl excess didate to be used in clinical trials as an adjuvant of breast
can induce apoptosis in thyroid and cancer cells only if full cancer therapy.
TPO activity is present. In this respetftale et al. (2000)
show that an excess of Kl induces apoptosis in thyroid cells,
butif TPO activity is blocked with propylthiouracil the apop-
totic effect of Kl is cancelled. BesideZhang et al. (2003)
using lung cancer cells transfected with NIS or NIS/TPO, ob-
served that only in NIS/TPO transfected cells did a Kl excess
induce apoptosis.

All these data indicate that™| from Kl needs to be
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