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Abstract

Objective: Oxidative stress has emerged as a major etiological factor for breast cancer. Diet derived
antioxidants play an important role against oxidative stress and the aim of the present study was to examine
roles of non-enzymatic antioxidants in breast cancer in IndiaMethods: Plasma non-enzymatic antioxidants;
beta-carotene, vitamin A, vitamin E and vitamin C were analyzed spectrophotometrically from 70 healthy female
controls, 30 patients with benign breast diseases (BBD) and 125 untreated breast cancer patients (BCR&3ults:
Plasma vitamin C levels were significantly lower in patients with BBD as compared to the controls (p=0.043).
Plasma beta-carotene, vitamin E and vitamin C levels were significantly lower in BCPT as compared to the
controls (p=0.0001, p=0.040 and p=0.0001, respectively). Plasma vitamin A levels were significantly higher in
patients with BBD and BCPT as compared to the controls (p=0.0001 and p=0.0001; respectively) and in BCPT
as compared to patients with BBD (p=0.030). ROC curve analysis revealed that plasma beta-carotene and vitamin
A could significantly discriminate between controls and patients with BBD (p=0.016 and p=0.000; respectively).
Plasma beta-carotene, vitamin A, vitamin E and vitamin C could significantly discriminate between controls
and BCPT (p=0.000, p=0.000, p=0.001and p=0.001, respectively). Plasma vitamin E levels could significantly
discriminate between patients with BBD and BCPT (p=0.055). Odds ratio analysis revealed that, increasing
levels of plasma beta-carotene, vitamin E and vitamin C were significantly associated with decreased risk of
breast cancer (p=0.0001, p=0.003, and p=0.0001; respectively), whereas, increased risk was linked to plasma
vitamin A (p=0.001). Conclusions: The trends of the current study provide interesting clues to the etiology of
breast cancer and suggest significance of interplay of non-enzymatic antioxidants in breast cancer. Further in-
depth study is warranted to elucidate role of these antioxidants as a preventive measure.
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Introduction abnormal cellular growth and forcing damaged or initiated
cells to undergo progression (Klaunig and Kamendulis,
Breast cancer is the leading female malignancy wit2004). Cells are endowed with an antioxidative defense
varying morbidity and mortality globally. In India, system, consisting of a variety of enzymatic and non-
increasing trend for carcinoma of breast is observed ienzymatic antioxidants to combat oxidative insults thereby
females during the last few years (Bagchi 2008; Yeolgrotecting cellular macromolecules from detrimental
2008, ). The major influences on breast cancer risk appeeffects of OS.
to be certain reproductive factors, body size/obesity, Among these antioxidants, dietary antioxidants (e.g.
alcohol, physical activity, exogenous hormones (orab-carotene, vitamin A, vitamin E and vitamin C) have
contraceptives, hormone replacement therapy), antbeen associated with altered cancer risk. Antioxidative
possibly, diet. However, the varying rates of breast cancsitamins have a number of biological activities such as
signify that environment and lifestyle factors are importanimmune stimulation, inhibition of nitrosamine formation
culprit for breast cancer (Parkin 2005). Evidence indicateand alterations of metabolic activation of carcinogens
that oxidative stress (OS) resulting from a little imbalancéRay and Husain 2002). It is documented that, vitamin A
between oxidants and antioxidants has strong linkage witind b-carotene have several potentially anticarcinogenic
breast cancer risk (Ambrosone 2000). OS contributes fgroperties in mammary cancer cell lines including effects
multistep carcinogenesis by several distinct mechanisn proliferation, differentiation and apoptosis (Prakash
including direct damage to DNA, alterations inet al, 2000). Vitamin E is the major chain breaking
intracellular signal transduction pathway leading tocantioxidant, which inhibits carcinogenesis primarily
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through its antioxidant activity (Helliwell, 1994). Vitamin 144e 1. Clinical Details for Breast Cancer Patients
C acts as antioxidant by scavenging physiologically
relevant reactive oxygen species. Vitamin C can alsféanAge (Féange) 242535(2)5'1812) \;esarzs
regenerate other small molecule antioxidants, such %ean BMI (Range) 30 (11.5-36.2)

- . . .Menopausal status Pre-menopausal 44
vitamin E, glutathione, urate and b-carotene from their P P

. . . . Post-menopausal 73
respective radical species (Padayatty et al, 2003). Various Peri-menopausal 8
investigators have reported importance of dietary intak@jistopathology: Ductal Carcinoma In situ (DCIS) 4
of these antioxidants and their role as anticarcinogenic Invasive ductal carcinoma (IDC) 104
agents in various malignancies (Divisi et al, 2006; Jenab Infiltrating DC (INFDC) 4
et al, 2006; Weinstein et al, 2007). However, very few Infiltrating lobular carcinoma (ILC) 1
studies have explored circulating non-enzymatic ~ Others 12
antioxidants in breast cancer etiology (Simon et al, 20063tage of the disease (TNM)  Stage | 3
Wu et al, 2000; Ray and Husain, 2001; Ching et al, 2002; Etalge gt ol ‘Z)
Sato et al, 2002; Tamimi et al, 2005; Sharhar et al, 2008). Sgg/e(”lages ) 61

Thus, a special attention is needed for these potential Stage IV 4
protective factors and to their levels in breast cancer. Advanced (llI+1V) 65
Therefore, aim of the present study was to analyze plasnigmph node involvement Yes 52
levels of non-enzymatic antioxidant status in breast cancer No 41

patients (BCPT), patients with benign breast diseases
(BBD) and healthy female individuals to determine theiantioxidant levels among the three categories of the

role in the etiology of breast cancer. subjects. Odds ratios (ORs) were calculated by logistic
regression with 95% CI. Pearson’s correlation analysis
Materials and Methods was carried out to find out the correlation of plasma non-
enzymatic antioxidants in BCPT. A significant effect of
Subjects variable was judged with a ‘p’ valu®.05.

Women referred for management of biopsy confirmed
breast cancer at the out patients department of The GujaRésults
Cancer & Research Institute (GCRI) were recruited for
the study. Eligible cases were aged between 25 to 82 yedPfasma levels of non-enzymatic antioxidants in controls,
Breast cancer cases ineligible for the study were gstients with BBD and breast cancer patients
follows: pregnant women, women with multivitamin ~ Comparison of plasma non-enzymatic antioxidants
supplementation, women with lumpectomy done befordyetween controls patients with BBD and BCPT is
women who received alternative treatment and womeiustrated in Table 2. Mean levels of plasma beta-carotene
having major illness in recent past. One hundred twentyere significantly lower in BCPT as compared to the
five cases after diagnosis of breast cancer but befocentrols and patients with BBD (p=0.0001 and p=0.034;
initiation of any treatment were enrolled and their clinicatespectively). Plasma vitamin A levels were significantly
details were collected (Table 1). The majority (83.2%higher in patients with BBD and BCPT as compared to
had invasive ductal carcinomas. TNM staging washe controls (p=0.0001 and p=0.0001; respectively) and
conducted with grouping into early (stages | and Il) anthe levels were also elevated in BCPT as compared to
advanced (Stage Ill and IV). Lymph node (LN)patients with BBD (p=0.030). Plasma vitamin E levels
involvement was also assessed. Seventy healthy femalere significantly lower in BCPT (p=0.04) as compared
controls and 30 patients with BBD were also included itto the controls. Plasma vitamin C levels were significantly
the study. Informed consent was obtained from all thiwwer in patients with BBD and BCPT as compared to
subjects. Fasting blood samples were also collected frotfme controls (p=0.043 and p=0.0001; respectively) and also
the subjects in heparinized vacuettees. lower in BCPT as compared to patients with BBD

(p=0.045).

Plasma Analysis

The separated plasma was stored at light tiglRlasma levels of non-enzymatic antioxidants relative to
conditions at -20°C until analysis. The entire analyses afage of disease and LN involvement
b-carotene, vitamin Aand E were carried out in dim red Table 3 depicts comparison of plasma levels of non-
light. Beta-carotene and vitamin A (Dugan et al, 1976)nzymatic antioxidants in patients with early and advanced
vitamin E (Baker and Frank, 1968) and vitamin C (Roestage of disease as well as patients without LN
1961) were estimated by highly sensitiveinvolvement and with LN involvement. Mean levels of

spectrophotometric methods. plasma vitamin Awere significantly lower in patients with
advanced stage disease (p=0.05). Vitamin E levels were
Statistical Analysis significantly lower (p=0.033) in patients with LN

Statistical analysis of the data was carried out witinvolvement.
SPSS statistical software (version 10). Student'’s ‘t’ test
was used to compare mean levels. Receiver operati®RDC Curve Analysis
characteristic (ROC) curves were constructed to determine Figure la/b/c documents ROC curve analysis of
the discriminating efficacy of plasma non-enzymatigplasma beta-carotene, vitamin E and vitamin C between
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Table 2. Plasma Non-enzymatic Antioxidant Levels p=0.000) between controls and breast cancer patients.
(mg/L) for Controls and Breast Disease Patients
b-Carotene Vitamin A Vitamin E  Vitamin c AAssessment of risk : odds ratio analysis for non-enzymatic

Parameter ..

antioxidants
Controls ~ 2.340.14 0.530.04 15.%1.22 3.540.36 The OR for non-enzymatic antioxidants was calculated
BBD 1.8720.24 1.080.13 14.31.54 2.5%0.30

for breast cancer risk. The data obtained by comparison
of the highest with the lowest quartiles were as follows:
Table 3. Plasma Non-enzymatic Antioxidant Levels plasma b-carotene, 0.10 (C.I. 0.04-0.27); plasma vitamin
with Reference to Disease Stage and Lymph Node (LN) A, 62.09 (C.1. 13.18-292); plasma vitamin E, 0.04 (C.I.
Involvement 0.00-0.36); and plasma vitamin C, 0.17 (C.I. 0.07-0.42).
The OR analysis revealed that higher quartile with higher
levels of plasma vitamin A were significantly associated
Early Stage 1.390.08 17@0.17 12.92.09 1.840.16  \jth increased risk of breast cancer (p=0.0001). In
C\ﬁt\;%nuielijN 11525133'88 i'gig'ig igg;i’g ;'gigig contrast, higher quartiles with increasing levels of plasma
With LN 1.3130.09 13%0.11 972134 188016 b-carqtene, v.|tam|n E and V|.tam|n C were S|gn|f|ca.ntly
associated with decreased risk of breast cancer (Figure-
different groups. Plasma b-carotene could significantly2@). The lipid adjusted OR for lipid soluble vitamins shows
discriminate between controls and patients with BBDthe similar results: plasma b-carotene, 0.126 (C.I. 0.04-
(AUC=0.663, P=0.016) (Figure 1a). It was also found tha-.37); plasma vitamin A, 62.95 (C.I. 12.76-310.36) plasma
mean levels of plasma b-carotene (AUC=0.795, p=0.00)itamin E, 0.05 (C.I. 0.006-0.41) (Figure-2b).
vitamin E (AUC=0.656, p=0.001) and vitamin C
(AUC=0.652, p=0.001) could significantly distinguish Correlation of antioxidants in breast cancer patients
between controls and BCPT (Figure-1b). The mean The correlation of plasma non-enzymatic antioxidants
plasma vitamin E (AUC=0.619, p= 0.055) could is shown in Table 4. Pearson’s correlation documented
significantly discriminate between patients with BBD andthat the alterations in plasma b-carotene levels showed
BCPT (Figure -1c). Figure 1d/e/f shows ROC curves fosignificant positive association with plasma vitamin E
plasma vitamin A between controls and patients wit{p=0.028) and significant negative association with
BBD, BCPT, and BBD and BCPT. It revealed that ROCplasma vitamin A (p=0.000). Alterations in plasma vitamin
curve for mean levels of plasma vitamin A (AUC=0.744,A levels showed significant positive association with
p=0.000) could significantly discriminate between plasma vitamin C (p=0.000) and significant negative
controls and patients with BBD as well as (AUC=0.834,association with plasma vitamin E (p= 0.000) and

Cancer 1.320.05 1.4%0.08 12.61.03 1.9@0.10

Parameter b-Carotene VitaminA Vitamin E Vitamin C
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Figure-1. ROC curves for nonenzymatic antioxidants. Figure 2. Odds Ratio Analysis for Plasma Non-
a) beta-carotene; b) vitamin C; c) vitamin E; d) vitamin A with enzymatic Antioxidants. a) Non-adjusted; b) Lipid-
BBD; e) vitamin Awith BCPT; f) vitamin Awith BBD + BCPT  gdjusted
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Table 4. Pearson’s Correlation Coefficients (R) of the present study of non-enzymatic antioxidant is that
Between Plasma Non-enzymatic Antioxidants it did not rely on dietary recall or records but on direct
Parameter Vitamin C Vitamin E Vitamin A measurement of plasma levels of antioxidants as it may
R P value R Pvalue R Pvaluedive a more accurate approximation of the amount
available to the target tissue than intake estimates.
b-carotene  0.030 = NS = 0.208 0.028 -0.040 <0.001 0 hrasent study, lower levels of plasma b-carotene
Vitamin A 0.325<0.001 -0.468 <0.001 . . L
Vitamin E 028 0.002 was observed which may be mainly due to the ability of
b-carotene to quench the singlet oxygen radical. b-
carotene can act as an intracellular redox agent that
Table 5. Multivariate Analysis between Non-enymatic behaves as protector against free radicals and can promote
Antioxidants and Clinicopathological Parameters free radical formation (Palloza et al, 2002). Plasma vitamin
Parameters b-Carotene Vitamin A Vitamin E Vitamin C A.Ievels were significantly higher in BCPT and patients
= p = p E p = p With BBD as compared to controls. The higher levels of
retinol may suggest abrupt retinoic acid signaling. Cellular
retinol binding proteins and nuclear retinoic acid receptors
Menopausal 0.07 0.78 1.17 0.28 001 0.89 1.23 O'27are mediators of retinoid action and it is reported that
LN+ 0.51 0.47 0.76 0.38 4.26 0.04 0.0020.97 .
Early/adv. 043 051 3.99.05 0.20 0.65 0.20 0.65 CRBP and RAR-b are down regulated in breast cancer
BR score 0.77 0.38 0.02 0.87 5.9802 2.90 0.09 (Kuppumabattl et al, 2000; Yang et al, 2002). The h|gher
N Grade 0.65 0.42 0.62 0.43 0.02 0.87 5.01 0.03 levels may also be due to consequence of deficient retinol
storage possibly due to the disabled genes such as CRBP-
1 or LRAT which are required for retinol storage function
alterations in plasma vitamin E showed significantand thus unable to store and metabolize retinol
negative associated with vitamin C in BCPT (P = 0.002)appropriately and compromises RAR activity leading to
loss of cell differentiation and tumor progression (Farias
Multivariate analysis of non-enzymatic antioxidants toet al, 2005). However, the lower levels of vitamin A in
evaluate their association with clinicopathological patients with advanced stage of the disease may be due to
features large requirement of retinoic acid needed for the tumor
Multivariate analysis was performed to evaluatecells in effort to become fully differentiated cells, which
possible correlation of non-enzymatic antioxidants withis obtained by higher conversion of retinol to retinoic acid
clinicopathological features of breast cancer patients. THeading to depleted levels of retinol in patients with
clinicopathological parameters included age, menopausativanced stage of disease. Lower levels of plasma vitamin
status, lymphnode involvement, early and advanced stagezand vitamin E were observed in the patients with BBD
of the disease, BR score and nuclear grade of the tumand BCPT as compared to the controls and plasma vitamin
The correlation of non-enzymatic antioxidants withE levels were significantly lower in BCPT with LN
clinicopathological features is documented in Table 5involvement as compared to patients without LN
Multivariate analysis revealed that alterations in vitaminnvolvement. The lower levels of vitamin E may be in
E levels were significantly associated with lymph nodeesponse to prevent oxidation of poly unsaturated fatty
involvement (F=4.26, p=0.042) and BR score (F=5.98acid (PUFA) against ROS attack. Vitamin E is the major
p=0.01). Vitamin C levels were significantly associatedchain breaking antioxidant and it is recycled from a-
with tumor nuclear grade (F=5.01, p=0.03) and vitamirtocopheroxyl radical to a-tocopherol by vitamin C. Thus

NS, Not significant

Age 0.35 0.55 0.36 0.55 0.23 0.62 0.31 0.57

BR, Bloom-Richardson; N, nuclear

A levels with disease stage (F=3.99, p=0.05). vitamin C plays an important role in recycling of a-
tocopheroxyl radical and thus indirectly involved in
Discussion neutralization of ROS. Vitamin C also spares glutathione

(GSH) and together with vitamin E prevent oxidation of

Assessment of serum/plasma levels of vitamins i$&SH and regeneration of both, vitamin E and vitamin C
important as, evaluation of serum/plasma micronutrientequires GSH. (Kumaraguruparan, 2002). We have also
status is more reliable and biologically meaningfulfound significantly lower levels of thiol in patients with
approach than dietary estimation of nutrition. Plasm&BD and BCPT as compared to controls [unpublished
levels reflect the dietary intake, absorption, utilization andlata] and the deficiency of plasma GSH may also be
other metabolic aspects including depletion of serumvesponsible for low levels of these antioxidants in patients
plasma and tissue nutrients due to oxidative stresgith BBD and BCPT. Significant lower levels of plasma
(Handelmann et al, 1996). Further, measurement of plasnm@n-enzymatic antioxidants in the current study strongly
non-enzymatic antioxidants b-carotene, vitamin E anduggest higher OS in the breast cancer patients. Analysis
vitamin C are considered as valid ways to measuref plasma enzymatic antioxidants in this group of subjects
exposure of dietary antioxidants and also calleghowed altered levels of enzymatic antioxidants, higher
‘Nutritional Biomarkers’ (Mayne, 2003). The biomarker lipid peroxidation and low thiol levels [unpublished data]
serves as an integrated measure of metabolism of tlsérengthen the fact of higher OS.
nutrient of interest and can be used as a measure of internal In accordance with the present study, Ito et al (1999)
dose, which is an indication of the amount of nutrientseported a significant inverse association between serum
available to the tissues after absorption and metabolisticarotene and carotenoids and breast cancer risk. Toniolo
(Potischman and Freudenheim, 2003). Thus, the advantageal (2001) showed that serum b-carotene levels were
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lower and retinol levels were higher in BCPT as compare@ may inhibit the progression of malignant disease. In

to controls and also documented that there was addition, this study of non-enzymatic antioxidants

progressive increase in the risk of breast cancer fgirovides a scientific basis for the use of nutritional

decreasing serum concentration of b-carotene. Variousupplementation with antioxidants during further

studies have showed significantly lower levels of plasma&eatment of breast cancer. However, human population

vitamin E and vitamin C in patients with BBD and BCPTis heterogeneous and requirements for these antioxidants

(Ray and Husain, 2001; Sharhar et al, 2008may differ among individuals suggesting baseline levels

Kumaraguruparan, 2002; Gerber et al, 1988; Thangarapf these antioxidants is necessary. Thus, this study may

et al, 1994). Further, marked decrease in vitamin E arigelp in the issues and challenges posed by the antioxidant

vitamin C levels was also observed in stage IV BCPTonundrum in breast cancer, warrants more studies in this

(Ray and Husain, 2001). area and attention of the researchers and policy makers.
The OR in the current study also indicated that higher
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and vitamin C were significantly associated with reduction

in breast cancer risk whereas, increasing quartiles withmbrosone CB (2000). Oxidants and antioxidants in breast

increasing levels of vitamin A were significantly  cancerAntioxid Redox Signa2, 903-17.

associated with increased risk of breast cancer. Ching Bf9chi S (2008). Breast cancer rises in InGlIAJ, 179, 27.

. . Baker H, Frank O (1968). Determination of serum tocopherol:
al (2002) showed that increased quartiles of serum Clinical Vitaminology: Wiley, New York, , 172.

cc')ncentrati.ons.of vitamin Awere'significa'ntl'y associatecthing S, Ingram D, Hahnel R, Beilby J, Rossi E (2002). Serum
with reduction in breast cancer risk. Tamimi et al (2005) |eyels of micronutrients, antioxidants and total antioxidant
showed inverse relationship for b-carotene with breast status predict risk of breast cancer in a case control siudy.
cancer risk. Nutr, 132, 303-6.

The ROC curve for plasma levels of b-carotenepPivisi D, Di Tommaso S, Salvemini S, Garramone M, Crisci R
vitamin E and vitamin C showed that plasma levels of b- (2006). Diet and cancehcta Biomed77,118-23. o
carotene could significantly discriminate between control®risko JA, Chapman J, Hunter VJ (2003). The use of antioxidant
and patients with BBD. Plasma b-carotene, vitamin E and zhsegraples during chemotherajggynecol Oncol 88, 434-
\tl)ltamln C levels have good dlscrlm!natory efflcaCyDrJSgan RE, Frigerio NA, Siebert IM (1976). Vitamins. In : Varley

et\/\_/een.controls and.bre'a_lstcance.r pa'tle.nts. Plasma leve H. Gowenlock AH, Bell M (ed). Practical Clinical
of vitamin E could significantly discriminate between  gjochemistry. London, 215-59.
patients with BBD and breast cancer patients. The RO€arias EF, Ong DE, Ghyselinck NB, et al (2005). Cellular retinol
curve for plasma levels of vitamin A showed that it could  binding protein-1 as regulator of breast epithelial retinoic
significantly discriminate between controls and patients acid receptor activity, cell differentiation and tumorigenecity.
with BBD as well as controls and breast cancer patients. J Natl Cancer Inst97, 21-9.

The results of Pearson’s correlation coefficient in th@erbeéi :\_/I,_g:avallo F, Ma!rugini E (1988). Li_pF’SO'Ul?j'e_VitamiQS
current study showed significant negative association 2andipid parameters in breastcancer: a joint study in northern
between plasma b-carotene and vitamin A as well aﬁalltaly and southern Franciat J Cancey42, 489.

. . . . . ) liwell B (1994). Free radicals and antioxidants: a personal
between plasma vitamin C and vitamin E. Vitamin A" o \utr Rev52 253,

showed significant positive association with vitamin Cpjandeimann GJ, Packer L, Cross CE (1996). Destruction of
and negative with vitamin E. It is known that redoX  tocopherols, carotenoids and retinol in human plasma by
buffering systems of antioxidants are all related in a cigarette smokeAm J Clin Nutr 63, 559-65.

stepwise, sequential recycling process for neutralizatioho Y, Gajalakshmi KC, Sasaki R, Suzuki K, Shanta V (1999). A
of free radicals. Thus antioxidants work in concert with ~ study on serum carotenoid levels in breast cancer patients
each other by a series of redox reaction to quench free gg:;ndlan women in Chennai (Madras)d J Epidemial9,

i i . h regards the resul '

(r)afldFl’CSz!\?s(ar’fk:o?rte?;tiiaogt))elfrf]igieeniesjggegf tthzt tehs:s:[é%nab M, Riboli E, Ferrari P, et al (2006). Plasma and dietary

. . . carotenoid, retinol and tocopherol levels and the risk of
gntl0X|dants gre .not WO”"”Q n congert with eaqh o'Fher gastric adenocarcinomas in the european prospective
in BCPT which is suggestive of disturbed oxidation inyestigation into cancer and nutritidr.J Cancer95, 406-
reduction reactions to quench ROS and ultimately affect 15,
neutralization status of free radicals in breast canceadlaunig JE, Kamendulis LM (2004). The role of oxidative stress
patients. in carcinogenesisAnnu Rev Pharmacol Toxicat4, 239-

In conclusion, lower levels of plasma b-carotene, 67 _ _ o
vitamin E and vitamin C indicate higher oxidative stress/umaraguruparan R, Subapriya R, Kabalimoorthy J, Nagini S
which may be the cause of lipid peroxidation, DNA (2002).Ant|0X|dant profile in the <_:|rculat|on of patlent§W|th

. . . . fibroadenoma and adenocarcinoma of the bre@kn
damage and mutations leading to higher risk of breast Biochem 35, 275-79
cancer. The f’;\Itered levels OT vitamin A in BCPT indiCateKuppumabayltti \’(S, BIeiWeiss 1J, Mandeli JP, Waxman S, Mira-
abrupt vitamin A homeostasis suggesting possible role of "y_ | gpez R (2000). Cellular retinol binding protein
CRBP and RARs in breast cancer and required in-depth expression and breast candeNatl Cancer Inst91,1059-
analysis of retinol metabolism pathway in breast cancer. 66.
The trends of the current study provides interesting cluggayne ST (2003). Antioxidant nutrients and chronic disease:
to the modifiable etiology of breast cancer and suggest Use of biomarkers of exposure and oxidative stress status in
that, increased intake of b-carotene, vitamin E and vitamin pidemiologic researctl.Nutr, 133 933S-40S.

Asian Pacific Journal of Cancer Prevention, Vol 10, 200%



Franky D Shah et al

Padayatty SJ, Katz A, Wang Y, et al (2003). Vitamin C as an
antioxidant: Evaluation of its role in disease prevention.
Am Coll Nutr 22, 18-35.

Palloza P, Serini S, Torsello A, et al (2002). Regulation of cell
cycle progression and apoptosis by beta-carotene in
undifferentiated and differentiated HL-60 leukemia cells:
Possible involvement of a redox mechanigm.J Cancer
97, 593-600.

Parkin DM, Bray F, Ferlay J, Pisani P (2005). Global cancer
statistics, 2002CA Cancer J Clin55, 74-108.

Potischman N, Freudenheim JL (2003). Biomarkers of nutritional
exposure and nutritional status: An overviévNutr, 133,
873S5-74S.

Prakash P, Krinsky NI, Russell RM (2000). Retinoids,
carotenoids, and human cell cultures: a review of differential
effects.Nutr Rey58, 170.

Ray G, Husain SA (2001). Role of lipids, lipoproteins and
vitamins in women with breast canc@lin Biochem 34,
71-6.

Ray G, Husain SA (2002). Oxidants, antioxidants and
carcinogenesisnd J Exp Biol40, 1213-32.

Roe JH (1961). Standard Methods of Clinical Chemistry: Volume
I, Academic Press, New York, ,35.

Sato R, Helzlsouer KJ, Alberg AJ, et al (2002). Prospective study
of carotenoids, tocopherols and retinoid concentrations and
risk of breast cance€ancer Epidemiol Biomarkers Prev
11, 451-57.

Sharhar S, Normah H, Fatimah A, et al (2008). Antioxidant intake
and status, and oxidative stress in relation to breast cancer
risk: a case-control studisian Pac J Cancer Pre9, 343-

50.

Simon MS, Djuric Z, Dunn B, et al (2000). An evaluation of
plasma antioxidant levels and the risk of breast cancer: A
pilot case control studBreast J 6, 388-95.

Tamimi RM, Hankinson SE, Campos H, et al (2005). Plasma
carotenoids, retinol and tocopherols and risk of breast cancer.
Am J Epidemigl161, 153-60.

Thangaraju M, Vijayalakshami T, Sachdanandam P (1994).
Effect of tamoxifen on lipid peroxide and antioxidative
system in postmenopausal women with breast cancer.
Cancer 74, 73.

Toniolo P, Van Kappel AL, Akhmedkhanov A, et al (2001).
Serum carotenoids and breast canéen.J Epidemiqlil53,
1142-47.

Weinstein SJ, Wright ME, Lawson KA, et al (2007). Serum and
dietary vitamin E level in relation to prostate cancer risk.
Cancer Epidemiol Biomarkers Prel6, 2008-15.

Wu K, Helzlsouer KJ, Alberg AJ, et al (2000). A prospective
study of plasma ascorbic acid concentrations and breast
cancer (United StatesJancer Causes Contrdll, 279-83.

Yang Q, Sakurai T, Kukudo K (2002). Retinoid, retinoic acid
receptor beta and breast candBreast Cancer Res Treat
76, 167-73.

Yeole BB (2008). Trends in cancer incidence in female breast,
cervix uteri, corpus uteri and ovary in Indfsian Pac J
Cancer Prey9, 119-22.

96 Asian Pacific Journal of Cancer Prevention, Vol 10, 2009



