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SUMMARY 

Breast cancer is a major public health problem, which is increasingly common in fertile-

aged female populations, notably, also in conjunction with pregnancy (during 

pregnancy or one year post partum, i.e. the so called pregnancy associated breast 

cancer, PABC). Earlier findings indicate that breast cancer has a multi-factorial 

etiology, and biomarkers associated with cell differentiation and proliferation may act as 

potential indicators of the disease development.  

We assumed that prediagnostic serum vitamin D (25-dihydroxy vitamin D, 25-OHD) 

levels together with endogenous (steroid) hormone expression, exposure to Epstein-

Barr virus (EBV), p53 expression might be potential indictors of the PABC risk. The 

validity and quality of the exposure/indicator measurements were confirmed by 

studying the effect of storage time on vitamin D and steroid hormones in serum 

samples stored for many years at -25 0C.  

The present study utilised molecular epidemiological tools to evaluate the role of 

prediagnostic biomarkers (25-OHD, EBV and p53 serological markers as well as 

androstenedione) on the risk of development of breast cancer, with particular emphasis 

on PABC, one of more aggressive sub-groups of breast cancer. 

Our case-control study was nested within the Finnish Maternity Cohort (FMC), a 

population-based biobank of first trimester serum samples. Eligible breast cancer cases 

consisted of two groups; women who developed breast cancer not more than ten years 

(but more than 20 months) from the date of sampling, and women with breast cancer 

diagnosis during pregnancy or one year after date of sample withdrawal.  Age and 

pregnancy history matched controls were sampled within the same study population. 

The serum samples were analysed for 25-OHD as a measure of circulating vitamin D, 

immunoglobulin G (IgG) antibodies specific for EBV antigens Early Antigen (EA), EBV 

nuclear antigen (EBNA)  and EBV replication activator, the ZEBRA protein.  Levels of 

serum IgG antibodies specific to p53 and p53 protein were also studied.   



 

 

We found that serum samples stored in the FMC biobank at -25 0C for up to 24 years 

does not affect 25-OHD detectability, and the samples can be used to study hormone 

and vitamin D-disease associations. However, it is important to match cases and 

controls for season of sample withdrawal in vitamin D related studies. 

No association was observed between vitamin D levels and risk of breast cancer in 

general.  On the other hand, higher levels of vitamin D were associated with increased 

risk of breast cancer occurring during or soon after pregnancy. Previous EBV infection 

was not associated with increased risk of PABC, but serological EBV reactivation 

markers among individuals with more than sufficient levels of vitamin D were 

associated with a significantly increased risk of the disease. 

As for the association between prediagnostic serum p53 levels and PABC risk, we 

found that higher levels of p53 autoantibody were associated with a modest increased 

risk for development of PABC, which was significant among women with higher levels 

of vitamin D and androstenedione.  

This is the first study to provide direct epidemiological evidence on important 

biomarkers of the risk of PABC. The positive association between levels of vitamin D 

and risk of PABC remained significant among women with EBV reactivation. These 

observations are reminiscent of observations on other associations between EBV, 

vitamin D and chronic diseases, e.g. multiple schlerosis, but the underlying 

mechanisms remain not clear. Further studies are warranted to better understand the 

role and potential impact of circulating biomarkers on the risk of breast cancer occurring 

during or soon after pregnancy. 
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1 Introduction 

Breast cancer is the most common cancer among women both in developed and 

developing countries, affecting one in ten women during their lifetime (Ferlay J et al. 

2010). It is also the principal cause of cancer death among women globally. For over 

140 years, scientists have intensively sought to understand the epidemiology of breast 

cancer, principally to identify risk factors for primary prevention of the disease.  Breast 

cancer has multi-factorial aetiology, with major contributing risk factors such as genetic 

predisposition, reproductive history and environmental exposures. Because of the 

heterogeneous origins of the disease, recent epidemiological studies assessing the risk 

factors of breast cancer have focused on particular disease sub-groups.  

Breast cancer occurring during pregnancy or one year postpartum, also known as 

pregnancy-associated breast cancer (PABC) is increasingly common in affluent 

countries as women delay pregnancy to their 30s and 40s (Andersson et al. 2009). 

Although a fatal disease, ethiopathological studies on the risk markers of PABC are 

scarce, probably because of the relatively infrequent occurrence of the disease. The 

present study utilizes the unique potential of the world’s largest serum biobank, the 

Finnish Maternity Cohort (FMC), to evaluate the association between serum biomarkers 

(vitamin D, endogenous hormones, Epstein-Barr virus infection, circulating p53) and 

the risk of development of PABC.  
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2 Review of the Literature 

2.1   Breast cancer natural history  

Breast cancer is a malignant tumour of the breast. It is a condition in which the normal 

cells in the breast multiply wildly because the cellular growth regulatory mechanism is 

defective. When localized around the tissue of its origin, breast cancer is referred to as 

“in situ”. It is “invasive” if it spreads or metastises to distant tissues. 

 

 

.  

Fig 1: Illustration of the breast tissue (American Cancer Association) 

 

The female mammary gland is a structurally dynamic organ which varies by age, 

menstrual cycle and reproductive status of the woman. In adulthood, it comprises of a 

tree-like structure of branching ducts, and the lobulo-alveolar units which arise during 

pregnancy (Henninghausen and Robinson 1998) (Fig 1). 
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In order to understand breast cancer biology, several studies have sought to elucidate 

the nature of the mammary stem cell, which gives rise to the different breast cell types.  

A balance between cell proliferation, cell differentiation and cell death is thought to be 

critical for normal development (Cariati and Purushotham 2008).  Perturbations in this 

balance probably contribute to cancer development.  For instance, conditions of up-

regulated cell proliferation or down-regulated apoptosis may foster accumulation of 

mutations, contributing to the subsequent development of breast cancer.  However, it is 

not fully understood how normal mechanisms which control cell differentiation, cell 

growth and cell death in the human breast tissue act in tumour development or the 

protection thereof (NIH 1999, Russo 2001).  

Advancements in the experimental transformation of human cells have shown that the 

disruption of certain regulatory pathways in the cell is sufficient to impart a tumorigenic 

phenotype to a wide variety of normal cells (Hahn 2002). Events leading to 

carcinogenesis were originally simplified (reviewed by Gescher A et al. 1998) into three 

distinct phases (Fig 2): initiation, promotion and progression. The initiation stage is 

thought to be rapid, involving binding and damage to DNA of a cell by a carcinogens or 

alterations in the stability of the normal genotype and phenotype as a result of the local 

collapse in the system of intercellular processes (Steen 2000). Cascades of mutations 

in these crucial genes may be synergistic and irreversible (McMurray et al. 2008).  

At the promotion stage, there is clonal expansion of initiated cells induced by tumour 

promoters (e.g. mitogens) for the initiated cell. This stage is thought to be reversible 

and may depend on a variety of other extracellular factors, such as hormones and 

immunological compatibility (Steen 2000). The progression stage represents an 

extension of promotion whereby continuous cell proliferation caused by promoters 

allows the cellular damage inflicted by initiation to be further propagated.  
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     Fig 2: Hypothetical phases of multistep carcinogenesis 

       (Reproduced, with permission, from Gescher et al. 1998) 

2.2 Breast cancer classification 

Depending on the stage of the disease, breast cancer can be categorized as non-

invasive or invasive breast cancer. Non-invasive breast carcinoma refers to breast 

cancer that is localized and has not spread (metastasized) to surrounding tissues. 

Major sites of origin are the ducts (tubes which drain milk from the lobules to the nipple) 

and lobules (site of milk production) (NBOCC 2009). There are two principal forms of 

non-invasive breast cancer, ductal carcinoma in situ (DCIS) and lobular carcinoma in 

situ (LCIS). 

Ductal carcinoma in situ, usually the most common type of non-invasive breast cancer, 

refers to neoplastic cells within the milk ducts of the breast, which have not spread 

through the walls of the ducts into the surrounding breast tissue.  On the other hand, 

lobular carcinoma in situ (LCIS) is non-invasive breast cancer which begins in the milk-

producing glands, also called the lobules (Fig 1), where it is localized. DCIS and LCIS 

represent the state at which there is no evidence of the spread of cancer beyond the 

site of origin, hence called stage 0. 

Invasive (infiltrating) breast carcinoma is breast cancer that has invaded or 

metastasised to surrounding tissues. Depending on the stage of tumour spread, it is 

clinically classified as stage I (cells spread but not detected in lymph nodes), stage II, 
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stage III and stage IV breast cancer. Based on the site of origin, invasive breast cancer 

may be invasive ductal carcinoma (IDC) or invasive lobular carcinoma (ILC).   

IDC is the most common breast cancer subtype, constituting about 80% of all invasive 

breast cancers. It originates in the milk ducts of the breast and breaks through the 

basal membrane of the duct, then grows into the surrounding fatty tissue from where it 

can metastasize to other parts of the body through the circulatory (blood and lymphatic) 

systems. Invasive lobular carcinoma (ILC) originates in the lobules and it may also 

metastasize to other parts of the body. Only 10% of all invasive breast carcinoma types 

are ILC (American Cancer Society).  

A less common subtype is the inflammatory breast cancer, typically characterised by 

the absence of a tumour mass making it more difficult to detect by screening 

techniques such as mammography. It constitutes less than 3% of all breast cancers, 

but its incidence is on the rise (Hance et al. 2005).  

Breast cancer may be categorised into other sub-types based on more detailed 

characteristics such as the expression of molecular biomarkers, e.g. hormone receptors 

(proteins on the breast cells surface that allow hormone binding) (NBOCC 2009). 

Examples are the oestrogen receptor, progesterone receptor, and the human 

epidermal growth factor receptor 2 (HER2) (Parise et al. 2009).  These subgroups 

which show different clinicopathological and survival characteristics (Onitilo et al. 2009) 

have been important for patient classification in the identification of treatment options. 

Triple-negative breast cancer, breast cancer characterised by the absence of all three 

receptors, occurs more frequently in young women <50 years, (Haffty et al. 2006, Dent 

et al. 2007) and tends to have a poor response to treatment and poor prognosis (Haffty 

et al. 2006, Carey et al. 2007, Dent et al. 2007). 

 

2.3   Descriptive epidemiology of breast cancer  

Breast cancer in women is a primary public health concern throughout the world 

accounting for 16% of all female cancers. Over 1.3 million women are diagnosed with 
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breast cancer yearly with over 410,000 dying from the disease worldwide (Parkin and 

Fernández 2005, Parkin et al. 2006). In 2009 about 4.4 million women were living with 

the disease (The Lancet 2009). Basically, one in ten of all new cancers diagnosed each 

year is a cancer of the breast (Ferlay et al. 2004). The incidence rates vary markedly in 

the world (illustrated in Fig 3), being higher in developed countries and lower in 

developing countries (Stewart and Kleihues, 2003). Recent WHO data indicates age-

standardized rate per 100,000 which range from 89.9 in Western Europe, 84.0 in 

Northern Europe, 76.6 in North America, 28.0 in Africa and 26.0 in Asia. Still within 

continents, there is marked variation. In Africa for instance, the incidence is 27.1 and 

8.0 per 100,000 in Cameroon and the Gambia, respectively (GLOBOCAN 2008). 

Recent trends in developing countries indicate an increase in incidence of breast 

cancer especially in urban regions (WHO Global Burden of Disease 2008). It is the 

leading cause of cancer in Southeast Asian women, second only to gastric cancer in 

East Asian women and cervical cancer in women in South-Central Asia (Wong 2009).  

For instance in India, 100 000 women are diagnosed with breast cancer annually, and 

a rise to 131 000 cases per year is predicted by 2020. Similar trends have been 

observed in other developing countries, which are projected to constitute most of the 

26% increase in breast cancer incidence predicted by 2020 (Stewart and Kleihues,  

2003). These changing patterns in breast cancer incidence are generally attributed to 

“westernization”, a term for lifestyle changes associated with increased breast cancer 

risk such as nulliparity, postponed childbearing and breastfeeding, increased 

exogenous hormonal use, as well as increased physical inactivity alongside obesity. 
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Fig 3: World-wide incidence of breast cancer for 2008 

 

Breast cancer mortality has been on a decline worldwide over the last two decades, 

probably due to the introduction of population-based mammographic screening of 

women aged 50-69, which is associated with early detection of the disease (Smith 

2002). This decline is especially evident in developed countries, where screening was 

introduced since the mid-80. Screening is thought to increase opportunity for detection 

of early stage cancers, which results in favourable prognosis. In concert with improved 

management, this has led to reduced mortality from the disease (Liu et al. 2010). 

Moreover, effective adjuvant therapies employing systemic and hormonal agents 

reduce recurrence of local or nodal disease (Berry et al.  2005).  In the Nordic 

countries,  the female breast cancer mortality reduced from over 19 to 16 deaths per 

100,000 per year from the 1980 to 2005 (NORDCAN). 

Estimated age-standardised incidence rate per 100,000  
Breast, all ages 
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In Finland, the incidence of breast cancer has been steadily increasing long before 

screening was introduced in 1987 (Botha et al. 2003), particularly when compared to 

other cancers (Fig 4). Recent data from the Finnish Cancer Registry (FCR), the 

national cancer registry in Finland, shows ASR of 89.2 per 100 000 with a total of 4323 

new cases in 2008, compared to 45.4 per 100,000 with 1583 new cases in the late 

1970s.  

Despite the increasing incidence of breast cancer, Finland has experienced a marked 

increase in the survival rate, with a 5-year survival rate of 89% in 2007 (FCR, 2010) 

compared to less than 76% in the 1970s (Karjalainen 1990). The better survival may be 

attributed to improved early diagnosis following the introduction of the mammographic 

screening for women aged 50-69 years and advancement in treatment methods.  

Mammography for breast cancer screening has been shown to be efficient in screening 

women aged 50-69 years, with little evidence on its efficacy in ages 30-49 years 

(Vainio et al. 2002). It is effective in the detection of in situ and early stage cancers 

which are both indolent but not in the detection of aggressive cancers (Esserman et al. 

2007). There is a need for biomarkers to better discern the risk of biologically 

aggressive breast cancers, particularly when it coincides with a physiological state such 

as pregnancy that may mask the disease during screening.  
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Fig 4: Age-adjusted incidence trends of selected female cancers in Finland from 

 1954 – 2003 

 

Due to its heterogeneous nature of the disease, recent studies on breast cancer have 

been confined to specific subgroups. The present study, although entails a non-

pregnant subgroup of breast cancer, predominantly evaluates risk markers of 

pregnancy-associated breast cancer (PABC). 
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3 Pregnancy-associated breast cancer (PABC) 

PABC has been variably defined as breast cancer occurring during gestation, lactation 

or within one year from delivery. Lactation is defined as 12 months following parturition, 

regardless of whether the mother nurses her baby or not (Barthelmes et al. 2005). 

3.1 PABC natural history 

Pathologically, 75 – 90% PABC is of the invasive ductal carcinoma sub-type, followed 

by invasive lobular carcinoma. Inflammatory sub-types are generally rare among PABC 

ranging from 1.5 – 4% (Bonnier et al. 1997). Around 70% of all PABC tumors are 

estrogen and progesterone receptor negative, whereas 30 – 60% of the tumors 

express HER2/neu (Ishida et al. 1992, Merkel 1996). PABC cases generally present an 

advanced stage and larger tumor size at diagnosis (Kroman and Mouridsen 2003, 

Rodrigues et al. 2008). This is consistent with a poor prognosis, when compared to 

other breast cancer types (Anderson et al. 1996, Rodrigues et al. 2008).  

The advanced stage at diagnosis may be attributed to delayed diagnosis associated 

with physiologic changes in the breast tissue. Pregnancy and breastfeeding increase 

the breast density because of engorged blood vessels, making mammography and 

clinical examinations difficult to interpret. An alternative hypothesis is that the 

gestational hormones during pregnancy account for the poor prognosis of pregnancy-

associated breast cancer. These hormones are thought to increase the risk of 

occurrence and worsen the prognosis due to their growth-promoting effects (Pathak 

2002). The high endogenous steroid and other hormone milieu presented during 

pregnancy due to increased levels of estrogen, progesterone and insulin-like growth 

factor may foster a more aggressive tumor growth (Schedin 2006).  
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3.2 Occurrence of PABC 

Breast cancer is the most common cancer occurring during pregnancy, with incidence 

rates ranging from 1 in 10,000 to 1 in 3,000 pregnancies (Lambe and Ekbom 1995). 

This constitutes up to 6 % of all breast cancers diagnosed in fertile women under the 

age of 45 in USA (Johannsson et al. 1998, Psyrri and Burtness 2005). Having the first 

pregnancy at the age of 30 years or older, and an increased maternal age are 

established independent risk factors for breast cancer (Psyrri and Burtness 2005). As 

women elect to delay child bearing to later decades of their lives, the incidence of 

breast cancer is expected to rise among obstetric populations. A recent study in 

Sweden showed that the incidence of PABC doubled, from 16 to 37.4 per 100,000 

pregnancies, from 1963-1974 to 1990-2002 (Andersson et al. 2009).  

Some studies reported no excess risk for breast cancer at pregnancy by comparing the 

observed number of PABC to the expected number at population level using age-

standardized incidence rates (Harris et al 1992, Andersson et al. 2009).  The results 

were, however, hampered by the calculations based on linkage of birth and cancer 

registries. Thus, women who gave birth to a live-born only were included, and women 

diagnosed at the first and second trimesters, who most likely underwent induced or 

spontaneous abortion were excluded.  In Europe, the average gestational age at PABC 

diagnosis is 21 weeks (Aebi and Loibl 2008). The diagnosis is made in 21.6% of cases 

during the first trimester, 43.3% of cases during the second trimester, and 35.1% of 

cases during the third trimester (Aebi and Loibl 2008). The use of a population-based 

cohort that samples women routinely irrespective of the outcome of pregnancy is 

important. Given that the incidence of PABC is increasing, there is a need to better 

understand the etiology of this disease.  
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4 Risk factors of breast cancer with specific reference to PABC 

A risk factor is anything, ranging from a lifestyle choice to an inherent characteristic that 

influences a person’s chances of developing a disease (NBOCC 2009). While the 

definite cause of breast cancer is far from being unraveled, some factors have been 

associated with increased risk of developing the disease.  

Overall, Breast cancer is predominantly a female disease, with only 1 % of the cases 

occurring in men (Fentiman et al. 2006). Thus, women have an increased risk of 

developing the disease during their lifetime compared to men. Other factors that are 

associated with risk of breast cancer and PABC can generally be distinguished into 

non-modifiable and modifiable risk factors.  

 

4.1 Non-modifiable risk factors 

Non-modifiable risk factors constitute characteristics that cannot be changed, and are 

usually present independent of the individual’s actions.  

4.1.1 Age 

Apart from the female gender, increasing age is the single strongest risk factor of 

breast cancer in the population. It is a rare disease before age of 30, after which the 

incidence rises steeply with increasing age up to about the age of 50 years (Greenle et 

al.  2000). Thereafter, incidence still increases with age, but at a slower rate. The 

strong dependence of breast cancer incidence on age, apart from the accumulating 

genetic damage that occurs during the lifespan, has long been shown to correlate with 

the duration of ovarian hormone exposure (Pike et al. 1983). Animal studies show that 

elevated hormonal stimulation increases occurrence of mammary carcinogenesis in 

rodents (Russo and Russo 1996).  
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Predictions indicating an increase in the incidence of the disease are based on the fact 

that PABC is age-related. The reported mean age at diagnosis ranges from 32 to 34 

years (Middleton et al. 2003, Hahn et al. 2006, Cardonick et al. 2010). Women who 

have their first full term pregnancy after the age of 30 show up to 3-fold increased risk 

for development of breast cancer compared to those at ages less than 20 (Middleton et 

al. 2003). Studies are warranted to investigate the effect of age, for instance as an 

independent risk factor, on the risk of development of PABC. 

 

4.1.2 Familial and genetic risk factors  

Family history of breast cancer is an established risk factor of the disease. About 18% 

of breast cancers occur in women who have a history of the disease in a first degree 

relative such as daughters, mother or sisters (Slattery and Kerber 1993, Collaborative 

Group on Hormonal Factors in Breast Cancer 2001). 

It is not clear whether a family history of breast cancer is more common among PABC 

individuals compared to other breast cancer subgroups. An earlier Saudi-Arabian 

hospital based-study (Ibrahim et al. 2000) reported a significantly higher positive family 

history among PABC individuals than non-pregnant breast cancer patients. The 

definition of PABC in that study excluded those diagnosed within one year of 

pregnancy. A more recent study found no significant difference in family history 

between PABC and non-PABC patients (Beadle et al. 2009). Because previous studies 

depend on patient reports, population-based studies using cancer registries with a 

possibility to link patients within family pedigree are warranted. 

Genetic studies have shown that a greater proportion of the familial breast cancer is 

due to specific germ line mutations within a family pedigree. Depending on the 

probability of disease occurrence, the genes associated with increased breast cancer 

may be low penetrance or high penetrance genes. An example of high penetrance 

genes are the BRCA 1 and BRCA 2 genes whose mutation accounts for about 20% of 

the familial aggregation of breast cancer, and have been associated with inheritable 

susceptibility to breast and ovarian cancer (Brody and Biesecker 1998). Heritable 
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breast cancers account for 5 – 10 % of all breast cancers, half of which are related to 

BRCA 1/2 gene mutations (Newman et al. 1998, Hemminki et al. 2002). In Finland, up 

to 21% of the breast cancer families were accounted for by mutations in these two 

genes (Vehmanen et al. 1997). 

Mutations in the BRCA 1/ 2 genes occurs quite infrequently among PABC cases. A 

small population-based Swedish study showed that PABC is relatively uncommon 

among women harbouring mutation in the BRCA genes (Johannsson et al. 1998). In 

one study (Siegelmann-Danieli et al. 2003), BRCA 1/2 gene mutation carriers were less 

common among PABC cases than in the non-pregnant control group.  

4.1.3 Mammographic breast density 

The extent of radiological dense breast tissue (mammographic density) usually reflects 

differences in breast tissue composition which varies among women. Mammographic 

breast density is a predictor of breast cancer risk and may be an early marker of breast 

cancer (Boyd et al. 1998, Stone et al. 2010). One study found that women with more 

than 75% breast density showed over 9-fold increased risk of developing atypical 

hyperplasia (abnormal cell increase) or breast cancer in situ (BCIS) compared to 

women with no breast density (Boyd et al. 1992). In another study, 17 of 22 ductal 

carcinoma in situ (DCIS) tumors arose in the mammographic quadrant with the highest 

density (Ursin et al. 2005).  Because mammography is made routinely only among 

women aged 50 years or older, practically nothing is known about PABC associated 

screening mammography changes. 

4.2 Reproductive and menstrual risk factors 

Surrogate measures of endogenous hormone exposure such as early menarche, late 

menopause, low parity and late age at first birth have been linked with increased risk of 

developing breast cancer in premenopausal women. 

 



25 

 

4.2.1 Early menarche and late menopause 

Women who are exposed to endogenous sex hormones over a longer period of their 

life time turn to have increased risk of developing breast cancer. The concept of 

hormonal carcinogenesis is consistent with epidemiological observations that late 

menarche and early menopause have a protective effect against breast cancer (Shin et 

al 2010). This is consistent with the fact that late menarche (onset of menstruation) 

and/or early menopause (before age of 55 years) have fewer numbers of menstrual 

cycles and therefore shorter exposure to ovarian hormones during the reproductive 

years compared to women who have early menarche and/or late menopause. This also 

explains the observed protective effect of oophorectomy on subsequent risk of breast 

cancer (Chang-Claude et al. 2007). In their hospital-based patient review, Ibrahim and 

colleagues (Ibrahim et al. 2000) found no difference in the age at menarche for PABC 

and controls.  

 

4.2.2 Child birth  

Young age at first full-term pregnancy (FFTP) and high parity are both associated with 

decreased breast cancer risk over a long-term. Compared to nulliparous women, 

women with a full time pregnancy experience an age-dependent lifetime reduction in 

breast cancer risk (Ma et al. 2010). Prior to pregnancy, the cells of the mammary gland 

are in a vulnerable undifferentiated state, and differentiate to functioning milk-producing 

structures during pregnancy. Pregnancy, and subsequently FFTP may induce a 

specific pattern in human breast, decreasing the pool of vulnerable breast cells, as they 

attain full differentiation (Russo et al. 2008). The risk of breast cancer turns to increase 

in the first five years after delivery, probably due to the promoting effect of the 

hormonal milieu at pregnancy (Liu et al. 2002, Pathak 2002). 

The protective effect of pregnancy on the risk of subsequent development of breast 

cancer over a long duration has been established. There is evidence that this protection 

is preceded by a transient increase in breast cancer risk following pregnancy, thus the 

dual effect of pregnancy on breast cancer risk (Lambe et al. 1994, Liu et al. 2002). This 
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is consistent with results from experimental studies which show that pregnancy induces 

transient alteration, followed by permanent structural changes in animal breast tissue 

and gene expression (transcription profile) (Russo et al. 1990a, Russo et al. 1990b). 

The short term increase in the breast cancer risk probably reflects a growth-enhancing 

effect of high endogenous hormone levels during pregnancy on tumor cells whose 

malignant transformation has already been initiated (Henderson and Bernstein 1991). 

Based on the evidence from laboratory studies, some hypotheses have been put 

forward to explain the long-term protective effect of pregnancy on the risk of breast 

cancer.  

Russo and Russo proposed that the protective effect is due to terminal differentiation of 

the mammary epithelia driven by the pregnancy hormone, human chorionic 

gonadotropin (hCG) (Russo et al. 1990a, Russo et al. 1990b). This limits the population 

of susceptible cells which are potential targets for carcinogenesis.   

Sivaraman and colleagues (Sivaraman et al. 2001) postulated the cell-fate hypothesis 

that the hormonal milleur during pregnancy sets on a molecular switch during 

pregnancy that gives rise to persistent changes in gene expression and/or signal 

transduction (Sivaraman et al. 2001).  

Wagner and colleagues (Wagner et al. 2002) also proposed that during pregnancy, a 

new population of mammary epithelial cells arise from differentiating cells which fail to 

undergo apoptosis (cell death) during involution and may function as alveolar 

progenitors in subsequent pregnancies (Wagner et al. 2002). Later findings have 

however, contested the fact that proportion of mammalial epithelial progenitor/ stem 

cells change following pregnancy (Britt  et al. 2009), or that observed changes are 

independent of pregnancy (Booth et al. 2007). 

Recent prospective epidemiological studies by Toniolo and colleagues have shown that 

the effect of hCG, though protective for postmenopausal breast cancer (Lukanova et al. 

2008, Toniolo 2010), may actually be associated with increased risk of development of 

the disease soon after pregnancy (Toniolo et al. 2010). On this basis, it is logical that 

the association between prediagnostic serum hCG levels and PABC is positive, 

although it is remains to be tested. 
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4.2.3 Previous exposure to radiation 

Frequent exposure to ionizing radiation from diagnostic X-rays is an established risk 

factor of breast cancer (Boice et al. 1991, Ronckers et al. 2008). If exposed at a 

younger age, the lifetime risk of breast cancer is much higher. This risk is especially 

thought to be highest at puberty and the period surrounding the first pregnancy, when 

breast ductal cells are actively developing (Ronckers et al. 2005). This increased risk 

usually remains throughout the lifetime (Preston et al. 2002).  

There is substantial evidence for increased breast cancer risk from studies of female 

Hodgkin lymphoma survivors (Travis et al 2005, Alm El-Din et al 2008). In female 

populations with a familial or genetic predisposition to breast cancer, there is evidence 

that yearly exposure to low dose ionizing radiation from mammography increases 

breast cancer risk (Jansen-van der Weide  et al. 2010). 

With regards to PABC, there is no indication that previous exposure to radiation is 

associated with a disease occurrence of the disease. However, since women exposed 

to radiation at a younger age are at increased risk of developing breast cancer, it is 

plausible that the diagnosis of breast cancer within this population coincides with 

subsequent pregnancies. 
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4.3 Lifestyle and Environmental risk factors  

There has been increased interest by researchers to understand the risk factors of 

breast cancer that are associated with the environment, with the aim of preventing the 

disease through behavioural modification. Unlike the case of cigarette smoking and 

lung cancer, no single factor with a major effect on the risk of breast cancer has, 

however, been identified, but lifestyle and environmental factors have been moderately 

associated with risk of developing the disease. 

 

4.3.1 Diet 

In case–control studies of food consumption and breast cancer incidence, a clear 

association between patterns of food consumption and breast cancer risk has been 

observed (Wakai et al. 2000, Brennan et al. 2010). The effect of diet on the risk of 

breast cancer is probably exerted via its influence on hormone metabolism. 

Epidemiological evidence indicates that the nutrition determines the levels of circulating 

estrogen, and may affect the risk of breast cancer (Wu et al. 1999). 

The ideal condition to determine the risk of breast cancer associated with a dietary 

exposure is to compare an intervention group with a control group which is restricted 

from related exposures (null contamination). In the Women's Health Initiative Dietary 

Modification trial, a randomized, controlled, primary prevention trial with over forty-eight 

thousand participants, Rohan and colleagues (Rohan et al. 2009) showed that a 

modest reduction in fat intake plus an increase in fruit, vegetable, and grain intake did 

not significantly alter the risk of benign proliferative breast disease.  

4.3.2 Alcohol  

Several studies have linked intake of alcohol and risk of breast cancer (Terry et al. 

2006, Beasley et al. 2010). Meta-analyses indicate a linear increase in the risk of 

breast cancer with about 10% increase for each 10 grams/day increment of ethanol 

intake (Smith-Warner et al. 1998, Collaborative Group on Hormonal Factors in Breast 
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Cancer 2002, Key et al. 2006). The alcohol-associated increased risk for 

postmenopausal breast cancer is probably due to the accumulation of adipose tissue, 

which later serves as a site of production of endogenous hormones associated with 

increased risk of breast cancer (Maskarinec et al. 2006). On the other hand, the 

positive association between alcohol intake and breast cancer risk in premenopausal 

women (Friedenreich et al. 1993, Rohan et al. 2000), may be due to elevated 

circulating androgens associated with increased alcohol intake (Dorgan et al. 1994). 

Elevated androgen levels are associated with increased risk of premenopausal breast 

cancer (Kaaks et al. 2005). Although circulating levels of estrogens during pregnancy 

are positively associated with intake of alcohol (Petridou et al. 1992), the effect of 

alcohol intake before or during pregnancy and risk of PABC has not been investigated. 

 

4.3.3 Exogenous hormones  

Although hormone replacement therapy was recommended for menopausal symptoms 

decades ago, it was nearly 2 decades later that reports started to appear linking HRT 

with increased incidence of breast cancer (Colditz et al. 1990, Steinberg et al. 1991). In 

the US, nearly 40% of postmenopausal women used hormone replacement therapy 

(HRT) for the prevention of osteoporosis and the control of menopausal symptoms by 

1995 (Keating et al.1999). Notwithstanding, it is a long established fact that HRT 

increases the risk of postmenopausal breast cancer (Ross et al. 2000), and the risk is 

thought to vary with the formulation and preparation of HRT (Opatrny et al. 2008). 

On the other hand, the use of oral contraceptives (OC) is very common with more than 

100 million women worldwide using OCs according to a 2005 Morbidity and Mortality 

Weekly Report  (Bensyl et al. 2005). Despite the fact that the estrogen-progesterone 

content of OCs has been greatly reduced ever since it was introduced over 40 years 

ago, the International Agency for Research on Cancer (IARC) in 2005 classified the 

estrogen-progestogen OCs as a group 1 carcinogen, indicating that there is sufficient 

evidence implicating them as carcinogenic to humans (Schneider et al. 2005). The 

reduction in the estrogen-progesterone content of OC in recent years warrants further 

research which takes into consideration the proportion of sex hormone content, 
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together with the specific duration of exposure.  For PABC (with late onset of 

pregnancy) the prolonged use of OC may increase the risk of development of the 

disease, particularly for populations exposed to high estrogen-progesterone OC. This 

remains to be studied.  

 

4.4 Other lifestyle factors 

Findings from migrant studies suggest that increase in breast-cancer incidence 

following migration from countries with low breast cancer incidence to higher-incidence 

countries support the role of changes in lifestyle on breast cancer risk alteration. It has, 

however, been difficult to disentangle the individual specific factors (Ziegler et al. 

1993). Data supporting the role of factors such as high fat intake, low soy intake and 

low vegetable intake has been largely inconclusive. In a nutritional questionnaire-based 

case control study of women in Shanghai China, an aggregate “meat–sweet” diet, a 

surrogate of a westernized diet, was associated with a modest increased risk of breast 

cancer compared with a more traditional vegetable-rich diet (Cui et al. 2007). The risk 

of breast cancer is higher in postmenopausal obese women, possibly because of the 

peripheral production of estrogens in adipose tissues (Smith 2002). The risk turns to 

decrease with increased physical exercise (IARC 2007). 

Among premenopausal women, no positive association was found for BMI with breast 

cancer risk (IARC 2002) probably because most oestrogen, produced by the ovaries, 

is homeostatically regulated by a negative feedback system involving follicle-

stimulating hormone and luteinising hormone. Oestrogen levels in premenopausal 

women are therefore not directly determined by the levels of adipose tissue. On the 

other hand, obesity in premenopausal women may be associated with a slight 

decrease in risk for breast cancer (IARC 2002), probably due to the infrequent 

menstrual cycles, thus, reduced exposure to ovarian hormones. One study showed 

that pregnancy weight gain is associated with a reduction in risk of premenopausal 

breast cancer (Hilakivi-Clarke 2005).  
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Apart from the challenge of disentangling the accrued life-time potentially modifiable 

environmental and lifestyle factors associated with increased risk of breast, there is 

need for continued research to further refine how timing and degree of these exposures 

in early childhood and adolescence relate to adult breast cancer risk. For instance, 

early age at menarche, an important reproductive risk factor for breast cancer, is 

associated with higher energy intake exercise and body mass profile (Koprowski et al. 

1999).  A decrease in age at menarche may increase breast cancer rates in lower-

resource countries where diet and exercise become patterned to the more docile 

western life style (Meyer et al. 1990, Koprowski et al. 1999). Further studies are 

therefore needed to better understand the role of these early life habits on the risk of 

breast cancer development in older age.  
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5 Biomarkers for risk of pregnancy-associated breast cancer 

Age at first birth, parity and age at menarche are surrogate measures of the exposure 

of circulating endogenous biomarkers in breast cancer epidemiology studies. 

Advancement in molecular epidemiology provides the opportunity to assess more 

precise risk indicators such as hormone levels for reproductive status, nutritional 

markers for self-reported intake, viral proteins and their related antibodies indicating 

viral infection status. This is particularly important in understanding the risk markers of 

PABC, which is particularly challenging to clinicians and patients alike. The time frame 

between the initiation or progression of the disease and the cancer diagnosis provides 

a time window where biomarkers of risk may be relevant (Langseth et al. 2010).   

 

5.1 Steroid Hormones 

The positive association between steroid hormones such as estrogens and 

progesterone and breast carcinogenesis has long been established (Key 1995, 

Bernstein 2002) and forms the rationale underlying the benefits of endogenous 

therapies in the treatment of breast cancer (Early Breast Cancer Trialists’ Collaborative 

Group 2005). For instance, the use of tamoxifen, the non-steroidal agent with anti-

estrogenic properties,  and  aromatase-inhibitor therapies have markedly reduced the 

rate of breast cancer recurrence in patients with hormone-receptor positive tumours 

(Arimidex, Tamoxifen, Alone or in Combination (ATAC) Trialists' Group 2008) and 

reduced its incidence in premenopausal female populations (Visvanathan et al. 2009).  

Attempts to use tamoxifen for the primary chemoprevention of breast cancer in 

populations at high risk of the disease produced promising results within the National 

Surgical Adjuvant Breast and Bowel Project (NSABP) P-1 trial (Fisher 1998). Two 

smaller trials, the Italian Tamoxifen Prevention Study (Veronesi et al. 1998) and the 

Royal Marsden Hospital Tamoxifen Randomized Chemoprevention Trial (Powles et al. 

1998) did not show evidence of reduction in the incidence of breast cancer following up 
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to five years of oral tamoxifen administration. Later reports from these trials indicated 

adverse effects such as increased risk for endometrial cancer, deep vein thrombosis, 

pulmonary emboli and cataracts (Levine et al. 2001).  With the use of the Gail model 

(Gail et al. 1999), these interventions are limited to female populations at higher risk of 

breast cancer. It is possible that the effect of this chemopreventive intervention is more 

effective among female populations with increased risk of PABC. This remains to be 

studied. 

Prospective studies evaluating the association between endogenous hormone levels 

and risk of breast cancer in premenopausal women have produced inconsistent results 

(Thomas et al. 1997, Kaaks et al. 2005, Eliassen et al. 2006), probably due to cyclic 

variations of the sex hormone levels during the menstrual cycle.  

A more compelling hypothesis is to evaluate the role of circulating sex steroids at 

pregnancy, primarily because endogenous hormone levels increase during this window 

of life (Johansson 1979), and turn to promote differentiation and proliferation in the 

ductal and lobular-alveolar epithelium of the breast cells (Russo et al. 1982). Again, the 

higher levels of estrogens and progesterone may trigger increased proliferation of 

already malignant cells in the short term, thus increasing the risk of breast cancer 

during or shortly after pregnancy (Miller 1993).   

Earlier experimental studies by Russo and Russo implicating hCG in the protective 

effect of pregnancy hormones on the risk of breast cancer (Russo et al. 1990a, Russo 

et al. 1990b) has not been corroborated by epidemiological evidence. Toniolo and 

colleagues showed that the effect of hCG, though protective for postmenopausal breast 

cancer (Lukanova et al. 2008, Toniolo et al. 2010), may actually be associated with 

increased risk of development of the disease just after pregnancy (Toniolo et al. 2010). 

On this basis, it is logical that the association between prediagnostic serum hCG levels 

and PABC is positive. However, no study has prospectively reported the association 

between circulating endogenous hormones at pregnancy and risk of PABC, probably 

because of the relative rarity of this breast cancer sub-entity.  
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Increased understanding of the association between circulating hormone levels and 

subsequent risk of breast cancer occurring shortly after pregnancy may provide insight 

into the aetiology of this disease. 

Androstenedione, is a precursor of testosterone and estrogens, produced either from 

dehydroepiandrostenedione or 17-hydroxyprogesterone. It is therefore natural that the 

levels of androstenedione would reflect the levels of these hormones in circulation. 

 

5.2 Vitamins 

The association between vitamin intake and risk of breast cancer, though decades-old, 

is inconclusive. While some reports indicate an increase in the risk of breast cancer by 

up to 30% associated with multivitamin intake (Berube et al. 2008, Larsson et al. 2010), 

others show a breast cancer risk reduction between 20-40% (Gaudet et al. 2004, Webb 

et al. 2004), whereas some show no association (Zhang et al. 1999, Dorjgochoo et al. 

2008). The disparity in the results may be explained partly by the use of questionnaires 

with possibilities of introduction of recall bias. Moreover, multivitamin intake is only a 

surrogate of the circulating levels of these vitamins, and may be confounded by other 

physiological factors affecting absorption, transportation and the biological activity of 

the vitamins. This explains the growing interest in the more representative prospective 

studies based on prediagnostic endogenous levels of specific vitamins such as vitamin 

D. 

Vitamin D 

Vitamin D is a fat-soluble sercosteriod, primarily known for its role in maintaining 

calcium homeostasis as well as bone development and maintenance. Unlike the name 

suggests, vitamin D is not a typical vitamin because individuals with adequate sunlight 

exposure do not require dietary supplementation, owing to its endogenously synthesis.  

Vitamin D can be obtained in two distinct ways, either through dietary intake (foods 

such as fish oil, mushroom, fatty fish and vitamin D fortified foods as milk) or through 
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endogenous synthesis. Exposure of the skin to solar UVB ( range, 280-315 nm) or 

artificial sources, photolyses 7-dehydrocholesterol to pre-vitamin D, further 

hydroxylated to 25-hydroxyvitamin D  {25(OH)D } in the liver, and then to 1,25-

dihydroxyvitamin D {1,25-OH2D } within the kidney and other tissues (Holick 2003).  

Endogenous synthesis of vitamin D constitutes between 80- 90 % of the total vitamin D 

sources in western European populations (Willet 2005, Holick 2004).  This is usually 

different across population groups and between individuals because of wide differences 

in skin exposure to UVB radiation, the efficiency of cutaneous synthesis, and food 

fortification practices (Prentice 2008). Other factors such as clothing habit and 

sunscreen use affect UVB skin exposure (Webb 2006).  

The hormonal form,1,25-OH2D acts in a wide range of tissues by binding to the nuclear 

vitamin D receptor (VDR), present in cells of organs such as liver, pancreas, brain, 

lung, skin, muscle, adipose tissue, and breast (Al-oanzi et al. 2006). The binding of this 

hormone unto VDR forms a complex that regulates gene transcription. This is known 

as the genomic pathway of vitamin D action. The non-genomic action of vitamin D 

entails the more rapid non-transcriptional responses in which there is activation of 

trans-membrane signal transduction pathways (De Boland and Boland 1994). 

The less active form, 25(OH)D, is a useful marker of the overall vitamin D status 

because it is relatively stable with a half-life of about 2-3 weeks,  and its concentration 

is not under tight homeostatic regulation, as is the more active form 1,25(OH)2D (Lund 

et al.1980). 

At vitamin D deficiency, sufficient levels can be obtained by intake of vitamin D fortified 

foods or supplements. On the other hand, hypervitaminosis D, characterized by 

circulation 1,25(OH)2D is excess, triggers a degradation pathway via the enzyme 

24,25-hydroxylase. This metabolises the 1, 25-(OH)2D to 24, 25-dihydroxyvitamin D, 

which is further catabolised to calcitroic acid. 

Ecological studies have shown that breast cancer incidence and mortality tend to be 

higher in areas with low winter sunlight levels and lower in sunny areas (Garland et al. 

1990, Gorham et al. 1990, Grant 2003). Women regularly exposed to sunlight, and 
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consumers of above-average amounts of vitamin D, show significantly lower incidence 

rates of breast cancer (John et al. 1999). These trends are corroborated by strong 

evidence from laboratory studies that vitamin D is anti-apoptotic, supports 

differentiation and reduces proliferation of normal and breast cancer cells (Colston and 

Hansen 2002, Welsh et al. 2003, Lowe et al. 2003).  

Despite the strong ecological and experimental evidence associating vitamin D and 

breast cancer, the International Agency for Research on Cancer concluded that the 

supporting evidence of the association is weak (IARC 2008) because of the 

inconsistent results from prospective epidemiological studies, even after the IARC 

publication (Freedman et al. 2008, McCullough et al. 2009).  

By menopausal status, the findings have been inconsistent among postmenopausal 

women (Freedman et al. 2008, McCullough et al. 2009, Almquist et al. 2010) and lack 

of an association in premenopausal women (Hiatt et al. 1998, Almquist et al. 2010). In 

the Women's Health Initiative Dietary Modification trial, the authors showed that 

calcium plus vitamin D supplementation was not associated with the risk of benign 

proliferative breast disease (Rohan et al. 2008), a condition associated with increased 

risk of breast cancer in women. Considering the possibility of a trial of a vitamin D 

supplement to prevent breast cancer, the issues of timing, when to initiate 

supplementation,  and how long it should be given, looms large (Fairfield and Stampfer 

2007).  

In pregnant and lactating women, a high prevalence of vitamin D insufficiency has been 

documented, particularly in high-risk groups (Bodnar et al. 2007, Dawodu and Wagner 

2007). Vitamin D has anti-proliferative and pro-apoptotic properties, coupled with the 

rapidly differentiating and maturing cells during pregnancy, there is need to understand 

the effects of vitamin D status on the risk of development of PABC. No study has 

prospectively evaluated the role of vitamin D on the risk of breast cancer during or soon 

after pregnancy. Also, previous studies evaluating the role of vitamin D on breast 

cancer risk are limited to single point time measurements, which may not reflect the 

vitamin D acquisition over time.  

 



37 

 

5.3 Viruses 

Ever since the hypothesis that mammary tumour agent in mice, later described as 

mouse mammary tumour virus (MMTV), may be implicated in breast cancer aetiology 

by John Bittner in the 1930s  (Bittner 1957) , epidemiological evidence implicating viral 

oncogenesis in breast cancer risk has been debated. In recent years, interest has been 

focused on the Human papilloma virus (HPV), MMTV and Epstein-Barr virus (EBV).  

EBV is a ubiquitous human gamma-herpes virus which infects more than 90% of the 

population worldwide. It was classified as a class 1 carcinogen by the International 

Agency for Research on Cancer (IARC) (Griffin 2000) because of its role in other 

cancer forms such as African Burkitt’s lymphoma, Hodgkin’s lymphoma, 

nasopharyngeal and gastric carcinomas. The association between EBV and breast 

cancer has been controversial because while some studies report no detection of the 

EBV genome in breast cancer tissues (Hemminki and Czene 1999, Chu et al. 2001, 

Murray et al. 2003), others report detection rates ranging from 20 to 60 % (Labrecque 

et al. 1995, Bonnet M et al. 1999, Fawzy et al. 2008).  

Disparity in the results might be due to either differences in the methods of detecting 

EBV in different studies, or to the argument that EBV is confined to lymphocytes 

located in breast tumours (Herrmann and Niedobitek 2003). Micro-dissection and 

isolation of pure tumor cells have revealed that even in EBV-positive tumour samples, 

many tumour cells do not contain the EBV genomes and that breast carcinomas are 

highly heterogeneous in terms of genome content and distribution (Perrigoue et al. 

2005). These findings raise the possibility that although EBV is not likely to be an 

etiological agent in breast carcinogenesis, the virus might contribute to tumour 

progression (Arbach et al. 2006).  

The mechanism that favours foetal implantation at pregnancy is thought to be 

associated with an impaired cellular immunity in which the resistance to growing foetus 

is disfavoured, accompanied by a depressed circulating T lymphocyte (Nakamura et al. 

1993). The impaired cellular immunity probably favours EBV infection and/or 

reactivation during pregnancy. Following EBV reactivation, there is expression of the 

latent infection membrane protein 1 (LMP1) which has oncogene-like effects. The 
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LMP1 signalling mediated alterations via the tumour necrosis factor superfamily alters 

gene expression which is critical for long term cell proliferation and survival, significant 

features for the development of malignancies (Izumi 2010).  

5.4 Oncogens and Oncoproteins 

Breast cancer is thought to be a series of stepwise genetic alterations of normal host 

cells or possibly from other non-genetic changes in the behaviour of host cells. These 

alterations result in the formation of oncogenes, a class of genes whose activation is 

important in the development of the cancer. The activation could result in synthesis of 

protein that results in increased cell growth, as in the Human Epidemal growth factor 2, 

HER’s-2, which is expressed in over 20% of primary breast cancer cases (Osborne C, 

2004). 

On the other hand, tumor suppressor genes are very important in the regulation of cell 

growth. These genes are usually negative regulators of growth or other functions that 

may affect the invasive and metastatic potential of malignant cells, such as cell 

adhesion and regulation of protease activity. The loss of function within these genes 

results in the promotion of malignancy. Sometimes rather than a mutation of the tumor 

suppressor gene, there may be another mechanism that interferes with its expression 

or function, resulting in the synthesis of a defective protein. An example of a tumour 

suppressor gene is the p53 gene, discovered over 2 decades ago. 

Normally, p53 acts as a regulating mechanism for cell division and alterations in the cell 

DNA are associated with rapid increases in cellular content of this protein (Levine 

1997). There is increased p53 gene activity to exert its function as a transcription factor 

when triggered by cellular stresses as in oncogene activation, DNA damage, and 

hypoxia. This results in a cascade of events that eventually prevent tumour 

development (Nelson and Kastan 1994; Graeber et al. 1996). Possibly because of its 

pivotal function, the p53 gene is the most frequently altered gene in human cancers 

occurring in up to half of all human cancers and in approximately 20%–30% of breast 

cancers (Hollstein et al. 1996). Because p53 mutations result in increased protein 

stability, over-expression of p53 has been used as a surrogate of p53 dysfunction 
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(Osborne 2004). Host immune response produces antibodies (p53 autoantibodies) 

against the abnormally expressed p53 protein, which is also detectable relatively early 

during carcinogenesis (Labrecque 1993).  

The association between serum p53 protein (Wu et al. 2010) and p53 autoantibodies 

(Lenner et al. 1999, Metcalfe 2000, Wu et al. 2010) expression and the risk of breast 

cancer has been studied. These studies, however, are limited by the lack of the 

longitudinal quality and potential population impact of the risk estimates because of the 

inclusion of already diagnosed breast cancer cases as the study population. According 

to our knowledge, studies investigating the association between prediagnostic serum 

p53 protein and p53 autoantibody levels with subsequent risk of pregnancy-associated 

breast (PABC) cancer do not exist. 

5.5 Possible joint hypotheses 

Apart from understanding the role of individual biomarkers on the risk of PABC, it is 

likely that an interaction between these factors leads to a joint functional effect. Vitamin 

D, for instance, is immunosuppressive and has been associated with various 

autoimmune diseases (Cantorna et al. 1996, Ascherio et al 2010). It is possible that the 

EBV infection or reactivation may be altered by vitamin D levels, with a consequent 

effect on the risk of breast cancer occurring soon after pregnancy. This is especially 

important at pregnancy, which is thought to be an immune-suppressive window of life, 

during which a mother’s immune response is tapered to accept her fetus. 

 Animal studies have also shown that p53 null mice are more susceptible to 

development of breast cancer when inoculated with endogenous hormones which 

increase proliferation (Rajkumar et al. 2007). It is likely that individuals expressing p53 

autoantibodies (an indication of dysfunctional p53) at different levels of endogenous 

hormones may show varied risk of PABC.  

Also, vitamin D status in humans modulates the immune response to and reactivation 

of EBV (Tsoukas et al. 1984), and interplay of the two has recently been suggested to 

play a role in chronic disease (multiple sclerosis) development (Holmøy 2008), often 

following pregnancy. It is possible that the association between EBV and PABC is 
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determined by the levels of vitamin D. The present study utilises molecular 

epidemiological tools to evaluate the role of prediagnostic biomarkers on the risk of 

development of a more aggressive sub-group of breast cancer, pregnancy-associated 

breast cancer (Breast cancer occurring during pregnancy or one year post-partum). 
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6 Aims of the study 

To better understand the multi-factorial etiology of pregnancy related breast cancer, the 

present study evaluates to the role of prediagnostic serum biomarkers as risk markers 

of the subsequent development of breast cancer, and pregnancy-associated breast 

cancer (PABC). The specific aims of this study were to study:  

 

1. The effect of the duration of storage and season of sample withdrawal on the serum 

levels of vitamin D and androstenedione  

2. The association between prediagnostic serum vitamin D levels and risk of breast 

cancer, and PABC 

3. The association between past Epstein-Barr virus infection and reactivation on the 

risk of subsequent development of PABC 

4. The association between prediagnostic p53 protein and p53 autoantibodies, and the 

joint effects with vitamin D and androstenedione on risk of PABC 
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7 Material and Method 

7.1 Serum biobank 

A biological specimen bank, also called a biobank, is “a system which stores one or 

many types of biological specimens for later analysis from single or multiple studies 

under conditions which permit efficient retrieval and optimum stability of the samples” 

(Winn et al. 1990). The biological specimen bank captures and stores a specific 

moment in the life of the study participants, in the same way that an archived completed 

health questionnaire or a stored radiograph does. This is especially important in 

longitudinal studies, whereby an understanding of temporal sequencing of events is of 

interest.  

In Finland there are a number of decades-old biobanks which mainly differ in their 

coverage, the type of material archived and the sampled participants. These biobanks 

are linkable by unique personal identification data (PID) to comprehensive population-

based health registries, thus providing possibilities for studies with adequate statistical 

power for rare diseases and exposures (Pukkala et al. 2007). In the past ten years, 

informed consent has been collected from persons donating biological samples, with 

clear indication that the samples will be used for purposes of research. For older 

samples, enacted legislation or opt-out public broadcasts have formalized the use of the 

samples.  The largest of these biobanks is the Finnish Maternity Cohort biobank. 

7.2 The Finnish Maternity Cohort  

The Finnish Maternity Cohort (FMC) was established in 1983. With a national coverage 

of approximately ninety-eight percent in Finland (Pukkala et al. 2007) it has over 1.6 

million serum samples collected at first trimester of pregnancy. The samples, collected 

primarily for the screening of congenital infections and rubella, are withdrawn at 

municipal maternity care units at gestational weeks 8 to 12, following an informed 

consent. Thereafter, a volume of serum (1-3 ml) is stored at -25 0C in polypropylene 

cryo vials at the National Institute for Health and Welfare (previously National Public 
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Health Institute), Oulu, Finland (Koskela et al. 2000). Data on reproductive or medical 

history, personal identification data (PID), and demographic variables are available in 

the data files of the biobank. Storage of the serum samples is for the primary purpose of 

epidemiological research.   

7.3 Finnish Cancer Registry 

The Finnish Cancer Registry (FCR), the national population-based cancer register in 

Finland, is a population-based cancer registry which collects data on all new cases of 

cancer occurring in a well-defined population. All cancer cases diagnosed in Finland 

since 1953 are reported to the FCR, and coverage of the national cancer registry is 

virtually complete (>98%) with no loss to follow-up (Teppo et al 1994). The National 

Board of Health requests all physicians, hospitals and pathology laboratories to notify 

the FCR of diagnosed cases of cancer. This notification was made mandatory since 

1961 in Finland.  

All diagnosed cancer cases are sent to the FCR in electronic (online) or paper format. 

Information sent is immediately stored in the database of the registry. Visual and 

automatic checking procedures for illogical order of data entry dates or erroneous code 

combinations are applied. For notifications with incomplete or controversial data, further 

request for clarification is sent to the physician, hospital or laboratory in question (Teppo 

et al. 1994). At the FCR, case files are regularly linked with the Finnish population-

based register to check the correctness of PID, and to obtain other relevant data such 

as the complete name, vital status, place of residence at the time of diagnosis and 

possible date of emigration. The registry is highly regarded by both the scientific and the 

healthcare community in Finland, and has been widely used in research, administration 

and education at different levels. 

For research purposes, permission for linkage information between the FMC, the FCR 

and population registers are obtained from the Finnish national data protection 

authorities and the local ethical committees. Identification of individuals who participate 

in sample donation is prohibited but samples can be used for research purposes, based 

on participants’ consented information.  
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7.4 Quality assurance  

The quality of molecular epidemiologic research based on a long term archive of 

biological material depends on the existence of appropriately standardized protocols for 

the collection, processing and archiving of the samples. Variability in these stages may 

introduce systematic differences in the samples (Landi and Caporaso 1997). As 

biobanks accrue relevant specimens and potential for stored specimens in medical 

research becomes more important, the quality of the decades-old archived biological 

data is cardinal.  Since the stability of biobank serum samples may be affected by the 

conditions of storage such as temperature, desiccation, contamination, and storage 

duration, there is need for scientific understanding of the stability of some biomarkers.   

7.5 Nested case-control design 

In the past few years, case-control studies nested within a prospective cohort have 

played a key role in understanding new risk factors for rare chronic diseases such as 

breast cancer. In a nested case-control study, the cases (upon diagnosis) that occur in 

a defined cohort are identified and, for each, a specified number of matched controls is 

selected from among those in the cohort who have not developed the disease by the 

time of disease occurrence in the case (Ernster 1994). In molecular epidemiology, it 

constitutes the collection and storage (freezing) of samples from participants at entry 

(cohort). The defined cohort is then followed up until a sufficient number of diseased 

individuals (cases) are identified (Lajous and Zhang 2010). Exposure assessment and 

other vital information are thereafter retrieved from the stored sample biobank and 

registry files for cases and controls that constitute a sub-sample of disease-free 

individuals (Silva IS 1999b). The popularity of the nested case-control study in recent 

years may be attributed to its advantages in that it is relatively cheaper (as it usually 

requires a smaller sample size), once the cohort has been established. Also, there is no 

potential bias due to loss to follow-up as it is based on a prospectively established 

cohort. The nested case-control study design used in this study is made possible 

because of the availability of the decades-old FMC, and the FCR. 

 



45 

 

7.5.1 Ethical approval 

Permissions for linkage to carry out this study were obtained from the Finnish data 

protection authorities and ethical review boards of the FMC and the University of 

Tampere. 

7.6 Study population  

In study I, the population was a random sample of women having been pregnant 

between 1984 and 2002. In the second study, the two groups of cases were included: 

women who developed breast cancer during pregnancy or one year thereafter (PABC) 

as well as women whose cancer was diagnosed over a year after pregnancy but not 

more than ten years. The study population consisted of singleton pregnancies, with 

cases and controls differing only by breast cancer diagnosis status. A summary of the 

demographic data is illustrated in Table 1a below.  

 

Table 1a- Baseline characteristics of a stratified, random sample of women stemming 

from the Finnish Maternity Cohort with single and paired pregnancy samples to study 

the effect of storage time (up to 24years) on vitamin D and steroid hormone stability 

(study I). 

                                        1st pregnancy samples           1st and 2nd pregnancy samples 

                                               winter        summer              winter           summer 

Number   (N)                             163.0            161.0               38.0                40.0 

Mean age  (years)                      28.6              28.7                30.8                31.2 

Mean storage time (years)         14.9              14.9                13.2                12.3   
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7.6.1 Study I 

The samples for this study were randomly selected based on samples in a previous 

study (Holl et al. 2008). The authors retrieved 10 randomly selected first pregnancy 

samples for every other year from 1984 to 2002 (totalling 100 samples). Four 

comparable first pregnancy samples were selected for our study taking into account the 

sampling season (two samples for the same season (summer) and two for the opposite 

season (winter)), age (+/- 4 years) and municipality or residence. Eventually, 402 

samples were selected, making 201 each for summer samples winter. We also 

randomly selected 40 such individuals whose first and second pregnancies were from  

the same season (summer/summer and winter/winter) and 40 such individuals whose 

first and second pregnancy samples were from different seasons (summer/winter and 

winter/summer). Complete paired sample sets were available for 74 individuals.  

Season of sample collection was defined as winter (late December to early March) and 

summer (May to August). 

 

7.6.2 Studies II, III and IV 

For the breast cancer-related studies, risk estimates were obtained by conducting case-

control studies nested within the Finnish Maternity Cohort.  

In study II, to evaluate the association between vitamin D and breast cancer, there were 

two sets of breast cancer cases:  

- 100 breast cancer cases diagnosed within the first five years of sample withdrawal 

for the first pregnancy and 10 years for the subsequent pregnancy (Henceforth 

called non-PABC samples for clarity).  

- 111 PABC cases. The prospectively sampled PABC cases were defined as women 

diagnosed within one year from date of sample withdrawal.  
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Controls were matched by incidence density sampled cases on a one-to-one ratio for 

age (+/- 1 year), year and season of sample withdrawal, parity (+/- 1, number of 

pregnancies at the time of sample withdrawal). 

For the studies III and IV, a second set of controls were matched (same matching 

criteria as above) to the previously sampled PABC cases. This was done to increase 

power to evaluate joint effects. PABC cases were sampled from 1986 to 2005, with the 

highest number (10) in 1990 and the lowest (1) in 1987.  

 

 

Table 1b- Baseline  characteristics  of  cases  and  controls  for  serial  and  PABC1 sample 

population of the Finnish Maternity Cohort (study II to IV). For studies III and IV, a second 

set of controls matched to the PABC cases was identified. 

                            1st pregnancy samples            2nd pregnancy samples             1PABC    

                                Cases        Controls             Cases         Controls           Cases        Control 

Number   (N)                  100           100                100               100             111                111  

Median age2                   30.3          30.4              33.1               33.4            34.7              34.8 

Gestational day (days)   73.4          73.5              78.7               77.1            77.9 

Follow-up time2                7.4                                 4.6                                     1.0                    

Age at diagnosis2           37.9                               37.8                                   35.6                           

1 Pregnancy associated breast cancer (Breast cancer diagnosed within 1 year of 

sampling). A second control was selected for studies III and IV, making one-to-two case-

control pairing. 

2 Mean lag-time (time from sample withdrawal to diagnosis) in years. 

 



48 

 

7.7 Laboratory Methods 

All samples were analysed masked, with coded case-control status. Case-control pairs 

or triplets were analysed together in the same run, to minimize variation. Except for 

EBV Zebra IgG antibodies detection which was evaluated by an in house-made 

peptide-based Enzyme-Linked Immunosorbent Assay (ELISA), measurements were 

performed using commercial RIA or ELISAs as listed in Table 2. 

 

Table 2.  Summary of the laboratory methods  

Analyte Laboratory Method   

25-OHD     IDS-RIA, IDS Ltd. Boldon, UK 

EBV EBNA EA and VCA IgG 

antibodies 

ELISAs, Biotest AG, Frankfurt, 

Germany 

     p53 protein p53 ELISA, DIACLONE, Sweden 

p53 autoantibodies ELISA Dianova  Hamburg, Germany 

Androstenedione DPC Immulite 2000 Androstenedione 

Chemiluminescent EIA, UK 

 

EBV, Epstein-Barr virus  

EBNA, Epstein-Barr virus nuclear antigen 

EA, Early antigen 

VCA, Viral capsid antigen 

ELISA, Enzyme-linked immunosorbent assay 

EIA, Enzyme immunoassay 
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Serum 25-OHD was quantified using a 25-OHD IDS-radioimmunoassay (RIA) from IDS 

Ltd, Boldon, UK. 160 µL aliquots of previously unthawed samples were sent to the 

Department of Anatomy at the University of Tampere, Finland, for laboratory analysis. 

The procedure entails two stages; the extraction phase and the quantification phase.  

To quantify the serum levels of androstenedione, 160 µL aliquots of previously 

unthawed samples were also sent to the Department of Medical Biosciences, University 

of Umeå, Umeå, Sweden for laboratory analysis by competitive chemiluminescent 

enzyme immunoassay (DPC Immulite 2000 Androstenedione Chemiluminescent EIA, 

UK). With control sera, the inter-assay coefficient of variation (CV) was 16.9% at 2.2 

ng/mL and 6.2% at  5.4 ng/mL.  

The serum p53 protein and p53 autoantibodies were detected using commercially 

obtained ELISA from DIACLONE (DIACLONE, Sweden). The ELISA measures both 

wild-type and recombinant p53 proteins applying plates pre-coated with a monoclonal 

antibody specific to p53 protein. Standards with known p53 concentrations were used 

on all wells. A sample volume of 100 µl is required for the assay. Quantification of 

serum p53 autoantibodies was done using a commercial p53-autoantibody ELISA kit 

from Dianova (DIANOVA p53-autoantibodies ELISA Kit, Hamburg, Germany). Step 

Procedures were performed as directed by the manufacturer. The absorbance, which is 

directly proportional to the concentration of p53 protein and p53 autoantibodies levels 

were read at 450nm on a spectrophotometer, and quantification of p53 protein and p53 

autoantibodies was extrapolated from a calibration curve.  

Immunoglobulin G (Ig G) antibodies to EBV nuclear antigen (EBNA) and early antigen 

(EA) were assessed by commercial ELISAs based on recombinant proteins 

(Biotest AG, Frankfurt, Germany). The measurements were performed at the Centro di 

Riferimento Oncologico, Istituto Di Ricovero e Cura a Carattere Scientifico, Italy. 

Following the manufacturer’s recommendations, a priori cut-off values were defined 

relative to internal positive and negative reference sera to define positive or negative 

samples on all plates. Samples that were EBNA IgG negative were also assessed for 

the viral capsid antigen (VCA) IgG to evaluate past infection. In addition, EBV Zebra 
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IgG antibodies were evaluated by an in house-made peptide-based ELISA, as 

previously described. 

 

7.8 Statistical analysis 

We used SPSS (Statistical Package for Social Sciences, SPSS Inc., Chicago, IL) for all 

statistical analysis. A two-sided p value < 0.05 was considered statistically significant 

for all tests. 

For study I, logarithmic transformation was performed on the serum 25-OHD levels 

because they were not normally distributed. Pearson’s partial correlation coefficient (r) 

was used to test for correlation between duration of sample storage and both 25-OHD 

and androstenedione levels.  Independent sample t-test was used to assess the effect 

of sampling season on single hormone measurement, and the paired sample t-test to 

assess the effect of the sampling season on paired (serial) hormone measurements.  

For study II, quintile cut-off points were determined using 25-OHD quintiles levels of the 

controls. Relative risk estimates (expressed as odds ratio (OR)) at 95% confidence 

intervals (CI) of breast cancer were obtained by comparing quintile levels of serum 25-

OHD, using Conditional Logistic Regression, with the lowest quintile as the reference. 

Separate analysis were performed for the first and second pregnancy levels (non-

PABC), and PABC levels of 25-OHD. The breast cancer risk was also evaluated for 

women with clinically sufficient (  75nmol/L) levels of serum 25-OHD (Holick 2007).  

For the study III, ORs with 95% CI were estimated by conditional logistic regression for 

the matched case-control triplets, with EBV seronegative samples as the reference. 

The levels of serum 25-OHD were also categorized based on a previous definition of 

vitamin D sufficiency (Holick 2007), resulting in a digression of the case-control triplets. 

Thus, unconditional logistic regression was used to obtain relative risk estimates for the 

serological EBV markers and PABC risk, adjusted for the originally matched criteria.  
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For the study IV, group percentages were calculated and compared using the non-

parametric Mann-Whitney test. Spearman’s ranked correlation (rs) was used to assess 

association between serum p53 protein and p53 autoantibody levels. OR with 95% CI 

for PABC were also derived by conditional logistic regression for matched case-control 

sets by levels of p53 protein and p53 autoantibodies (lowest level as reference). 

Likewise, for the joint effect, non-conditional logistic regression was used to obtain risk 

estimates for higher levels of p53 protein and p53 autoantibodies within categories 

(median level for controls) of vitamin D and androstenedione.  
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8 Results and comments 

8.1 Study I – Quality control of FMC serum samples 

 Storage of serum samples in the FMC biobank at -25 0C for up to 24 years does 

not affect 25-OHD detectability  

 Observed significant difference in seasonal variation affects serial sample 

pairing. 

There was no significant correlation between serum 25-OHD levels and storage time 

neither for the first pregnancy samples (rs= -0.08) nor for the second pregnancy 

samples (rs = -0.09). Similar results were obtained for androstenedione levels (rs = 

0.09).  

There was a highly significant mean difference in the levels of 25-OHD for paired serum 

samples in two consecutive pregnancies during winter (first sample) vs. during summer 

(second sample) (mean difference µd,= -18.4nmol/L; p-value 0.001, Table 3a). This 

was true (albeit to the opposite direction) also for the first samples withdrawn during 

summer versus the second samples withdrawn during winter (µd= 9.4nmol/L; p-value 

<0.1). Comparing the average serum 25-OHD levels for groups of individuals with 

different kind of pairs of sampling seasons (identical or opposite seasons), we found 

significant differences when winter-winter samples were compared to all other types of 

sample pairs (Table 3b). The highest differences were observed when comparing the 

average serum 25-OHD levels of winter-winter samples with summer-summer (µd= 

16.6nmol/L, p-value 0.001) and summer-winter samples (µd= 17.8nmol/L; p-value  

0.001). No statistically significant differences were observed when similar comparisons 

were made for androstenedione levels. 
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Table 3a Average differences in serum 25-OHD (nmol/l) in paired sera of pregnant 

Finnish women by season of sample withdrawal 

Seasons of sample withdrawal Mean differences 

In  1st and 2nd samples 

P value 

winter-summer(w-s) 

summer-winter(s-w) 

summer-summer(s-s) 

winter-winter(w-w) 

-18.4 

   9.4 

  -1.9 

  -5.1 

 0.001 

    0.10 

    0.67 

    0.07 

 

Table 3b Differences in average serum 25-OHD (nmol/l) of paired pregnancy samples 

of Finnish women with specific pregnancy/sampling history 

 Summer - Winter Winter – Summer  Winter - Winter 

                     Mean difference1 (p value) 

Summer- Summer    1.20 (0.83)    - 6.90 (0.11) 16.60 (0.001)2 

Summer - Winter     - 8.04 (0.11) 17.80 (0.001)2 

Winter - Summer     9.70 (0.02 )2 

1Mean differences between averages of paired serum 

2Individual paired samples of 25-OHD for winter-winter pairs are significantly lower than 

all other individual season pairs 
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8.2 Study II – Prediagnostic vitamin D status and the risk of PABC 

 Higher levels of serum 25-OHD were associated with increased risk of PABC, 

but not with non-pregnancy associated breast cancer. 

In general, no statistical significant association of serum 25-OHD levels with the risk of 

breast cancer was observed quintile by quintile, or between the lowest versus other 

(2nd to 5th) quintiles combined, neither for the first (OR=1.4, 95%CI 0.6-3.4) nor for the 

second pregnancy samples (OR=1.4, 95%CI 0.7-2.9), Table 4). On the contrary, higher 

levels of vitamin D (2nd to 5th quintiles combined) were associated with an increased 

risk of PABC (OR=2.7, 95%CI 1.04 - 6.8). The OR was two to four times higher in the 

different quintiles of vitamin D levels compared to the lowest quintile (Table 4).  

 

Table 4- Odds ratio (OR) with 95% confidence interval, CI) of breast cancer and 

pregnancy-associated breast cancer (PABC) by quintiles of serum vitamin D 

concentrations (Study II) 

First Pregnancy Second pregnancy PABC  

Quintiles OR (95% CI) OR (95% CI) OR (95% CI) 

Q2 vs Q1 1.5(0.5 - 2.0) 1.0(0.4 – 2.6)   2.9(1.0 - 8.4) 

Q3 vs Q1 1.2(0.4 - 3.6) 1.7(0.7 - 4.2)   2.0(0.7 - 6.0) 

Q4 vs Q1 1.2(0.4 - 3.7) 0.7(0.2 - 1.9)   3.7(1.2 - 11.8) 

Q5 vs Q1 1.4(0.5 - 4.2) 2.1(0.8 - 5.1)   1.9(0.5 - 6.7) 

Q2-5 vs Q1 1.4(0.6 - 3.4) 1.4(0.7 - 2.8)   2.7(1.0 - 6.7) 

Q1
 is the lowest (reference) quintile of serum 25-hydroxy vitamin D 
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8.3 Study III – Past EBV infection and the risk of PABC 

 Whereas previous EBV infection was not associated with risk of PABC, EBV 

reactivation among individuals with more than sufficient levels of vitamin D was 

associated with increased risk of development of the disease.  

The concentrations of anti-EA IgG and anti-ZEBRA IgG were significantly correlated (p 

< 0.04). There was no statistically significant association between the risk of PABC and 

antibodies to EBNA, EA or ZEBRA antigens (Table 5a).  Individuals positive for either 

anti-EA IgG or anti-ZEBRA IgG antibodies had a somewhat increased risk of PABC with 

borderline statistical significance (OR= 1.6, 95% CI 1.0 – 2.8). 

 

Table 5a    Risk estimates (OR with 95% CI) for pregnancy-associated breast cancer in 

relation to the detection of positive IgG antibodies to EBV antigens in the Finnish 

Maternity Cohort (Study III) 

 

Seropositivity 

    Number of 

Cases      Controls 

 

      ORs         95% CI 

EBNA   

               -ve 

               +ve 

 

EA  

              -ve 

              +ve 

 

ZEBRA    

               -ve    

               +ve 

 

   6                    8 

102                 200 

              

 

 30                   73 

 78                 135 

 

 

 94                  191 

 14                   17     

 

        1 

        0.7         0.2 – 2.2 

 

 

       1 

       1.5         0.9 – 2.5 

 

    

      1 

      1.4        0.7 – 2.8 
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Among individuals with more than sufficient levels of serum 25-OHD (  75nmol/l), a 

highly increased risk of PABC was associated with positivity for serum EA IgG 

antibodies (OR= 7.7, 95% CI 1.4 – 42.3) and ZEBRA IgG antibodies (OR= 7.8, 95% CI 

1.1 – 61.1). Furthermore among these women, positivity for either EA or ZEBRA IgG 

antibodies was significantly associated with the risk of PABC (OR= 12.1 95% CI 1.3 – 
107.3). No such differences were found among individuals positive for EBV EBNA IgG 

antibodies (Table 5b). 

 
Table 5b OR with 95% CI for pregnancy-asscociated breast cancer and EBV EBNA, EA 

and ZEBRA IgG antibody positivity among women with sufficient levels of vitamin D in the 

first trimester serum samples of the Finnish Maternity Cohort (Study III)  

                                                       Number of                    

  Seropositivity                      Cases        Controls                    OR1              95% CI          

                           
                 Vit D ( 75 nmol/l) 

EBNA        -ve                          0                 0                              

EBNA       +ve                        13.0             24.0                          n.a 

  

 EA           -ve                           2.0            14.0                           1.0 

 EA          +ve                          11.0           10.0                           7.7              1.4 –  42.3 

 

ZEBRA     -ve                           9.0            22.0                           1.0 

ZEBRA    +ve                           4.0              2.0                           7.8               1.1 – 61.2 

Vitamin D levels defined as sufficient (serum 25-OHD  75 nmol/l) 
1Adjusted for age and season of sampling 

n.a = not available 
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8.4 Study IV – p53 expression and the risk of PABC 

 Higher p53 autoantibody levels, but not p53 protein levels, tended to be 

associated with risk of development of PABC. The risk was significantly higher 

for women with higher levels of vitamin D and androstenedione. 

Serum p53 protein concentrations were not correlated (rs= 0.05, p< 0.4) with p53 

autoantibody levels. Higher levels of serum p53 protein were not associated with the 

risk of PABC, whereas increased p53 autoantibody levels tended to be associated with 

risk of development of the disease (OR= 2.3, 95% CI  0.9 – 5.5, for highest versus 

lowest quintile) (Table 6a). This was even more so for women with vitamin D levels 

above the median among whom increased p53 autoantibody levels showed very high, 

albeit not significant, point estimates for the risk of PABC (OR=6.6, 95%CI  0.7 - 65.4) 

(Table 6b).  

Table 6a OR with 95% CI  of pregnancy-associated breast cancer for p53 proteins, p53 

autoantobody and androstenedione levels in a Finnish Maternity Cohort sub-sample 

(Study IV).  

                                         Cases      Controls      OR               95% CI          

              

p53 protein                 

               0 – < 63               70         128                1.0 

     63– <179               34           83                 0.7               0.4 – 1.3 

                   179                 5             9                  1.0               0.3 – 3.1 

---------------------------------------------------------------------------------------------------- 

  p53  autoantibody       

               0 – < 35                85         187               1.0 

             36 – < 67                16          28                1.2                0.6 – 2.5 

         67                   10           9                 2.3                0.9 – 5.5 
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Among women with levels of circulating androstenedione below the median, no 

association was found between p53 protein or 53 autoantibodies and the risk of PABC 

(Results not shown). In individuals with above median levels of androstenedione, 

increased p53 autoantibody levels were associated with a significantly increased risk of 

PABC (highest versus lowest category, OR=5.6, 95%CI 1.0 - 32.0). 

 

Table 6b Risk estimates (OR with 95% CI) of pregnancy-associated breast cancer for 

joint effects of p53 proteins, p53 autoantobodies and androstenedione in different 

vitamin D strata of a Finnish Maternity Cohort sub-sample (Study IV).  

         Seropositivity                 Cases            Controls               OR               95% CIa           

                 
1Vit D (< 37 nmol/L) 

 p53 protein       
           
               0 – < 63                   34                   63                     1.0 

     63 – <179                   12                   37                     0.6               0.3 – 1.3 
                    179                      3                    1                      5.6               0.6 – 55.6 
 
p53  autoantibody       
               0 – < 36                   40                   81                      1.0 
             36 – < 67                     4                   12                      0.7                0.2 – 2.2 

            67                     5                    6                       1.7                0.5 – 5.9 
  
 
                   

1Vit D (  37 nmol/L) 
p53 protein       
           
               0 – 62                      35                    61                    1.0 

     64 – 178                    21                    42                     0.9               0.5 – 1.7 
                  179                     2                       8                      0.4               0.1 – 2.2 
 
p53  autoantibody       
              0 – < 36                    44                   97                     1.0 

       36 – < 67                   11                   11                     2.2              0.9 – 5.5 
        67                       3                 1                          6.6              0.7 – 65.4 

1Median level of serum 25-OHD (37 nmol/L) 
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9 Discussions 

This study was conducted to evaluate prediagnostic vitamin D status, EBV infection 

and reactivation, p53 protein and p53 autoantibodies as risk indicators for the 

development of breast cancer occurring during pregnancy. Considering the relatively 

small lag time between serum sampling and development of this disease, the strength 

of the longitudinal FMC biobank provides a unique opportunity to evaluate these 

associations. The effect of duration of storage on the stability of biomarkers, a factor of 

significant importance in molecular epidemiological studies, was first evaluated. 

No variation was noted for serum vitamin D and androstenedione in serum samples of 

the FMC following storage of up to twenty-four years. Thus, serum samples stored at -

25 OC can be used to study vitamin D- and androstenedione-disease associations. For 

vitamin D-disease related studies, the study findings, however, highlighted the 

importance of matching for the season of sample withdrawal, for single samples as well 

as serial sample measurements.   

Prediagnostic circulating vitamin D levels at the first and second pregnancy, 

independently, were not associated with the risk of breast cancer in general. On the 

other hand, higher levels of vitamin D were associated with the risk of development of 

PABC. 

Past EBV infection was not associated with risk of development of PABC whereas EBV 

reactivation amongst individuals with more than sufficient levels of vitamin D was 

associated with a highly significantly increased risk of the disease.   

Whereas higher serum p53 autoantibodies tended to be associated with the risk of 

PABC, serum p53 protein was not associated with risk of PABC. Among women with 

more than the median levels of vitamin D and androstenedione, higher levels of p53 

autoantibodies were highly associated with increased risk of development of PABC. 
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9.1 Comparison of the study results to other studies  

Despite evidence that the incidence of PABC is increasing, studies on the disease are 

scarce, and provide a limited scope for comparison. However, comparison to breast 

cancer in general is valid because of their more or less common aetiology. 

 

9.1.1 Association between serum 25-hydroxyvitamin D and pregnancy-

associated breast cancer 

Evidence from laboratory studies implicating higher vitamin D levels to reduced risk of 

breast cancer is based on the fact that the more active form, 1, 25-(OH)2D , inhibits cell 

proliferation and induces differentiation and apoptosis in normal and malignant breast 

cells (Colston and Hansen 2002, Welsh et al. 2003, Lowe et al. 2003). Later findings 

have, however, shown that the more stable form, 25-hydroxyvitamin D, also has some 

hormonal properties (Lou et al. 2004) and protects against cellular stress in breast 

epithelial cells (Peng et al. 2010). The role of 25-OHD in the aetiology of breast cancer 

is therefore not limited to the indirect action via 1, 25-(OH)2D , but also to its direct 

action as a hormone. 

The present study is the first, to our knowledge, to evaluate the association between 

prediagnostic serum levels of 25-OHD levels and risk of development of breast cancer 

occurring during or soon after pregnancy. Only 12% of our study population had 

sufficient levels of vitamin D, consistent with the high prevalence of vitamin D 

insufficiency in pregnant women populations (Kazemi et al. 2009, Yu et al. 2009).  

We found no association between serum 25-OHD levels and the risk of breast cancer 

among the non-PABC cases. The result is consistent with findings in prospective 

studies among postmenopausal women (Bertone-Johnson et al. 2005, Freedman et al. 

2008, Chlebowski et al. 2008, McCullough et al. 2009), a sub-group of premenopausal 

women (Bertone-Johnson et al. 2005) and in two recent meta-analyses (Gandini et al. 

2010, Yin et al. 2010). In a more recent case-control study nested within The Malmö 

Diet and Cancer Study (Almquist et al. 2010), a weak non-significant inverse 
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association was noted among postmenopausal women, and a non-significant positive 

association for a subset of premenopausal women. 

Despite the strong experimental evidence supporting the anti-carcinogenic effects of 

vitamin D, our findings in the non-PABC population, together with the observed 

inconsistent findings in other longitudinal observational studies are probably due to 

variations in the study population. Moreover, the timing of the onset of cancer where 

vitamin D levels may be crucial is unknown. Unlike previous studies, the present study 

considered two measurements of prediagnostic serum vitamin D levels with a lag of 5 

years. Further studies which utilise more than two serial sample measurements of 

vitamin D levels may not provide more insight into the role of vitamin D in breast cancer 

unless the follow-up is much longer. 

Intriguingly, this study observed that higher levels of prediagnostic serum 25-OHD 

levels were associated with a significantly increased risk of development of PABC, the 

more fatal sub-group of breast cancer occurring among premenopausal women.  

The positive association between levels of serum 25-OHD and the risk of PABC, though 

in contrast with evidence from animal studies (Colston an Hansen 2002, Welsh et al. 

2003, Lowe et al. 2003), supports that higher circulating levels of serum 25-OHD are 

positively associated with elevated risk of other aggressive cancer forms such as 

aggressive prostate cancer (Tuohimaa et al. 2004, Ahn et al. 2008) and pancreatic 

cancer (Stolzenberg-Solomon et al. 2009, Stolzenberg-Solomon et al. 2010).  

The mechanism underlying the positive association between vitamin D and risk of 

PABC is unclear. Levels of vitamin D binding protein (VDBP) are significantly increased 

during pregnancy (Haddad 1995). VDBP is the carrier protein of vitamin D in circulation, 

with higher affinity for 25-OHD than for 1, 25-(OH)2D (Bouillon et al. 1981), probably  

increasing the relative availability of the biologically more active, anti-carcinogenic form, 

1, 25-(OH)2D. Our observation might be explained by an inverse association between 

the free levels of the two forms of vitamin D. On the other hand, higher 25-OHD levels 

within the body may affect its metabolism, e.g., increased 24-hydroxylation (Welsh 
2004), and lead to reduced tissue concentrations of 1, 25-(OH)2 D, with again 

consequent low anti-proliferative activity. It is also possible that the observation is due 
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to a pre-existing disease, considering the short follow-up time between sample 

withdrawal and diagnosis for the PABC cases. 

 

9.1.2 Association of Epstein-Barr virus and risk of pregnancy-associated 

breast cancer  

This is the first study, to our knowledge, to evaluate the interplay between 

prediagnostic EBV reactivation and vitamin D with the risk of PABC. Almost all 

individuals in this study showed EBV seropositivity, comparable to other results among 

pregnant women populations in Finland and Iceland (Lehtinen et al. 2003) as well as in 

the U.S.A (Haeri et al. 2010). The ubiquitous nature of the virus explains the high 

prevalence of EBV seropositivity observed. EBV reactivation occurs frequently during 

pregnancy (Costa et al. 1985, Haeri et al. 2010), probably due to reduced cellular 

immune response associated with pregnancy. 

The null association between past EBV infection and risk for subsequent development 

of PABC in this study has been previously reported among premenopausal women 

(Richardson et al. 2004), with no association between positivity for EBV and risk of 

breast cancer.  In another study (Joshi et al. 2009), the mean anti-EBNA IgG antibody 

levels were significantly higher in breast cancer cases than in controls with benign 

breast disease. Both studies, however, lack the temporality for risk association (the 

cause precedes the effect) since EBV seropositivity for cases were measured after 

cancer diagnosis. In a more recent case-control study nested within the Janus Serum 

Bank cohort (Cox et al. 2010), EBV IgG antibody levels in serum samples drawn at 

least four years before breast cancer diagnosis were not associated with the risk of the 

disease.  

Methodological variation in detecting EBV in different studies has also been suggested 

to explain the differences in results (Murray 2006). In this study, we employed four 

serological markers of EBV infection, and found that EBV EA antigen antibodies 

reflecting the expression of EBV early antigens were notable in a proportion of PABC 

cases. The longitudinal and population-based nature of sample collection and cancer 
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registration minimize the possibilities that our results are due to reverse causality bias 

or chance introduced because of case mis-classication. 

Positivity for both serum anti-EBV ZEBRA Ig G and anti-EBV EA IgG antibodies confirm 

occurrence of EBV reactivation which was notable almost exclusively in individuals with 

sufficient levels of vitamin D. These women, who showed positivity for anti-EBV EA or 

ZEBRA IgG antibodies had a significantly increased risk for PABC. These observations 

are reminiscent of hypotheses on other associations between EBV, vitamin D chronic 

diseases such as multiple schlerosis (Holmøy 2008, Ascherio et al. 2010). The active 

form of vitamin D, dihydroxyvitamin D3, is a potent immunomodulator, and may 

modulate the immune response to EBV infection by suppressing T-cell proliferation 

(Lemire 2000, Holmøy 2008). It is possible that at higher levels of vitamin D, the 

immune surveillance to EBV is reduced, thus promulgating viral reactivation from EBV 

harbouring B cells.  

The fact that EBV readily transforms normal human B cells into lymphoblastoid cells 

that grow perpetually, lent credence to its oncogenic nature, since immortal cell growth 

in culture is one of the major characteristics that differentiate cancer cells from normal 

cells (Kieff 2010). Upon EBV reactivation, the viral ZEBRA protein further down-

regulates the immune response by inducing the expression of cytokines IL-10, a 

negative regulator of macrophages and NK cell functions (Moore et al. 1993). There is 

also evidence that EBV reactivation proteins elicit anti-apoptotic response through 

several pathways (Lin and Flemington 2010). In a laboratory study, Inman et al. (Inman 

et al. 2001) showed that upon in vitro activation, ZEBRA-negative EBV-positive cancer 

cells undergo apoptosis, whereas there was no apoptosis for the ZEBRA-positive 

population. The inhibition of apoptosis together with the altered immune response 

provides suitable conditions for the progression of transformed cells and/or an already 

existing cancer. 

The observed association between EBV reactivation markers and risk of development 

of PABC among women with more than sufficient levels of vitamin D provides evidence 

for contemplating possible point effects of the two (EBV and vitamin D) in chronic 

disease associations (Holmøy 2008). The clinical implications of EBV reactivation in 

cancer epidemiology warrants further studies.  
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9.1.3 Association of p53 protein and p53 autoantibodies and risk of 

pregnancy-associated breast cancer 

The observation that prediagnostic levels of p53 protein are not associated with the risk 

of PABC, though contrary to previous positive findings on benign breast disease (Rohan 

et al. 1998), is consistent with an earlier study which found no significant association 

between p53 accumulation in benign breast tumor biopsy specimens and risk of 

progression to breast cancer (Younes et al. 1995).  The detection of p53 proteins in this 

study is based on over-expression and detection of free serum p53 protein. It is possible 

that the p53 proteins form complexes with p53 autoantibodies soon after their 

expression and are not identified in serum for long. This might also be due to the over 

expression of p53 protein antagonists, leading to its degradation. In tumours without any 

signs of mutation in the p53 gene, the human form of murine double minute 2 protein 

(HDM2), a p53 antagonist, is over-expressed fostering the premature degradation of 

p53 protein (Mori et al. 2004). 

On the other hand, the somewhat positive association between p53 autoantibody levels 

and risk of PABC is in tandem with previous observations in a cross-sectional study 

(Lenner et al. 1999). In that study, the presence of high levels of p53 autoantibodies 

was associated with a 9-fold increased risk of breast cancer. The cross-sectional case-

control setting comparing newly diagnosed breast cancer cases to cancer-free controls 

lacks the temporality to evaluate a causal association. Our study exploits a longitudinal 

setting by using prediagnostic serum samples and a modestly increased risk for the 

development of PABC in individuals positive for p53 autoantibody at the first trimester of 

pregnancy.  

To the best of our knowledge, no study has reported associations between 

prediagnostic levels of p53 protein and p53 autoantibodies at pregnancy and the risk of 

PABC. The strength of our study lies on the prospective nature of the study, and the 

observed stability of the biomarkers in the serum samples of our study material (Study 

I).  
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9.2 Biobank-based approach in the breast cancer context 

Biobank-based research has become increasingly important in recent years, despite the 

associated cost, because of the power of inference inherent in the prospective nature of 

the sample collection. Standardized processes entailing the collection of samples from 

participants up to storage for research purposes is critical to the quality of biobank-

based research. Non-standardized alterations in the collection, handling and storage of 

the samples may have enormous consequences on the quality of the material, hence on 

the results and recommendations based on the analysis (Männistö et al. 2007). FMC 

samples are readily available for vitamin and hormone measurements. 

The use of biobank data offers proper time order for which data is collected for the 

exposure and outcome, and decreases the possibility of “reverse causality bias”, i.e. the 

mixing up of cause and effect (Pukkala et al. 2007). This is even more important in 

individuals with PABC who generally turn to present with a more fatal disease. For the 

samples were collected prior to the date of diagnosis, temporality can be conveniently 

assumed. The nested-case control design with incidence density sampling employed in 

these studies has the advantage that there is no need to follow-up the controls beyond 

case's diagnosis. Meanwhile matching reduces bias due to known confounders such as 

age at sample withdrawal. 

9.3 Validity of the assays and the markers used  

The measurement of serum 25-OHD over the more active 1, 25-(OH)2D as a marker of 

vitamin D status is because 25-OHD is more stable and easily responds to 

subcutaneous production and vitamin D intake (Hollis 2008). Like for 1, 25-(OH)2D ,  it 

has been observed that 25-OHD has hormonal properties (Lou et al. 2004) and 

protects against cellular stress in breast epithelial cells (Peng et al. 2010). Its role in the 

aetiology of breast cancer is therefore not limited to the indirect action via 1, 25-(OH)2 , 

but also to its direct action as a hormone. The commercial RIA for quantification of 

serum 25-OHD is selectively sensitive to the measurement of 25-OHD3 over 25-OHD2 

(Hollis 2008) and the values quantified may represent an underestimate of the true 

levels of circulating vitamin D levels.  
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9.4 Sample size and generalisability of the results 

 

To our knowledge, this is the first study to investigate the molecular indicators for risk of  

PABC. For breast cancer disease association, we had a modest sample size for the 

Study II. The power was increased in Studies II and III by selecting a second set of 

controls. The larger sample size increases the precision (reducing random error) in the 

estimates and therefore and our ability to reveal associations. The FMC and other 

Nordic maternity cohorts are shown to have good population representativeness, with 

no significant difference in cancer incidence as compared to their respective national 

rates (Pukkala et al. 2007). The findings of this study can therefore be generalized to all 

Finnish women. The findings from this study should, however, be interpreted with 

caution, particularly when compared to non-pregnant women populations. The 

homogeneous source population of this study reduces the generalisability to pregnant 

women populations of other ethnic groups. 

9.5 Strengths and limitations of the study 

The use of serum molecular indicators (biomarkers) as a measure of exposure to risk 

factors long before disease occurrence is a substantial advancement in epidemiological 

research. The use of self-reported questionnaires or interviews as surrogates of 

circulating biomarkers usually introduces differential misclassification such as recall 

bias. The advantage of measurement of serum biomarkers eliminates such biases. 

Except for the disease status, the cases and controls in the study were quite 

comparable. All samples were pregnant (gestational weeks 8- 12) at sample withdrawal. 

Due to the effect of pregnancy-associated plasma volume expansion on biomarker 

estimation (Faupel-Badger et al. 2007), only women with singleton pregnancies were 

included in this study. The cases included only women with a primary diagnosis of 

breast cancer.  

We observed no changes in the levels of serum vitamin D and androstenedione 

following years of freeze-storage. Ideally, the measurement of sample degradation over 

a long period of time should entail one measurement at collection time, followed by 
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several measurements over the duration of storage.  A setback in this context is that the 

FMC biobank until recently did not take into account the number of freeze-thaw cycles 

per sample. Fortunately, serum 25-hydroxyvitamin D has been shown to be unaffected 

by up to 4 multiple freeze-thaw cycles (Antoniucci et al. 2005).  

Although the present study did not evaluate the effect of storage time on immunological 

markers to EBV following serum sample storage, there is evidence that the antibodies 

to EBV are readily detectable and not affected by storage (Stevens et al. 2007). The 

follow-up time for PABC cases was one year, a relatively short time course for risk 

factor analysis in breast cancer etiology. 

In this study, only parity as a reproductive risk factor for breast cancer was matched for 

among the cases and controls. The definition of parity in this study was limited to the 

number of pregnancies at time of serum sample withdrawal with no information for 

subsequent pregnancies. This might have resulted in confounding given that the 

pregnancies could have correlated with abortions which might increase breast cancer 

risk (Hajian-Tilaki and Kaveh-Ahangar 2010). All women were parous and the effect of 

additional pregnancies on the risk of breast cancer risk is modest (Wohlfahrt and 

Melbye 2001). 

Confounding 

Due to its prospective nature of this study, the results less likely to be influenced by 

selection bias or reverse causality, the mixing up of cause and effect. Thus, higher 

levels of a putative risk factor in cases than in controls is more convincing evidence that 

the cause-effect relation exists between the putative risk factor and the disease of 

interest. The prospective nature of data collection also provides opportunities for cases 

and controls to be matched for known confounding factors (Crea 2001).  

Based on previous studies, we identified some potential confounders. Two strong 

confounders, age and parity were considered in the inclusion criteria. Age at first full-

term pregnancy and age at menarche, notable covariates of breast cancer risk in 

premenopausal women (Clavel-Chapelon et al. 2002, Lagiou et al. 2003), were 

available but not considered in the analysis. The mechanism by which these factors 
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affect breast cancer risk is unclear. They are thought to be surrogate measures of the 

endogenous hormone exposure. The present study found no association for 

androstenedione levels and the risk of development of breast cancer occurring during or 

soon after pregnancy (Results not shown).  

Due to the seasonal variability of vitamin D, the season of sample withdrawal was 

equally matched for among the individuals.  Furthermore, endogenous vitamin D levels 

are less prone to misclassification (biasing results towards the null) compared to 

estimates such as vitamin D intake.  

The possibility that the observed associations are due to chance or residual 

confounding cannot be ruled out. For the PABC, the time from sample withdrawal to 

breast cancer diagnosis is relatively short. Data on genetic markers of breast cancer 

susceptibility (e.g. BrCa 1 and 2), past oral contraceptive use and occupational 

exposures was not available. However, mutation in the BRCA 1/ 2 genes is rare among 

PABC cases (Johannsson et al. 1998, Siegelmann-Danieli et al. 2003). 
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10 Conclusions 

The present study was carried to increase understanding on the etiology breast cancer 

occurring during pregnancy with the following conclusions: 

1. Serum samples stored in the FMC biobank at -25 0C for up to 24 years can be used 

to study hormone and vitamin D-disease associations. It is important to 

appropriately match for season of sample withdrawal in the case of vitamin D. 

 

2. Higher levels of vitamin D were associated with increased risk of breast cancer 

occurring during or soon after pregnancy. No such association was observed for 

breast cancer in general. The positive association between vitamin D and PABC is 

consistent with observations in other fatal cancers. 

 

3. Previous EBV infection was not associated with increased risk of PABC, whereas 

serological EBV reactivation markers among individuals with more than sufficient 

levels of vitamin D were associated with significantly increased risk of PABC. 

 

4.  Higher levels of p53 autoantibody showed a modest increased risk for development 

of PABC, which was statistically significant among women with above median levels 

of vitamin D and androstenedione. 

This is the first study to provide direct epidemiological evidence on important 

biomarkers of the risk of breast cancer occurring during or soon after pregnancy. The 

mechanisms underlying the observed association are largely unclear. Further studies 

are warranted to better understand the role and potential impact of circulating 

biomarkers on the risk of breast cancer occurring during or soon after pregnancy. 
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Knowledge of the stability of serum samples stored in large
biobanks is pivotal for reliable assessment of hormone-dependent
disease risks. We studied the effects of sample storage time and
season of serum sampling on the stability of 25-hydroxy vitamin D
(25-OHD) and androstenedione in a stratified random sample of
402 women, using paired sera from the Finnish Maternity Cohort.
Serum samples selected were donated between 6 and 24 yr ago.
The storage time did not affect serum 25-OHD and androstene-
dione levels. However, there was a significant mean difference in
the 25-OHD levels of sera withdrawn during winter (first sample)
vs. during summer (second sample; –18.4 nmol/l, P≤ 0.001). Also
at the individual level, there were significant differences in average
25-OHD levels between individuals with the paired sera taken at
winter–winter compared with other alternatives (summer–winter,
winter–summer, and summer–summer). The androstenedione lev-
els showed no such differences. Long-term storage does not affect
serum 25-OHD and androstenedione levels, but sampling season
is an important determinant of 25-OHD levels. Stored serum sam-
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ples can be used to study disease associations with both hormones.
However, sampling season needs to be taken into account for 25-
OHD by considering matching and stratification and, if possible,
serial sampling.

INTRODUCTION
Vitamin D is a “steroid-like” hormone, which is produced

photochemically from 7-dehydrocholesterol on exposure of the
skin to ultraviolet (UV) light. It can also be obtained from
foods such as cod liver oil, salmon, eggs, liver, and so forth.
Pre-vitamin D exists in 2 forms, ergocalciferol (vitamin D2,
from plant sources) and cholecalciferol (vitamin D3, from an-
imal sources). Once absorbed, vitamin D3 undergoes hydrox-
ylation in the liver to form 25-hydroxyvitamin (OH) D3 (25-
OHD3, which is further hydroxylated to 1,25-dihydroxyvitamin
D3 (1,25 OH2D3) in the kidney, breast, colon, and prostate (1,2).
The traditional function of 25-OHD is to maintain skeletal in-
tegrity by regulating calcium and phosphorus homeostasis (3,4).
Epidemiological studies have associated low serum 25-OHD
levels with a wide variety of diseases such as diabetes, some
cancers, asthma, multiple sclerosis, rheumatoid arthritis, car-
diovascular diseases, and schizophrenia (5).
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Because of the wide range of genomic and nongenomic ef-
fects of 25-OHD and its metabolites, a number of studies are
being conducted exploring the 25-OHD disease associations.
Most of these studies have exploited serum samples that have
been stored in biobanks for several years, even decades. Stored
serum 25-OHD is unaffected by multiple freeze-thaw cycles (6)
and is stable when stored at –20◦C for at least 3 yr (7). The im-
pact of longer storage time has not been thoroughly considered.
However, a recent study reported that maternal sera frozen for
40 yr could be used to detect seasonal and racial differences in
25-OHD concentrations (8). The serum 25-OHD concentrations
in the 40-yr-old sera were, however, lower than those of 2-yr-old
sera.

Androstenedione is a steroid hormone produced from the
adrenals and ovaries. It is primarily synthesized from dehy-
droepiandrosterone (DHEA) and later reversibly converted to
testosterone (9). Previous studies to determine seasonal changes
in androgen levels have been equivocal (10–13).

The action of 25-OHD is androgen dependent in some organs
such as the prostrate (14,15). An experimental study revealed
that in intact animals, prostatic growth was significantly in-
hibited by 25-OHD3, but in castrated animals who have low
androgens, 25-OHD had no effect on prostatic growth (16). At
physiologic concentrations, 25-OHD3 exhibits strong antipro-
liferative activity only in the presence of dihydrotestosterone
(14).

Using paired serum samples that have been stored for periods
ranging from between 6 to 24 yr at the Finnish Maternity Co-
hort (FMC), we sought to determine the effects of storage time
and sampling season on serum 25-OHD and androstenedione
concentrations.

MATERIAL AND METHODS

FMC
The FMC contains 1.3 million first trimester serum samples

from approximately 98% of all pregnant Finnish women. The
samples have been collected since 1983. The samples are col-
lected at municipal maternity care units following an informed
consent during the first trimester of pregnancy for screening of
congenital infections. After the screening tests have been done,
the remaining sample (1–3 ml volume of serum) is stored at
–25◦C in polypropylene cryo vials at the National Institute for
Health and Welfare (formerly National Public Health Institute)
in Oulu, Finland (17). Detailed demographic and reproductive
history data are collected for each participant.

Sample Identification
The samples used for this study were randomly selected fol-

lowing the sampling applied in a previous study within the FMC
(18). In that study, 10 random first pregnancy samples were re-
trieved for every other year from 1984 to 2002 (altogether 100
samples). For this study, we selected 4 comparable first preg-

nancy samples taking into account also the sampling season: two
samples for the same season (summer) and two for the opposite
season (winter), age (+/– 4 yr), and postal code (municipality).
We defined winter as the 15th of December to the 15th of March
and summer as the 1st of May to the 31st of August. A total of
453 eligible individuals were identified from the FMC database.
Of the corresponding 453 samples, eventually 402 samples were
selected to make 201 summer samples and 201 winter samples
appropriately matched for postal code and age. The lowest num-
bers of samples were from 1988 (37), and the highest numbers
were from 1990, 1992, and 1996, with 42 samples each. From
the final list of the 402 individuals, 100 individuals who had
a second pregnancy within 5 yr of the first pregnancy were
identified. We randomly selected 40 such individuals whose
first and second pregnancies were from the same season (sum-
mer/summer and winter/winter) and 40 such individuals whose
first and second pregnancy samples were from different seasons
(summer/winter and winter/summer). Complete paired sample
sets were available for 78 individuals.

Sample Handling
The available, previously unthawed samples were aliquoted

into two 160 µl aliquots for 25-OHD and androstenedione anal-
ysis. Samples with indication of hemolysis or visual signs of
freeze drying were not eligible. One aliquot per sample was
sent to the Department of Anatomy, University of Tampere,
Tampere, Finland, for 25-OHD analysis and another aliquot to
the Clinical Chemistry Laboratory, Department of Medical Bio-
sciences, Umeå University, Umeå, Sweden, for androstenedione
analysis.

Laboratory Methods
Quantification of 25-OHD was done using an 25-OHD IDS-

radioimmunoassay from IDS Ltd (Boldon, UK. The manufac-
turer stated a specificity (% cross-reactivity) of 100% for 25-
OHD3; 75% for 25-OHD2; 100% for 24, 25-OH2D3; and less
than 0.01% or 0.3% for cholecalciferol (D3) and ergocalciferol
(D2), respectively. The mean interassay CV was 4.0% for the first
pregnancy samples and 3.4% for the second pregnancy samples
at 25-OHD mean of 26.5 nmol/l and 103 nmol/l, respectively.

Determination of serum levels of androstenedione were per-
formed at the Department of Medical Biosciences, University
of Umeå, Umeå, Sweden. The steroid levels were measured
by competitive chemiluminescent enzyme immunoassay (DPC
Immulite 2000 Androstenedione Chemiluminescent EIA, UK).
With control sera, the interassay CV was 16.9% at 2.2 ng/ml
and 6.2% at 5.4 ng/ml.

The study was approved by the ethical committee of the
National Institute for Health and Welfare, Finland.

Statistical Methods
We used SPSS (SPSS, Inc., Chicago, IL) version 14 for

all statistical analysis. Serum 25-OHD was not normally
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TABLE 1
Baseline characteristics of a stratified, random sample of women stemming from the Finnish Maternity Cohort with single

and paired pregnancy samples

1st Pregnancy Samples 1st and 2nd Pregnancy Samples

Variable Winter Summer Winter Summer

Number (N ) 163 161 38 40
Mean age (yr) 28.6 28.7 30.8 31.2
Mean storage time (yr) 14.9 14.9 13.2 12.3

distributed, and we performed a logarithmic transformation.
Serum androstenedione was normally distributed. Clustered
box plots were drawn for both and the duration of sample
storage, stratified by sampling season. Pearson’s partial
correlation coefficient (r) was used to test for correlation
between duration of sample storage and both 25-OHD and
androstenedione. Independent sample t-test was used to assess
the effect of sampling season on single hormone measurement,
whereas paired sample t-test was used to assess the effect of
the sampling season on paired hormone measurements.

RESULTS
The baseline characteristics (mean age, sample storage time)

of the women who donated one or two pregnancy serum sam-
ples in different seasons were similar. For the first pregnancy
samples, the mean and median ages at sample withdrawal were
28.7 and 29 yr, respectively (range = 22–38 yr). Mean duration
of storage was 14.9 yr, ranging from 6 yr to 24 yr. For the second
pregnancy samples, the mean and median ages were 31.0 and
30.4 yr, respectively (range = 25–40 yr). Their mean duration
of storage was 12.8 yr, ranging from 4 to 22 yr (Table 1).

FIG. 1. Serum 25-hydroxy vitamin D (25-OHD; nmol/l) in a stratified, random sample of pregnant women (n = 402) stemming from the Finnish Maternity
Cohort (1984–2002) by sampling season. The median serum 25-OHD levels are significantly higher in summer than in winter. The error bars represent the 25th
(lower) and 75th (upper) percentiles.
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FIG. 2. Serum androstenedione (ng/ml) in a stratified, random sample of pregnant women stemming from the Finnish Maternity Cohort (1984–2002) by
sampling season. The median serum androstenedione levels appear to be higher in winter than in summer. The error bars represent the 25th (lower) and 75th
(upper) percentiles.

The highest average levels of serum 25-OHD were found
in 1992 [44.8 nmol/l, 95% CI = 39.2–50.5) and 1994 (44.5
nmol/l, 95% CI = 38.8–50.2) and the lowest in 1996 (34.2
nmol/l, 95% CI = 30.4–38.0) and 2002 samples (34.7 nmol/l,
95% CI = 30.1–39.3). For the first pregnancy samples, mean
serum 25-OHD levels were significantly lower in winter than
in summer; 33.4 nmol/l (95% CI = 31.5–35.3) vs. 44.0 nmol/l
(95% CI = 41.4–46.5; P ≤ 0.001), respectively. This was true
also for the second pregnancy samples; 39.8 nmol/l (95% CI =
46.7–56.5) vs. 51.6 nmol/l (95% CI = 34.5–45.0; P ≤ 0.001),
respectively. When stratified by the sampling season, the average
annual serum 25-OHDlevels were lower in the winter than in
the summer (Figs. 1 and 2). The mean androstenedione levels
appeared to be higher in winter than in summer (mean difference
µd = 0.3 nmol/ml, 95% CI = 0.0–0.6; P value = 0.05).

Serum 25-OHD levels showed practically no correlation with
storage time for the first pregnancy samples (rs = –0.08, P

value = 0.1) or for the second pregnancy samples (rs = –0.09,
P value = 0.5). Furthermore, there was no correlation between
the storage time and serum 25-OHD levels after controlling for

sampling age in either the first (rs = –0.02, P value = 0.7)
or in the second pregnancy samples (rs = –0.08, P value =
0.51). Age adjusted androstenedione levels had no significant
correlation with storage time (rs = 0.09).

We found a highly significant mean difference in the 25-
OHD levels of the paired sera withdrawn during winter (first
sample) vs. during summer (second sample; mean difference
µd = –18.4 nmol/l; P value ≤ 0.001; Table 2). This was true
(albeit to the opposite direction) also for individuals with the
first sampling season at summer and the second sampling sea-
son at winter (µd = 9.4 nmol/l; P value < 0.1; Table 2).
Comparing the average serum 25-OHD levels for groups of
individuals with different kinds of pairs of sampling seasons
(identical or opposite seasons), we found significant differences
when winter–winter samples were compared to all other types
of sample pairs (Table 3). The highest differences were observed
when comparing the average serum 25-OHD levels for winter–
winter samples with summer–summer (µd = 16.6 nmol/l, P

value ≤ 0.001) and summer–winter samples (µd = 17.8 nmol/l;
P value ≤ 0.001). No significant differences were observed

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
A
g
b
o
r
s
a
n
g
a
y
a
,
 
C
a
l
y
p
s
e
 
B
e
s
s
e
m
]
 
A
t
:
 
0
8
:
4
9
 
1
1
 
J
a
n
u
a
r
y
 
2
0
1
0



STABILITY OF SERUM 25-HYDROXY VITAMIN D AND ANDROSTENEDIONE 55

TABLE 2
Mean differences in serum 25-OHD (nmol/l) in paired sera of pregnant Finnish women by season of sample withdrawala

Mean Differences Between
Seasons of Sample Withdrawal Number (N ) 1st and 2nd Samples 95% Confidence Interval P Value

Winter–Summer 19 −18.4 −25.05 to −11.68 ≤ 0.001
Summer–Winter 15 9.4 −2.07 to 20.85 0.10
Summer–Summer 19 −1.9 −10.81 to 7.04 0.67
Winter–Winter 21 −5.1 −10.55 to 0.36 0.07

aAbbreviation is as follows: 25-OHD, 25-hydroxy vitamin D.

when similar comparisons were made for androstenedione levels
(Table 3).

DISCUSSION
Long-term storage of serum samples in biobanks at –25◦C

had no effect on 25-OHD and androstenedione concentrations.
Sampling season, however, had an effect. The average 25-OHD
concentrations were significantly lower in single and paired
samples taken during winter than in summer. If anything, an-
drostenedione concentrations tended to show the opposite.

The results from our study confirm previous studies on vi-
tamin D stability. Ocke et al. (7) analyzed serum vitamin D
concentrations of the same individual at intervals during 4 yr
and found approximately 10% difference (increase or decrease)
in mean vitamin D concentrations at given time points. They
concluded that the differences are most likely due to system-
atic differences in laboratory measurements. Bodnar et al. (8)
compared 25-OHD concentrations in sera stored for 40 yr with
those of sera stored for 2 yr in different individuals. Even though

the mean 25-OHD concentrations in the 40-yr-old samples were
lower than those of the 6-yr-old samples, the measurements were
similar in both. Seasonal and racial differences in mean 25-OHD
concentrations were found between both cohorts, implying that
if there was any deterioration in 25-OHD detectability, it was
similar across all the samples (8).

The first pregnancy samples of our cohort had been drawn
in paired years between 1984 and 2002 (6–24 yr ago). We did
not observe any correlation between serum 25-OHD concentra-
tions and the sampling time. However, we observed a consistent
statistically significant association between 25-OHD concentra-
tions and the sampling season. Also in the paired samples of the
same individuals, mean serum 25-OHD concentrations were
always higher in summer than in winter, an observation that
has been previously well documented in single sample analyses
(8,19,20).

The highest mean serum 25-OHD concentrations were found
in 1992, mainly due to very high summer levels of that year, an
observation that also holds true for the other years with mean
serum 25-OHD concentrations above 40 nmol/l. Likewise, the

TABLE 3
Differences in average serum androstenedione (ng/ml) and 25-OHD (nmol/l) of paired pregnancy samples of Finnish women

with specific pregnancy historya

Sampling Season Summer–Summer Summer–Winter Winter–Summer Winter–Winter

25-OHD, nmol/l (mean differenceb with p-value)
Summer–Summer 1.2(0.83) −6.9(0.11) 16.6(0.001)c

Summer–Winter −8.04(0.11) 17.8(0.001)c

Winter–Summer 9.7(0.02)c

Winter–Winter
Androstenedione ng/mL (mean differenceb with p-value)

Summer–Summer
Summer–Winter −0.3(0.4)
Winter–Summer −0.2(0.5) 0.1(0.8)
Winter–Winter −0.2(0.6) −0.6(0.1) −0.5(0.2)

aAbbreviation is as follows: 25-OHD, 25-hydroxy vitamin D.
bMean differences between averages of paired serum.
cMean 25-OHD concentrations for Winter–Winter paired samples are significantly lower than other season pairs.
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lowest total mean 25-OHD concentrations were found in 1996,
the year with the lowest summer 25-OHD concentrations. The
year 1996 was the only year with average summer 25-OHD con-
centrations less than 35 nmol/l. The low summer values in 1996
are probably due to the cold weather in 1996 (below the aver-
age for the century) and the fact that July 1996 was the wettest
July in 100 yr in parts of Finland (21). Thus, the possibility of
obtaining 25-OHD from sunlight was lower compared to other
years.

The diet of Finnish pregnant women has been fortified with
25-OHD since February 2003 (22). Our study samples were
predominantly taken before this date. Differences in serum 25-
OHD levels can therefore be attributed to seasonal variation.
This implies that summer 25-OHD status, which is a reflection
of exposure to UV light from the sun is the most important deter-
minant of 25-OHD status in our Nordic cohort. This is because
at latitudes above 35◦C (such as Finland), winter sunlight can-
not stimulate cutaneous production of pre-25-OHD since most,
if not all, of the UVB photons below 315 nm are absorbed by
the ozone layer (1). Our ability to detect the low summer serum
25-OHD values in the 1996 samples also reinforces the fact that
25-OHD is stable if stored properly at –25◦C for many years,
and possible deterioration is random.

For sample pairs with identical sampling seasons, average 25-
OHD levels for the second pregnancy samples were higher than
the first pregnancy levels for both winter–winter and summer–
summer pairs. These results are consistent with previous find-
ings that pregnancy increases nutrition awareness. Szwajcer et
al. (23) carried out interviews of 1-h duration with 60 women cat-
egorized in 5 groups: nulliparous, nonpregnant women; groups
of first, second, and third trimester pregnant nulliparous women;
and second pregnancy women in the first trimester. They found
that pregnancy leads to increased nutritional awareness, which
becomes a habit during the second pregnancy. The increased
health conscience among pregnant women may lead to frequent
sunlight exposure or increased dietary intake of foods rich in
vitamin D, which could translate into higher levels of average
25-OHD for women with second pregnancies compared to the
women with first pregnancies.

The androstenedione levels were somewhat higher in win-
ter than in summer. We found this also in the maternity cohort
samples used in Holl et al. study (24) (data not shown). These
results are consistent with experimental studies (25,26). Sing
and Krishna (25) determined seasonal changes in testosterone
and androstenedione levels in adult rats and observed the high-
est androstenedione levels in winter (November–January). In an
earlier study, Smith et al. (26) studied the effect of seasonal vari-
ability on the levels of androstenedione and testosterone in male
blue foxes. They observed a steady increase in the levels of both
hormones during winter months (November–March). Contrary
to our findings, Bjørnerem et al (11) and Brambilla et al. (27)
did not observe any seasonal variation in the serum androgens
(DHEA and testosterone) in blood samples of adult males and
females. DHEA is a precursor in synthesis of androstenedione,

which in turn is reversibly converted to testosterone (8). Thus,
seasonal stability in serum levels of androstenedione should
correlate with the levels of DHEA and testosterone.

In prospective epidemiologic studies using biomarkers as
quantitative estimates of past exposures and disease risk, se-
rial samples may provide a more reliable estimate compared
to static, single sample, estimates (28). Although there is com-
pelling evidence on the difference between summer and winter
levels of 25-OHD, to the best of our knowledge, no study has
compared serial (paired) samples taken both in similar and dif-
ferent seasons. Our study shows that significant differences in
25-OHD levels due to sampling season exist also for paired sam-
ples, especially if the samples are drawn in winter compared to
other seasons. We suggest that epidemiologic studies assessing
25-OHD levels and disease risk should appropriately stratify
and match subparts by sampling season and use serial samples
wherever possible to get better insight into the vitamin D status
of cases and controls.
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11. Bjørnerem Å, Straume B, Øian P, and Berntsen GK: Seasonal variation of
estradiol, follicle stimulating hormone, and dehydroepiandrosterone sulfate
in women and men. J Clin Endocrinol Metab 91, 3789–3802, 2006.

12. Andersson AM, Carlsen E, Petersen JH, and Skakkebaek NE: Variation
in levels of serum inhibin B, testosterone, estradiol, luteinizing hormone,
follicle-stimulating hormone, and sex hormone-binding globulin in monthly
samples from healthy men during a 17-month period: possible effects of
seasons. J Clin Endocrinol Metab 88, 932–937, 2003.

13. Maes M, Mommen K, Hendrickx D, Peeters D, D’Hondt P, et al.: Compo-
nents of biological variation, including seasonality, in blood concentrations
of TSH, TT3, FT4, PRL, cortisol and testosterone in healthy volunteers.
Clin Endocrinol 46, 587–598, 1997.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
A
g
b
o
r
s
a
n
g
a
y
a
,
 
C
a
l
y
p
s
e
 
B
e
s
s
e
m
]
 
A
t
:
 
0
8
:
4
9
 
1
1
 
J
a
n
u
a
r
y
 
2
0
1
0



STABILITY OF SERUM 25-HYDROXY VITAMIN D AND ANDROSTENEDIONE 57

14. Lou Y-R and Tuohimaa P: Androgen enhances the anti-proliferative activ-
ity of 25-OHD3by suppressing 24-hydoxylase expression in LNCaP cells.
J Steroid Biochem Mol Biol 92, 307–315, 2004.

15. Zhao X-Y, Peehl, DM, Navone NM, and Feldman D: 1 alpha, 25-dihydroxy
vitamin D3 inhibits prostate cancer cell growth by androgen dependent
and androgen independent mechanisms. Endocrinology 141, 2548–2556,
2000.

16. Leman ES, Arlotti JA, Dhir R, and Getzenberg RH: 25-OHD and androgen
regulation of prostatic growth. J Cell Biochem 90, 138–147, 2003.

17. Koskela P, Anttila T, Bjørge T, Brunsvig A, Dillner J, et al.: Chlamydia
trachomatis infection as a risk factor for invasive cervical cancer. Int J
Cancer 85, 35–39, 2000.

18. Holl K, Lundin E, Kaasila M, Grankvist K, Afanasyeva Y, et al.: Effect
of long-term storage on hormone measurements in samples from pregnant
women: the experience of the Finnish Maternity Cohort. Acta Oncol 47,
406–412, 2008.

19. Nakamura K, Nashimoto M, and Yamamoto M: Summer/winter differences
in the serum 25-hydroxyvitamin D3 and parathyroid hormone levels of
Japanese women. Int J Biometeorol 44, 186–189, 2000.

20. Harris SS and Dawson-Hughes B: Seasonal changes in plasma 25-
hydroxyvitamin D concentrations of young American black and white
women. Am J Clin Nutr 67, 1232–1236, 1998.

21. Kløve B and Bengtsson L: Runoff generation in a plough-drained cutover
fen in central Finland. J Hydrology 218, 157–168, 1999.

22. Laaksi IT, Ruohola JP, Ylikomi TJ, Auvinen A, Haataja RI, et al.: 25-
OHD fortification as public health policy: significant improvement in

25-OHD status in young Finnish men. Eur J Clin Nutr 60, 1035–1038,
2006.

23. Szwajcer EM, Hiddink GJ, Maas L, Koelen MA, and van Woerkum CMJ:
Nutrition-related information-seeking behaviors of women trying to con-
ceive and pregnant women: evidence for the life course perspective. Fam
Pract 25, 99–104, 2008.

24. Holl K, Lundin E, Surcel HM, Grankvist K, Koskela P, et al.: Endogenous
steroid hormone levels in early pregnancy and risk of testicular cancer in
the offspring: a nested case-referent study. Int J Cancer 124, 2923–2928,
2009.

25. Singh UP and Krishna A: Seasonal changes in circulating testosterone and
androstenedione concentration and their correlation with the anomalous
reproductive pattern in the male Indian sheath-tailed bat, Taphozous longi-
manus. J Exp Zool 287, 54–61, 2000.

26. Smith AJ, Mondain-Monval M, Møller OM, Scholler R, and Hansson V:
Seasonal variations of LH, prolactin, androstenedione, testosterone and
testicular FSH binding in the male blue fox (Alopex lagopus). J Reprod
Fertil 74, 449–458, 1995.

27. Brambilla DJ, O’Donnell AB, Matsumoto AM, and McKinlay JB: Lack
of seasonal variation in serum sex hormone levels in middle-aged to older
men in the Boston area. J Clin Endocrinol Metab 92, 4224–4429, 2007.

28. Woltering EA, Hilton RS, Zolfoghary CM, Thomson J, Zietz S, et al.:
Validation of serum versus plasma measurements of chromogranin a levels
in patients with carcinoid tumors: lack of correlation between absolute
chromogranin a levels and symptom frequency. Pancreas 33, 250–254,
2006.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
A
g
b
o
r
s
a
n
g
a
y
a
,
 
C
a
l
y
p
s
e
 
B
e
s
s
e
m
]
 
A
t
:
 
0
8
:
4
9
 
1
1
 
J
a
n
u
a
r
y
 
2
0
1
0



E U R O P E A N J O U R N A L O F C A N C E R x x x ( 2 0 0 9 ) x x x – x x x

. sc iencedi rec t . com

ARTICLE IN PRESS
ava i lab le a t www
journal homepage: www.ejconl ine.com
Short Communication

Serum 25-hydroxyvitamin D at pregnancy and risk
of breast cancer in a prospective study
Calypse B. Agborsangaya a,b,*, Helja-Marja Surcel b, Adetunji T. Toriola a,b, Eero Pukkala c,
Seppo Parkkila d, Pentti Tuohimaa d, Annekatrin Lukanova e, Matti Lehtinen a,b

a Tampere School of Public Health, University of Tampere, Finland
b National Institute for Health and Welfare, Oulu, Finland
c Finnish Cancer Registry, Institute for Statistical and Epidemiological Cancer Research, Helsinki, Finland
d Department of Anatomy, University of Tampere and Tampere University Hospital, Finland
e Department of Cancer Epidemiology, German Cancer Research Centre, Heidelberg, Germany
A R T I C L E I N F O

Article history:

Received 17 September 2009

Received in revised form 19

November 2009

Accepted 24 November 2009

Available online xxxx

Keywords:

25-Hydroxyvitamin D

Breast cancer

Pregnancy-associated breast cancer

Nested case–control study
0959-8049/$ - see front matter � 2009 Elsevi
doi:10.1016/j.ejca.2009.11.019

* Corresponding author: Address: Tampere Sc
335518057.

E-mail address: calypse.agborsangaya@ut

Please cite this article in press as: Agborsangay
study, Eur J Cancer (2009), doi:10.1016/j.ejca.2
A B S T R A C T

Background: Several laboratory and epidemiological studies have inversely linked endoge-

nous vitamin D and the risk of breast cancer. The acquisition of vitamin D over time on

the relative risk (RR) of the disease development is not known. In a longitudinal study,

we evaluated the association between vitamin D levels at pregnancy over time with the risk

of breast cancer, and pregnancy-associated breast cancer.

Method: The risk for subsequent development of breast cancer associated with serum 25-

hydroxyvitamin (25-OHD) levels was assessed for consecutive (1st and 2nd pregnancy)

samples of 100 cases, with mean lag times (lt) of 7.4 and 4.6 years between sampling

and the diagnosis, and matched (parity, age, year, season) controls. Pregnancy-associated

breast cancer (PABC, 111 case–control pairs, lt = 1year) risk was also studied. Odds ratios

(ORs) with 95% confidence intervals (CI) were calculated using the lowest quintile as the

reference.

Results: Serum 25-OHD level was not associated with an increased risk neither at the 1st

nor at the 2nd pregnancy samples (OR = 1.4, 95%CI 0.6–3.4; OR 1.4, 95%CI 0.7–2.8, respec-

tively), but was associated with an increased risk of PABC (OR = 2.7, 95%CI 1.04–6.7).

Conclusion: Generally, vitamin D may not be related to breast cancer risk but the increased

PABC risk fits the association of vitamin D with the most aggressive cancers, and warrants

caution with vitamin D supplementation during pregnancy.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Vitamin D can inhibit breast cancer cell proliferation as well

as promote apoptosis and cell differentiation in normal and
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malignant breast tissues.1–4 In post-menopausal women,

low levels of 25-OHD are associated with an increased risk

of breast cancer.5,6 Although a similar observation has been

made in premenopausal women,7 the opposite may be true.5,8
.
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Levels of vitamin D, a pro-hormone primarily synthesised via

exposure to ultraviolet B (UVB) radiation from sunlight, are

subject to great variation over time. However, no study with

prediagnostic serial samples has evaluated the acquisition

of vitamin D and relative risk for the subsequent development

of breast cancer.

We conducted a prospective nested case–control study

within the Finnish Maternity Cohort (FMC), the world’s largest

serum bank for female donors,9 to evaluate the risk of breast

cancer associated with vitamin D (as measured by 25-OHD)

levels at the 1st and the 2nd pregnancy. We also determined

the relationship between 25-OHD levels and risk of preg-

nancy-associated breast cancer (PABC, diagnosed within one

year of delivery). Since 1983, virtually all (>98%) Finnish wo-

men (altogether 750,000 women) have donated 1st trimester

serum samples to the FMC at each pregnancy.9 Cases and

controls were ascertained by the Finnish Cancer Registry

(FCR).10 The study was approved by the local ethical

committee.

2. Materials and methods

We identified 100 cases with at least two singleton pregnan-

cies (follow-up time 6 10 years) before the diagnosis of breast

cancer, and matched them to cancer-free controls for season

of blood withdrawal [summer (May–August) or winter

(December–March)], sampling age (±1 year), sampling year

and parity (±1). Stratification by age at diagnosis as previously

defined8 did not identify post-menopausal breast cancer

cases.

In addition, all PABC cases (111 in total) were identified and

matched with controls for age (±1 year), parity (±1) and date of

index blood sampling (±15 d). The cases were matched with

the controls on a one-to-one basis.

25-OHD was measured by 25-OHD IDS-radioimmunoassay

(RIA) from IDS Ltd., Boldon, UK. Mean coefficients of varia-

tions were 2.0% at 28.0 nmol/l (intra-assay) and 2.8% at

26.7 nmol/l (inter-assay). Lab analyses were done blinded

using a single batch of the assay kits. Mean differences in

25-OHD levels were compared by the Mann–Whitney non-

parametric test. Quintile cut-off points for the analysis were

determined using 25-OHD quintiles levels of the controls.

These quintiles were then used to estimate the relative risk

(expressed as odds ratio (OR)) of breast cancer at 95% confi-

dence intervals (CI) using multivariate conditional logistic

regression. The multivariate model was adjusted for gesta-

tional day at sampling. Trend analyses were performed using

a linear-by-linear association chi-square statistics on ORs di-

rectly. Separate analyses were performed for the first and sec-

ond pregnancy levels. The risk of breast cancer was also

evaluated by comparing the lowest quintile to the other quin-

tiles combined. A two-sided p value <0.05 was considered sta-

tistically significant. All statistical analyses were performed

using SPSS 15 for windows (SPSS Inc., Chicago, IL).

3. Results

With the exception of time-lag between sampling and cancer

diagnoses, the study groups were comparable (Table 1). We
Please cite this article in press as: Agborsangaya CB et al., Serum 25-hydr
study, Eur J Cancer (2009), doi:10.1016/j.ejca.2009.11.019
also found no major differences in the 25-OHD levels between

cases and controls for the 1st or the 2nd pregnancy samples

(mean difference, lt = 0.09, p = 0.7; lt = 8.0, p = 0.1, respec-

tively). Using the lowest quintile as the reference, we found

no significant association of serum 25-OHD levels with the

relative risk of breast cancer quintile by quintile (Table 2), or

other (2nd to 5th) quintiles combined, neither for the 1st

(OR = 1.4, 95%CI 0.6–3.4) nor for the 2nd pregnancy samples

(OR = 1.4, 95%CI 0.7–2.9), Table 2). On the contrary, higher lev-

els of vitamin D (2nd to 5th quintiles combined against the

lowest quintile) were associated with an increased risk of

PABC (OR = 2.7, 95%CI 1.04–6.8). The PABC-associated risk

was two- to four-fold higher in the different quintiles of vita-

min D levels compared to the reference (Table 2). Adjustment

for gestational day had no material effect on the results.

4. Discussion

This is the first study to look at vitamin D during pregnancy in

relation to the risk of subsequent development of breast can-

cer. The breast cancer cases diagnosed among the donors of

the Finnish Maternity Cohort were premenopausal, and the

null association found in our paired (pregnancy) sample

material is in line with a recent study on premenopausal

breast cancer showing no association between serum vitamin

D levels and risk of breast cancer.5 A null association was also

observed in older women in the large case–control study

nested within the Prostate, Lung, Colorectal and Ovarian

(PLCO) cancer trial.8 Our study adds to these findings since

even the over time assessment of vitamin D acquisition did

not disclose any significant risk associated with premenopau-

sal breast cancer.

It is intriguing that higher levels of serum 25-OHD were

associated with a two- to fourfold increased risk of PABC,

the more aggressive sub-entity of breast cancer.11 This is also

the first longitudinal study to evaluate the relationship be-

tween vitamin D levels and PABC. Although the results con-

tradict experimental evidence,1–4 they are in line with

studies on the association of increased 25-OHD levels and ele-

vated risk of aggressive prostate cancer.12,13

Levels of vitamin D binding protein (VDBP) are significantly

increased during pregnancy.14 It is the carrier protein of vita-

min D in circulation, with higher affinity for 25-OHD than for

1, 25-(OH)2D,15 which probably favours increased relative

availability of the biologically more active, anti-carcinogenic

form, 1, 25-(OH)2D. Our observation might reflect an inverse

association between the free levels of the two forms of vita-

min D. On the other hand, higher 25-OHD levels within the

body may affect its metabolism, e.g. increased 24-hydroxyl-

ation,16 and lead to reduced tissue concentrations of 1, 25-

(OH)2D, with consequent low anti-proliferative activity again.

In conclusion, the findings from our study do not support

the hypothesis that prediagnostic circulating vitamin D levels

are associated with risk of premenopausal breast cancer. We,

however, observed the possibility that higher levels of vitamin

D may be associated with increased risk of breast cancer aris-

ing soon after pregnancy. Further, independent studies on

vitamin D and risk of pregnancy-associated breast cancer

are warranted. We propose that recommendations for dietary
oxyvitamin D at pregnancy and risk of breast cancer in a prospective
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Table 1 – Baseline characteristics of breast cancer cases and controls with consecutive samples and pregnancy-associated
breast cancer cases and controls of the Finnish Maternity Cohort.

1st pregnancy samples 2nd pregnancy samples PABCa

Cases Controls Cases Controls Cases Controls

Number (N) 100 100 100 100 111 111
Mean ageb 30.5 30.5 33.3 33.3 34.4 34.4
Gestational day (d) 73.4 73.5 78.7 77.1 77.9
Parity 2.0 2.1 3.1 3.4 2.0 2.3
Follow-up timeb 7.4 4.6 1
Age at diagnosis (range) 38.0 (25.1–50.0) 35.6 (24.9–43.9)

a Pregnancy-associated breast cancer (diagnosed within 1 year of sampling).

b Calculated in years.

Table 2 – Relative risks (odds ratio (OR) with 95% confidence interval, CI) of breast cancer and pregnancy-associated breast
cancer by quintiles of serum vitamin D concentrations.

25-(OH)D Cases Controls OR (95%CI) p Value ptrend

First pregnancy
Quintilesc

Q1
a 16 19 1.0

Q2 23 20 1.5 (0.5–2.0) 0.5
Q3 19 20 1.2 (0.4–3.6) 0.8
Q4 19 20 1.2 (0.4–3.7) 0.7
Q5 23 21 1.4 (0.5–4.2) 0.6 0.4
Q2–5 84 81 1.4 (0.6–3.4) 0.5

Second pregnancy
Quintilesd

Q1
a 16 21 1.0

Q2 18 21 1.0 (0.4–2.6) 1.0
Q3 26 20 1.7 (0.7–4.2) 0.2
Q4 11 20 0.7 (0.2–1.9) 0.7
Q5 29 18 2.1 (0.8–5.1) 0.1 0.5
Q2–5 84 79 1.4 (0.7–2.8) 0.4

PABCb subjects
Quintilese

Q1
a 12 22 1.0

Q2 29 23 2.9 (1.0–8.4) 0.05
Q3 21 23 2.0 (0.7–6.0) 0.2
Q4 31 21 3.7 (1.2–11.8) 0.03
Q5 18 22 1.9 (0.5–6.7) 0.3 0.4
Q2–5 99 89 2.7 (1.04–6.7) 0.04

a The lowest (reference) quintile of serum 25-hydroxy vitamin D.

b Pregnancy-associated breast cancer (follow-up time up to 1 year following pregnancy).

c Quintiles(627.5a, 27.6–37.5, 37.6–48.5, 46.6–55.5, P61.6 nmol/l).

d Quintiles (627.8, 27.9–36.9, 37.0–46.5, 46.6–55.5, P56.6 nmol/l).

e Quintiles (625.8, 25.9–34.9, 35.0–44.7, 44.8–64.0, P64.1 nmol/l).

E U R O P E A N J O U R N A L O F C A N C E R x x x ( 2 0 0 9 ) x x x – x x x 3
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supplementation of vitamin D during pregnancy are

reconsidered.
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Background: Few studies have evaluated the role of the ubiquitous Epstein–Barr virus (EBV)

infection, together with levels of the immunomodulator, vitamin D, in different breast can-

cer entities. We studied, prospectively, the association of EBV and vitamin D status with the

risk of pregnancy-associated breast cancer (PABC), breast cancer diagnosed during preg-

nancy or 1 year post-partum, using a nested case–control study.

Methods: Serum vitamin D and antibodies to EBV were measured for 108 PABC cases of the

Finnish Maternity Cohort, and 208 controls matched for date of birth, date of sampling and

parity. The joint effect of vitamin D and EBV on the risk of PABC was evaluated.

Results: EBV seropositivity was generally not associated with the risk of PABC. Among indi-

viduals with sufficient (P75 nmol/l) levels of vitamin D, we, however, found similar

increased risk estimates for PABC associated with serum immunoglobulin G (IgG) antibod-

ies to EBV early antigens [odds ratio (OR) = 7.7, 95% (confidence interval) CI 1.4–42.3] and the

viral reactivator protein, ZEBRA (OR = 7.8, 95% CI 1.1–61.2).

Conclusion: Immunological markers of EBV reactivation status among individuals with suf-

ficient vitamin D levels were consistently associated with increased risk of the disease. This

suggests that EBV reactivation may be an indicator of the progression of breast cancer

occurring soon after pregnancy, while the virus probably is not the aetiological agent.

Crown Copyright � 2010 Published by Elsevier Ltd. All rights reserved.
1. Introduction

Established risk factors of breast cancer explain only about

50% of the disease aetiology.1 This has prompted interest on
ight � 2010 Published by
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environmental agents, including viral infections in breast

carcinogenesis. Epstein–Barr virus (EBV), noted as a class 1 car-

cinogen over a decade ago by the International Agency for Re-

search on Cancer (IARC),2 has been of particular interest.3–5
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The hypothesis that EBV is involved in the aetiology of

breast cancer was originally based on evidence that mothers

with latent EBV infection shed the virus in their breast milk.6

On the other hand, lymphoepithelioma-like carcinomas such

as some gastric cancers have long been known to be positive

for EBV,7 and known breast cancer subtypes portray compara-

ble features with lymphocytic infiltration. EBV DNA has been

identified in benign breast tissue samples of both immuno-

suppressed and immunocompetent individuals8 and EBV-po-

sitive lymphoma growth has been described also in the breast

tumours.9

The detection rate of EBV in breast carcinoma cells varies.

Some studies report the absence of the EBV genome,10–12

while others report detection rates between 20% and 60%.13–

15 The disparate findings have been attributed to methodolog-

ical variation.16 Serological studies have evaluated the associ-

ation between EBV antibodies and the risk of breast cancer,

albeit also with controversial results.3–5 These findings

suggest that the role of EBV in a sub-group of breast cancer

aetiology may be either causal or that of a bystander in con-

junction with EBV reactivation.

Pregnancy-associated breast cancer (PABC) is diagnosed

most often during pregnancy or 1 year post-partum. The inci-

dence of PABC is low (1–3 in 10,000 pregnancies), but has been

increasing,17 as women elect to delay childbearing to their

third and fourth decades. PABC not infrequently has lympho-

epithelial vascular invasion,18,19 probably involving also

EBV-positive cells. We evaluated the association between

pre-existing EBV infection and the risk of PABC.

EBV reactivation takes place not infrequently during preg-

nancy.20,21 Following EBV reactivation, up-regulation of viral

oncogenes and cellular growth regulating genes, such as the

latent membrane protein (LMP1), takes place. Also, vitamin

D status modulates the immune response to and reactivation

of EBV, and interplay of the two has recently been suggested

to play a role in chronic disease (multiple sclerosis) develop-

ment,22,23 often following pregnancy. It is possible that EBV

reactivation, by vitamin D levels, is associated with risk of

breast cancer.

In a previous study, we showed that higher vitamin D lev-

els are associated with an increased risk of PABC.24 This study

further evaluates the association between serum antibodies

indicating EBV infection or reactivation and the risk of subse-

quent development of PABC in a case–control study nested

within the Finnish Maternity Cohort (FMC) involving females

with adequate or inadequate supply of vitamin D.
2. Materials and methods

2.1. Study population

The Finnish Maternity Cohort (FMC) is a serum repository of

over 1.6 million pregnant women serum samples established

in 1983 in Finland, with a national coverage among pregnant

women of approximately 98%. The samples are withdrawn at

municipal maternity care units during the first trimester of

pregnancy (gestational weeks 10–12), following an informed

consent, for screening of congenital infections. After the

screening, 1–3 mL volume of serum is stored at –25 �C in poly-
Please cite this article in press as: Agborsangaya CB et al., Association be
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propylene cryo vials at the National Institute for Health and

Welfare, Oulu, Finland.25

Cases and controls for this study were derived from a link-

age of the FMC and the Finnish Cancer Registry (FCR), the na-

tional population-based cancer register in Finland. The FCR

established in 1953 has a national coverage which is virtually

complete with no loss to follow-up.26 The record-linkage was

done at the FCR using unique personal identity codes given to

all residents in Finland.

Our study material constituted 111 incidence density sam-

pled PABC cases–control pairs that were previously used.24

Three case samples were excluded because of insufficient

sample volume. Each case was matched to 2 controls for date

of birth (±1 year), time of serum sampling (±14 days) and par-

ity (±1). Parity was defined as the number of pregnancies at

the time of sample withdrawal. A total of 208 controls were

available for analysis. Data for serum 25-OHD for all samples

were available from our previous analysis,24 and were used to

determine joint effects of vitamin D and EBV past infection.

The study was approved by the ethical committee of the

National Institute for Health and Welfare, Finland.

2.2. Laboratory analyses

Maternal immunoglobulin G (IgG) antibodies to EBV nuclear

antigen (EBNA) and early antigen (EA) were assessed by com-

mercial enzyme-linked immunosorbent assays (ELISAs)

based on recombinant proteins (Biotest AG, Frankfurt, Ger-

many). Cut-off values, defining positive or negative samples

on all plates, were calculated by following the manufacturer’s

recommendations. Samples that were EBNA negative were

also assessed for VCA IgG to evaluate past infection. In

addition, EBV Zebra IgG antibodies were evaluated by an in-

house-made peptide-based ELISA, as previously de-

scribed.27,28 Laboratory analyses were performed on coded

samples with case–control status masked.

2.3. Statistical analysis

Descriptive statistics were calculated for cases and controls.

Relative risks (RR) expressed as odds ratio (ORs) with 95% con-

fidence intervals (CI) were estimated by conditional logistic

regression for the matched case–control triplets using SPSS

15 for windows (SPSS Inc., Chicago, IL). After categorising by

sufficient levels of vitamin D (75 nmol/L of serum 25-OHD

was used as the cut-off value29), the matching criteria were

digressed. Thus, unconditional logistic regression was used

to calculate the risk estimates for the serological EBV markers

and PABC risk, adjusting for the matching criteria. A two-

sided p value <0.05 was considered statistically significant.
3. Results

Mean age at serum sampling for the PABC cases was more

than that of the pregnant women in Finland (34.4 years versus

31.5 years (Table 1)). Almost all the samples were positive for

EBNA IgG antibodies (95.4% and 96.3% for cases and controls,

respectively). Seventy-three percent and 12% of the cases

were positive for EBV EA and ZEBRA IgG antibodies,
tween Epstein–Barr virus infection and risk for development of preg-
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Table 1 – Baseline characteristics of pregnancy-associated
breast cancer cases and controls samples of the Finnish
Maternity Cohort (FMC).

Cases Controls

Number (N) 108 208
Mean agea 34.2 34.4
Gestational day (d) 77.1 77.9
Parity 2.0 2.3
Follow-up timea 1
Age at diagnosis (range) 35.6 (24.9–43.9)

a Calculated in years

Table 2 – Relative risk odds ratios (OR) with 95% confidence
intervals (CI) for pregnancy-associated breast cancer in
relation to the detection of positive immunoglobulin G (IgG)
antibodies to Epstein–Barr virus (EBV) antigens in the
Finnish Maternity Cohort.

Seropositivity Number of

Cases Controls ORs 95% CI

EBNA
No 6 8 1
Yes 102 200 0.7 0.2–2.2

EA
No 30 73 1
Yes 78 135 1.5 0.9–2.5

ZEBRA
No 94 191 1
Yes 14 17 1.4 0.7-2.8

E U R O P E A N J O U R N A L O F C A N C E R x x x ( 2 0 1 0 ) x x x – x x x 3
respectively, compared to 64% and 8.9% of the controls (Ta-

ble 2). Seventy-seven percent (76.9%) of the cases were posi-
Table 3 – Odds ratios(OR) with 95% confidence intervals (CI) for
ZEBRA IgG antibody positivity among women with sufficient an
serum samples of the Finnish Maternity Cohort.

Seropositivity

Cases

Vitamin D (<75 nmol/l)
EBNA No 6
EBNA Yes 89
EA No 28
EA Yes 68
ZEBRA No 85
ZEBRA Yes 10

Vitamin D (P75 nmol/l)
EBNA No 0
EBNA Yes 13
EA No 2
EA Yes 11
ZEBRA No 9
ZEBRA Yes 4

Vitamin D levels defined as insufficient (serum 25-OHD <75 nmol/l) and

n.a = not available.
a Adjusted for age and season of sampling.

Please cite this article in press as: Agborsangaya CB et al., Association be
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tive for serological markers of EBV reactivation (anti-EA or

anti-ZEBRA) compared to 66.8% for controls.

The concentrations of anti-EA IgG and anti-ZEBRA IgG

were significantly correlated (p < 0.04). There was no associa-

tion between the risk of PABC and EBV antibodies to the pres-

ence of EBNA, EA and ZEBRA antigens (Table 2). Individuals

positive for either anti-EA IgG or anti-ZEBRA IgG antibodies

had a somewhat increased risk of PABC with borderline statis-

tical significance (OR = 1.7, 95% CI 1.0–2.8).

Among individuals with sufficient levels of serum 25-OHD

(P75 nmol/l), we noted a significantly increased risk of PABC

associated with positivity for both serum EA IgG antibodies

(OR = 7.7, 95% CI 1.4–42.3) and ZEBRA IgG antibodies (OR =

7.8, 95% CI 1.1–61.2) (Table 3). To increase the sensitivity for

the determination of EBV reactivation, we considered positiv-

ity for either EA or ZEBRA IgG antibodies. The presence of

either EA or ZEBRA IgG antibodies was significantly associated

with the risk of PABC (OR = 12.1 95% CI 1.3–107.3). No such

observations were made among individuals with less than

the sufficient levels of vitamin D (Table 3).
4. Discussions

In general, we found no association between pre-existing EBV

infection and the risk of development for pregnancy-associ-

ated breast cancer. Positivity for immunological markers of

EBV reactivation among individuals with sufficient levels of

vitamin D was, however, associated with a significantly in-

creased risk of breast cancer occurring during or soon after

pregnancy.

Over 96% of the controls were EBV seropositive, compara-

ble to previous data from pregnant women populations in

Finland30 and the United States of America.20 The finding that

PABC cases were older at serum withdrawal compared to

other women in our cohort is consistent with the increasing
pregnancy-associated breast cancer and EBV EBNA, EA and
d less than sufficient levels of vitamin D in first trimester

Number of

Controls ORa 95% CI

8 1
176 0.9 0.2–3.5
60 1
124 0.8 0.4–1.6
169 1
15 1.5 0.5–4.9

0
24 n.a.
14 1
10 7.7 1.4 – 42.3
22 1
2 7.8 1.1 – 61.2

sufficient (serum 25-OHD P75 nmol/l).

tween Epstein–Barr virus infection and risk for development of preg-
(2010), doi:10.1016/j.ejca.2010.07.006
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incidence of PABC in women postponing childbearing to later

ages. EBV reactivation, however, is thought to be independent

of the maternal age at pregnancy.20

The null association between past EBV infection and the

risk for subsequent development of PABC in this study is

consistent with a previous study on EBV and premenopausal

breast cancer.3 In that cross-sectional study, no association

was found between positivity for EBV and the risk of breast

cancer in young women. In another study,4 the authors ob-

served that the mean anti-EBNA IgG antibody levels were sig-

nificantly higher in breast cancer cases than in controls with

benign breast disease. In a recent case–control study nested

within the Janus Serum Bank cohort,5 EBV IgG antibody lev-

els in serum samples drawn at least 4 years before breast

cancer diagnosis were not associated with the risk of the

disease.

This is the first study, to our knowledge, to evaluate the

interplay between prediagnostic EBV reactivation and vitamin

D with the risk of PABC. Only 12% of our cases and controls

had sufficient levels of vitamin D, as vitamin D insufficiency

is very common in pregnant women.31,32 Positivity for both

serum anti-EBV ZEBRA and anti-EBV EA IgG antibodies indi-

cated the occurrence of EBV reactivation, almost exclusively

in individuals with sufficient levels of vitamin D. These wo-

men, who were positive for anti-EBV EA or ZEBRA IgG anti-

bodies, had a significantly increased risk for PABC.

The active form of vitamin D, dihydroxyvitamin D3, is a

potent immunomodulator and may modulate the immune

response to EBV infection by suppressing T-cell prolifera-

tion.22,23 It is possible that higher levels of vitamin D reduce

the immune surveillance of EBV, thus promulgating viral

reactivation from EBV harbouring B cells. It is equally possible

that EBV reactivation was caused by the true cause of PABC

and just became detectable in individuals with sufficient vita-

min D status.

The discrepant results on the association between breast

cancer and EBV infection in previous studies, which are based

on EBV serological markers, are probably due to the differ-

ences in the serological markers of EBV infection used and

the heterogeneity of the breast cancer cases. Methodological

variation in detecting EBV has also been suggested to explain

the results.16 In this study, we employed four serological

markers of EBV infection and found that the expression of

EBV early antigens consistently suggested the reactivation of

EBV in a proportion of PABC cases. The longitudinal and pop-

ulation-based nature of sample collection and cancer regis-

tration minimises the possibilities that our results are due

to reverse causality bias or chance introduced because of case

misclassification. Finally, it is possible that breast cancer het-

erogeneity may have diluted the association between past

EBV infection and the risk of PABC, particularly because

sub-groups were not categorised by hormone receptor status.

The small sample size of this study, in particular, warrants

further studies.

In conclusion, we found no association between past EBV

infection and the subsequent risk of PABC. However, EBV

reactivation among individuals with sufficient vitamin D lev-

els was associated with increased risk of the disease. EBV

reactivation may be an indicator of the progression (not an
Please cite this article in press as: Agborsangaya CB et al., Association be
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aetiological agent) of breast cancer occurring during

pregnancy.
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