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AN ABSTRACT OF THE THESIS OF 

 

 

 

Fatima Mohamad Sleiman for Master of Science 

           Major: Pharmacology and Therapeutics 

 

 

 

Title: Association Of Relative Telomere Length In Peripheral Blood In Control Subjects 

With The Concentration Of Bisphenol-A In Urine And In Patients With Breast Cancer 

 

 

Background: BPA (Bisphenol-A) is an estrogen-like plastic monomer found ubiquitously in 

our environment. It can enter our body through different routes (oral, pulmonary and 

dermal) and from different sources. Very few studies were done in vitro to check the effect 

of BPA on telomere length, however no clinical studies were done to study the association 

between human exposure to Bisphenol-A and relative telomere length. Telomere length 

plays a critical role in maintaining genomic stability. Previous studies have shown an 

association between telomere length and different diseases and cancer types including 

breast cancer. However, different clinical studies on the association between telomere 

length and breast cancer risk have shown contradicting results. 

 

Aims: We aimed to study the association between urinary BPA levels and relative telomere 

length (RTL) in peripheral blood samples of a large Lebanese cohort. In addition to that, we 

wanted to explore any difference in the mean relative telomere length in the peripheral 

blood of non-breast cancer and breast cancer females. Moreover, we wanted to investigate 

the association between other variables such as age and BMI with relative telomere length 

in peripheral blood.  

 

Methods: After signing an informed consent, 501 Lebanese volunteers, of whom 319 were 

females, were recruited from Greater Beirut between February and June 2014. A fasting 

urine sample was collected in a glass container to avoid any exogenous BPA 

contamination. Peripheral whole blood was collected as well and stored along with the 

urine samples at -80 ºC. Urinary BPA levels were measured using HPLC-MS. Another 

cohort of 87 female breast cancer patients was also studied. The female breast cancer 

patients were recruited at the American University of Beirut Medical Center (AUBMC) 

between 2012 and 2013 and they signed an informed consent. Their peripheral blood was 

collected and stored at -80 ºC. Quantitative real-time polymerase chain reaction (PCR) was 

used to measure the relative telomere length as described by Cawthon’s method 2002.  

 

Results: Urinary BPA outliers were calculated using a mathematical formula and there were 

39 outliers excluded from the analysis after which the mean ± SD urinary BPA was 2.75 ± 

1.6μg/L in the whole cohort after removing outliers and the mean RTL ± SD was 1.42 ± 
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0.85. Urinary BPA levels and RTL were categorized into tertiles. Univariate analysis 

showed a statistically significant inverse association between urinary BPA levels and 

relative telomere length in females only (P= 0.043). After adjusting for urinary creatinine, 

age, BMI, and postmenopausal status this positive association remained statistically 

significant (P= 0.067). The same was done after adjusting urinary BPA levels for urinary 

creatinine and similar results were obtained. RTL in peripheral blood of breast cancer 

patients was statistically significantly shorter from that of non-breast cancer female controls 

(mean RTL ± SD:  0.41 ± 0.1 vs. mean RTL ± SD of 1.42 ± 0.76, P= 0.000).After 

adjustment, the association between relative telomere length and breast cancer risk 

remained statistically significant (P= 0.00). 
  

Conclusion: This is the first study showing the association between urinary BPA levels and 

RTL in peripheral blood of Lebanese individuals and also showing the association between 

RTL and breast cancer risk. We found that high BPA levels were associated with short 

relative telomere length in peripheral blood of the female subcohort, and at the same time 

short telomere length is associated with increased breast cancer risk. BPA may be a 

potential risk factor of breast cancer that needs further study. 
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CHAPTER I 

INTRODUCTION 

 

A. Breast cancer 

1. Definition and types 

The female breast is a tissue overlaying the pectoral muscle of the chest. It is 

composed of milk-producing glands called lobules. Milk is transported through a network 

of tubes called ducts. Breast also contains a fatty and fibrous connective tissue that supports 

it. In addition, there are blood vessels, lymphatic nodes and vessels for the nourishment and 

immunity of the breast. Cancer can affect the lobules (Lobular carcinoma) or ducts (ductal 

carcinoma) of breast (Vorherr, 1974). 

Breast carcinoma is a type of cancer that affects the epithelial cells in the glands or 

cells lining the ducts in the breast. Adenocarcinoma is a type of cancer that affects 

epithelial cells in the glands, and sarcoma is a type of cancer emanating from connective 

tissues, fat and muscles. Lobular and ductal carcinomas can either be in-situ whereby 

cancer does not spread to other tissues; however they can progress into invasive carcinoma 

whereby cancer cells spread into other tissues through the lymphatic and blood vessels. 

Most breast cancer invasive cases are invasive ductal carcinoma (8 out of 10), and to a 

lesser extent invasive lobular carcinoma (1in 10). There are other kinds of breast cancer 

that are not that common such as Paget’s disease, inflammatory breast cancer, 

angiosarcoma, and phyllodes tumor (CDC, 2014; Vanitha et al., 2014). 
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There are different breast cancer subtypes depending on the expression of different 

receptors: estrogen receptor (ER), progesterone receptor (PR) or human epidermal growth 

factor receptor 2 (Her2). Breast cancer tissues that have positive ER and PR expression 

have a better prognosis and response to hormonal treatment. On the other hand, women 

with negative ER and PR breast cancer have a 2-fold increased risk of death relative to 

positive ER and PR breast cancer (Dunnwald, Rossing, & Li, 2007).  

Breast cancer is graded according to the resemblance of a breast cancer tissue to a 

normal breast tissue, whereby grade 1 means that the tumor is well differentiated and it 

does resemble normal breast tissue, grade 2 means that cancer cells do not resemble normal 

ones and they are growing faster and grade 3 means that cancer cells look abnormal and 

they grow and spread aggressively. 

Breast cancer is classified into different stages that help in prognosis and treatment 

options. The TNM (T: tumor size, N: lymph node involvement, M: metastasis) staging 

system is the most implemented and it was described by the American Joint Committee on 

Cancer (AJCC). T reflects the tumor size and it ranges from 0 to 4 cm, the higher the T, the 

bigger the tumor. N ranges from 0 to 3 and increasing N means increasing in the number of 

lymph nodes affected by the cancer. M can be either 1 or 0, which means that the breast 

cancer has or has not metastasized respectively. After grouping T, N, and M we get 

different stages ranging from I (least advanced) till IV (most advanced) while stage 0 is a 

non-invasive breast cancer. As breast cancer becomes more advanced, the 5-year survival 

rate decreases from 100 % to 22 % in stage 0 and stage IV respectively (Howlader et al., 

2010).   
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2. Epidemiology 

a. Worldwide 

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

developing countries with around 1.7 million cases diagnosed in 2012. Around 22% of 

worldwide cancer cases are breast cancer in women (Ferlay et al., 2014). Breast cancer is 

the second cause of deaths among women cancer deaths (Vanitha et al., 2014). In 2016, it is 

expected that there will be 246,660 women diagnosed with invasive breast cancer and 

additional 61,000 new cases of in-situ breast cancer cases. There is an estimated death of 

40,450 women with breast cancer in 2016. Form 1989 till 2012, there was a decline in the 

breast cancer death rates by 36% due to early detection and advanced treatment (American 

Cancer Society, 2016). During 2004-2008, the median age of women being diagnosed with 

breast cancer was 61 years of age. Women between 20-24 years old had the lowest breast 

cancer incidence of 1.5 cases per 100,000 women, whereas the highest incidence of breast 

cancer was in women between 75-79 years old with 421.3 cases per 100,000 women 

(American Cancer Society, 2012; Howlader et al., 2010). In low-income countries, the 

breast cancer survival rate is below 40% due to poorer early detection and suboptimal 

treatment facilities (Coleman et al., 2008). 

b. In Lebanon 

Among all cancers affecting females, 38.2% were breast cancer in 2004 with a 

median age at diagnosis of 52.5 years. According to the National Cancer Registry in 2003 

in Lebanon, 76 new cases per 100,000 women are emerging annually. In 2008, there were 
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95.7 new cases per 100,000 women and these numbers are expected to continue on rising 

(Shamseddine et al., 2014). In the cancer country profile for Lebanon compiled by World 

Health Organization in 2014 (WHO, 2014), most cancer deaths among women were due to 

breast cancer with a percentage of 26.2%. The highest number of cancer incidences in 

Lebanon among women is for breast cancer with 1,934 new cases in 2014. 

 

3. Detection 

Though the guidelines have recently changed, according to the previous American 

Cancer Society Guidelines for the Early Detection of Breast Cancer in average-risk, 

asymptomatic women between 20-39 years of age are recommended to have breast self-

examination or clinical breast examination every 3 years. Moreover, women who are 40 

years of age and older should undergo annual clinical breast examination and annual 

mammogram. The doctor can tell if there are any changes in the breast in regards to shape 

and texture, and observes any abnormal color or redness of skin breast. This can also be 

done by the woman herself on a regular basis (DeSantis et al., 2011) 

Mammogram is an x-ray procedure for early breast cancer detection. Although 

early detection by mammogram can lead to less aggressive surgeries and treatment, it has 

some limitations such as the occurrence of false negative and false positive results. In 

addition to that, some women are worried about the radiation they get exposed to during 

screening. Yet, mammography is the most effective tool for early breast cancer detection. 

Another option is the magnetic resonance imaging (MRI) that is a costly technique for 
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screening, though it gives detailed images of the breast using magnetic field. MRI goes 

along with mammography but does not replace it (DeSantis et al., 2011).  

 

4. Risk factors 

Many factors dispose women tothe risk of getting breast cancer. Age is the most 

important risk factor after being a female. Most of these factors are related to hormones: 

prolonged endogenous estrogen exposure due to early menarche<12 years of age, late 

menopause>55 years of age, or giving first birth at late age(Kelsey et al., 2001). Moreover, 

exogenous estrogen intake such as hormonal replacement therapy andoral contraceptives 

use increases the risk of getting breast cancer(Collaborative Group on Hormonal Factors in 

Breast Cancer, 1996). Breast feeding for at least one year is recognized as a protective 

factor,whereas short breastfeeding duration is a risk factor for breast cancer(American 

Cancer Society, 2016).It was shown that African women who didnot breastfeed had higher 

incidences of ER
-
/PR

-
 breast cancer (Palmer et al., 2011). 

Lifestyle is one of the most important modifiable risk factor. For instance, in low 

and middle income countries, 18% of breast cancer cases are due to lifestyle patterns 

(Danaei et al. ). Obesity or being overweight after age of 18were associated with higher risk 

of post-menopausal breast cancer(American Cancer Society, 2016; Lacey et al., 2009), yet 

not many articles have shown a significant relationship between diet and breast cancer risk. 

Nevertheless, one article showed that high fat intake during adolescence increases the risk 

for pre-menopausal breast cancer (Linos et al., 2010). In addition, heavy smoking is a risk 
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for breast cancer (American Cancer Society, 2016). Similarly for alcohol intake, whereby 

two drinks of alcohol a day were shown to increase the risk for breast cancer by 21%; this 

could be because alcohol can increase estrogen levels (Singletary & Gapstur, 2001). 

Among the non-modifiable risk factors is race whereby in the USA, black women 

were shown to have more aggressive breast cancer cases and triple negative breast tumors 

compared to white women (Dunn et al., 2010). White non-Hispanic women were found to 

have higher breast cancer incidences for most ages compared to African American women 

(DeSantis et al., 2011).  Additional non-modifiable risk factors include genetic mutations in 

BRCA1 and BRCA2 responsible for production of proteins that halt breast cell abnormal 

growth. BRCA1 mutation may lead to a 44-78 % risk of getting breast cancer by age of 70, 

while a mutation in BRCA2 causes a 31-56 % risk of getting breast cancer (Antoniou et al., 

2003). Other genes can predispose women to breast cancer if mutated such as Tp53, 

CHEK2, PTEN, CDH1, and STK11 (Vanitha et al., 2014). Moreover, having a first degree 

family history of breast cancer doubles the risk of breast cancer (Lacey et al., 2009). 

Most contributing risk factors in Lebanon are obesity and lack of physical activity 

with percentages of 35.7 and 34.2% respectively. Current tobacco use also poses an 

important risk factor among women with a percentage of 21.9 % and only 0.8% for alcohol 

consumption (WHO, 2014). Moreover in the Lebanese society, there is high intake of 

hormonal replacement that may pose an additional breast cancer risk (Lakkis et al., 2010). 
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5. Environmental toxins 

Estrogen itself is a risk factor of breast cancer, and many studies have shown its 

carcinogenic effect in in-vitro studies. MCF-10F, human breast epithelial cells, that are 

ERα-negative and ERβ-positive, were treated with different concentrations of 17 β-

estradiol, after which they lost their ability to form normal ductules. In addition to that, they 

formed a solid mass of cells, they became invasive, and when injected into an animal model 

they turned into a poorly differentiated adenocarcinomas (Fernandez & Russo, 2010). In 

another study, high levels of estrogen were associated with increased breast cancer risk in 

postmenopausal women, especially those with high BMI since adipose tissues contain 

aromatase enzyme that converts androgen into estrogen (Endogenous Hormones and Breast 

Cancer Collaborative Group, 2011). 

Many articles found an effect of some chemical compounds that are similar to 

estrogen, on the progression or initiation of breast cancer. These chemicals are known as 

disruptive endocrine chemicals (DEC) such as: diethylstilbestrol (DES), organ chlorine 

pesticides (OCP), polychlorinated biphenyls (PCB). 

DES was used for several years as an oral contraceptive until it was banned from 

the market because of its association with vaginal and cervical cancer cases in women who 

were exposed to DES in their utero life. It was shown that women who took DES during 

their pregnancies had a higher relative risk of breast cancer (Greenberg et al., 1984) 

Some organochlorine compounds that are used as pesticides have estrogen-like 

activity. Dichlorodiphenyltrichloroethane (DDT), a known pesticide, was banned due to its 
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strong association with breast cancer risk. In a large cohort, DDT levels were directly 

correlated with breast cancer risk in a dose dependent manner, and the breast cancer risk 

was significantly stronger in women who were exposed to DDT before age of 15 when 

compared to women exposed after age of 15 due to the pre-pubertal and pubertal 

development of mammary glands that take place in childhood and adolescence (Cohn et al., 

2002). These results shed light on the importance of time of exposure; in fact, other case-

control studies on DDT failed to show this correlation between DDT and breast cancer risk 

because DDT levels were measured at the time of diagnosis of breast cancer (Maffini et al., 

2006). DDT also showed a shift in estradiol metabolism towards an increased production of 

16a-OHE, an estrogen agonist, and decreased transformation of estradiol into OHE1, which 

is an anti-estrogen. The increase in 16a-OHE/OHE1 ratio was associated with an increase 

in proliferation and unscheduled DNA synthesis in MCF-7 cells (Bradlow et al. 1995). 

Other organochloride compounds, including coumestrol (COU), p-tert-octylphenol (OCT) 

and o,p’-DDT (dichlorodiphenyltrichloroethane), were studied on MCF-7 cell lines. It was 

shown that these estrogen-like compounds stimulate MCF-7 cells proliferation rate and 

reduce their apoptotic rate. Moreover, COU and DDT increased the expression of mRNA 

of progesterone receptor in these cells (Diel et al., 2002). 

Polychlorinated biphenyls (PCB) are carcinogenic compounds that were used 

extensively in the industrial field and they were banned from different countries. Women 

with breast cancer had high levels of PCBs detected in their mammary adipose tissues 

(Falck et al., 1992). 
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Note that many of the environmental toxigens may be activated or deactivated by 

drug metabolizing enzymes (DMEs), yet in a study done on Lebanese individuals, no 

association was found between different genetic polymorphisms of DMEs CYP2E1, GST, 

and NAT2 and breast cancer risk (Zgheib et al., 2013). 

 

6. Biomarkers 

Different attempts were made in order to discover new breast cancer biomarkers 

that help in the early diagnosis, and direct the healthcare team in breast cancer treatment. 

Estrogen receptor has been the most important biomarker since it can be targeted by 

endocrine therapy (Weigel & Dowsett, 2010). The progesterone receptor, in most cases, is 

expressed along with the estrogen receptor. Less than one percent of all breast cancers have 

a positive progesterone receptor along with negative estrogen receptor statuses. It was 

shown that progesterone receptor expression along with estrogen receptor result in better 

therapeutic outcomes when breast cancer is treated with an anti-estrogen (Elledge et al., 

2000). Her2 is also an important biomarker of breast cancer. Breast cancer patients with 

overexpressed Her2 have shorter overall survival and are more likely to get a relapse after 

treatment (Weigel & Dowsett, 2010). 

Other biomarkers are currently under study; these include: ERβ, Ki67 and cyclin 

D1. ERβ mediates different, sometimes opposite, effects from ERα and it was shown to be 

down-regulated in breast cancer tissues compared to normal breast tissues (Roger et al., 

2001). Ki67 is a nuclear non-histone protein that is expressed by highly proliferating cells, 
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and it was shown that positive Ki67 levels are associated with shorter overall survival in 

breast cancer patients (Stuart-Harris et al., 2008). Cyclin D1 acts as a positive regulator of 

the cell cycle and was found to be overexpressed in more than 50% of breast cancer cases 

at the transcriptional and translational levels. It was shown that cyclin D1 overexpression is 

a negative predictor of anti-estrogen outcome in postmenopausal breast cancer patients 

(Stendahl et al., 2004). Further search for breast cancer biomarkers is needed for better 

screening, diagnosis and prognosis. 

 

B. Telomere 

1. Structure  

Telomere is composed of repetitive sequences of six nucleotides (TTAGGG) that 

are found at the ends of linear eukaryotic chromosomes with a size ranging between 5 to 15 

kbp in human cells (Samassekou et al., 2010). Telomere is double stranded and has a long 

3’ end that is rich in guanosine facing a 5’ end that is rich in cytosine that always ends with 

ATC sequence. The 3’ G-strand overhangs and invades the adjacent double strand telomere 

repeats to form a t-loop in humans, and then it forms base pairs with the facing 5’ C strand 

forming another loop known as the d-loop, or the displacement loop. Telomeres are 

bounded to telomere-binding proteins also known as human shelterin. Human shelterin is 

composed of six proteins, three of which are highly specific: telomere repeat binding 

factors 1 and 2 (TRF1) and(TRF2) that bind to the double stranded telomeric part, and the 

protection of telomeres 1 (POT1) that binds to the d-loop and the t-loop. The three other 
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proteins are repressor/activator protein 1 (RAP1), TRF1-interacting nuclear protein 

2(TIN2) and TIN2-interacting protein 1 (TPP1) (Palm & de Lange, 2008) (Figure 1). 

 

Figure 1. Telomere structure 

Telomere structure capping the ends of linear eukaryotic chromosomes along with human 

shelterin. Human shelterin is composed of TRF1, TRF2, POT1, RAP1, TIN2, and TPP1. 

Source: Boutou et al., 2013. 

 

 

2. Telomerase structure and functions 

Telomerase is the enzyme that compensates for telomere loss, and it is detected in 

90% of human cancer types (Kim, 1994). It is a ribonucleoprotein composed of a catalytic 

telomerase protein which is the human telomere reverse transcriptase (hTERT), and the 

functional template which is the telomerase RNA (TR) of sequence 5' -CUAACCCUAAC-

3' complementary to the telomeric repeat (Feng, 1995; Lingner et al., 1997). Telomerase 

activity is repressed after birth in human somatic cells. Somatic cells were shown to express 

hTR in certain levels but they have very low levels of hTERT. Telomerase activity is 
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maintained in highly proliferating cells such as keratinocytes and activated lymphocytes 

(Masutomi et al., 2003; Harley et al., 1990b), germ cells, some stem cells such as 

hematopoietic progenitor cells or embryonic stem cells (Hiyama & Hiyama, 2007) and 

other cancer cells (Kim, 1994). Telomerase adds telomere repeats during S or G2/M phase, 

and it preferentially acts on the shortest telomere subset (Teixeira, Arneric, Sperisen, & 

Lingner, 2004; Marcand, Brevet, Mann, & Gilson, 2000). Telomerase was found to 

increase the telomere subset of 100 nucleotides by 42-46%, while 300 nucleotide length 

telomere is accompanied by only 6-8% increase in telomere length(Teixeira et al., 2004). 

Nevertheless, Zhao et al. 2009 showed that telomerase in human cancer cells acts on 

elongating telomere subsets at most of the chromosomes, without having preference for 

shortest telomeres (Zhao et al., 2009). Telomerase has also been reported to have other 

functions such as nuclease and transferase activities inside eukaryotic cells, and although 

telomerase is not active in somatic cells, it was found that hTERT protein can be expressed 

in the nucleus, cytoplasm and mitochondria and it plays an important role in protecting 

cells during oxidative stress (Rubtsova et al., 2012). 

 

3. Function 

Long telomeres along with shelterin are important for the genetic material stability 

as they are involved in solving two problems: the chromosome end-protection problem and 

the chromosome end-replication problem. They play a role in the t-loop formation which is 

very important in protecting the telomere end andthe chromosome ends from DNA repair 

machinery, hence avoiding chromosome end fusion through non-homologous end joining 
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and homology directed repair (Palm & de Lange, 2008). The t-loop limits the access of 

telomerase into the telomeric end, and thus telomerase access can only be achieved during 

replication process when t-loop unfolds (Griffith, 1999). Moreover, telomeres along with 

shelterin avoid the loss of coding nucleotides during each DNA replication. For instance, 

during each eukaryotic DNA replication, the 5’ end of the lagging DNA strand cannot be 

fully replicated and this is known by the end replication problem, due to the fact that DNA 

replication only takes place from 5’ to 3’ direction, and DNA polymerases require an RNA 

primer (Blackburn, 1991). This results in the loss of 50-200 bp from the telomere during 

each cell division (Mu & Wei, 2002). So with each cell division, telomere length in human 

somatic cells shortens till it reaches a critical level. Having one or more critically short 

telomeres, which is the Hayflick limit, causes the cell to become senescent as it enters the 

mortality stage 1. At this stage, the cell must not undergo any further division, and if it 

were able to overcome the cell cycle checkpoints such as p53, it would advance into the 

mortality stage 2 or cell crisis stage. At this stage, some cells are able to up-regulate the 

expression of hTERT, hence the telomere length can be maintained and the cells become 

immortalized and highly proliferative with an increase in genomic instabilities (Cong et al., 

2002; Shay & Wright, 2011) (Figure 2). 
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Figure 2. Telomerase and telomere length in different cell 

Telomere length as a function of cell division in embryonic and pluripotent stem cells, 

other stem cells, normal cells, and cancer cells. When telomere length reaches 5 kbp, the 

cell enters senescence, whereby checkpoints are activated to avoid further cell division. 

With further cell division, the cells enters crisis with a telomere length of 2 kbp and 

eventually it will become a cancerous cells with activated telomerase activity to stabilize 

telomere length. Source: Gomez et al., 2013 

 

4. Age, gender and cell type 

An inverse relationship was found between age and telomere length in many 

articles. This is to be expected since with increasing age, more cell divisions take place 

leading to a shortening in the telomere length. In vitro studies showed that telomere length 

in human fibroblasts shortens with each passaging (Harley et al., 1990a), and another study 

including 137 individuals ranging from 0 to 104 years showed a reduction in their telomere 

5 kbp 

2 kbp 

15 kbp 
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length with increasing age to a certain degree depending on the organ studied. In addition, 

cells with rapid turnover were found to have shorter telomeres than static cells of cerebral 

cortex and myocardium that did not change with age due to the presence of telomere 

maintenance machinery (Takubo et al., 2002). In human stem cells, a negative correlation 

was found between age and telomere length despite the presence of telomerase activity in 

these cells (Vaziri et al., 1994), however, in germ cell lines, it was found that telomere 

length is positively correlated with age, whereby older men had longer telomeres than 

younger men in their spermatozoa (Kimura et al., 2008). Gender differences did not seem 

to affect telomere length at birth, yet it was found that in adulthood, men tend to have 

shorter telomere length than females. This can be explained by the probability that females 

use the alternative lengthening of telomere pathway (ALT) more than men, and probably 

sex hormones play a role in it, though it is not yet fully understood (Muller et al., 2009). 

ALT is a telomerase independent pathway used by some cancer cells such as renal cell 

carcinoma and some types of breast carcinoma, and also other telomerase positive and 

negative cells. Cells that use ALT have a heterogeneous telomere length, which can be 

extremely short or long. In addition, ALT acts through the presence of extrachromosomal 

telomere repeats (ECTRs), ALT-associated PML (promyelocytic leukemia) bodies 

(APBs), and homologous recombination of telomere repeats (Reddel, 2003).  

 

5. Lifestyle 

Research has shown that telomere may be affected by lifestyle factors such as: 

smoking, alcohol consumption, diet, obesity, stress and exercise. Smoking was shown to 
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shorten telomere in a dose-dependent manner (Morla et al., 2006). Smoking produces many 

reactive oxygen species that generate an oxidative stress on telomeres affecting their length 

and eventually accelerate aging (Babizhayev et al., 2011). Alcohol was shown to be 

associated with shorter telomeres in peripheral blood leukocytes, and it was shown that 

telomere shortening increases with increasing alcohol consumption (Pavanello et al., 2011). 

Similarly, post-menopausal women who drank more alcohol had shorter telomere length 

(Song et al., 2013). Moreover, in a large cohort including 4576 individuals, no correlation 

was found between alcohol consumption and telomere length in peripheral leukocytes 

(Weischer et al., 2014). Eating food rich in antioxidants such as: legumes, whole grains, 

fish, and vegetables was shown to be associated with longer RTL (Lee, et al., 2015; 

Cassidy et al., 2010). Obesity was also shown to affect telomere length, whereby obese 

women were found to have significantly shorter telomere length when compared to non-

obese women (Valdes et al., ). This can also be attributed to the increased reactive oxygen 

species production in obese people (Furukawa et al., 2004). Stress is also a cause of 

telomere shortening, whereby women caring for a chronically ill child, which is considered 

a source of major stress, had shorter telomeres and less telomerase activity in their 

peripheral mononuclear blood cells compared to women caring for a healthy child. This 

shortening of telomere length was equivalent to additional 10 years increase in age in 

women under stress (Epel et al., 2004). In contrast, exercise was shown to reduce telomere 

shortening probably due to a decrease in oxidative stress. As a matter of fact, telomere 

measured from blood leukocytes of athletes demonstrated increased telomerase activity, 

and less shortening in telomere length compared to that of controls with no regular physical 

activity (Werner et al., 2009). 
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6. Estrogen, and estrogen-like chemicals 

In human endometrium, it was shown that the telomerase activity was highest 

during proliferative phase of menstrual cycle, whereby estrogen levels are high. Thus 

through activating the telomerase, telomere length is protected in the glandular epithelial 

cells of the endometrium that undergoes proliferation regularly, and after menopause, the 

decrease in estrogen levels cause attenuated telomerase activity in these cells, and hence 

protecting against tumorigenesis in the endometrium (Bayne et al., 2007). 

Other estrogen-like chemicals were associated with telomere length reduction. For 

instance, it was shown that Noble rats exposed to diethylstilbestrol (DES) exhibited 

different changes in their mammary glands, whereby cell cycle of epithelial cells was 

altered along with increased proliferation and reduction in telomere length. MCF-7 cells 

treated with BPA and DES showed an increase in telomeric associations that reflects fusion 

of chromosomes at their ends, hence loss of telomeres and increased genomic instabilities 

(Roy et al., 1997). 

 

7. Diseases associated with telomere  

Telomere length alterations were shown to predispose individuals to many 

diseases such as: genetic, osteoporosis, cardiovascular diseases, and increased risk of 

cancers (Shammas, 2011) as shown in Table 1. One of the most important genetic diseases 

affecting telomere length is Dyskeratosis congenita. This is a telomere disorder 

characterized by skin hyperpigmentation, nails dystrophy and oral leukoplakia. Studies 
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showed that this disease is due to genetic mutations in the hTR gene or the genes coding for 

the telomerase RNA-associated protein that lead to defects in the telomerase activity and 

accelerated reduction in telomere length (De La Fuente & Dokal, 2007). 

Shorter telomere length in peripheral leukocytes was associated with a decrease in 

bone density and osteoporosis in women (Valdes et al., 2007). In addition to that, 

peripheral leukocytes telomere length was negatively associated with the severity of CHF 

and atherosclerotic disease progression (van der Harst et al., 2007). In another study of 

coronary heart disease, patients with short telomere length in their peripheral white blood 

cells had a 3-fold increase in risk of premature myocardial infarction (Brouilette et al., 

2003). Both CHF and atherosclerosis increase oxidative stress and inflammation that affect 

telomere length negatively. Similar to that, diabetic patients were found to have shorter 

peripheral lymphocyte telomere length when compared to healthy patients, and were 

associated with worse vascular wall conditions and higher HbA1c levels (Dudinskaya et al., 

2015). In another study, telomere length measured in monocytes was shown to be 

associated with type 2 diabetes mellitus and with increased oxidative DNA damage in 

peripheral blood mononuclear cells (Sampson et al., 2006). 

Different types of cancer had shown alterations in their telomere length. For 

example, an increased bladder cancer risk was associated with short telomere length in 

blood of men and women (McGrath et al., 2007). Patients with cancers in head and neck, 

lung, and renal cell carcinoma, had shorter telomeres compared to controls. Moreover, the 

risk of these cancers increased with further shortening of the telomere length (Wu et al., 

2003). In colorectal cancer cell lines, cells with longer RTL exhibited higher sensitivity to 
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anti-EGFR therapy drug (cetuximab) than those with shorter RTL. Moreover, invasive 

colorectal cancer in patients showing high RTL was associated with better progression-free 

survival (Augustine et al., 2015).  
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Table 1. List of diseases associated with alterations in telomere length 

 

 

 

 

 

 

 

 

 

 

 

CHF: chronic heart failure, MI: myocardial infarction, T2DM: type 2 Diabetes Mellitus  

 

Disease Outcome  Reference 

Genetic  Dyskeratosis congenita Shortening due to defects in telomerase enzyme De La Fuente et al. 2007 

Skeletal   Osteoporosis Shortening Valdes et al. 2007 

Cardio-

vascular 

Chronic heart failure Shortening with severity of CHF Van der Harst et al. 2007 

Premature myocardial 

infarction  

Shortening with premature MI. Brouilette et al. 2003  

Metabolic  Diabetes Mellitus type 2 Shortening in T2DM and macro-vascular 

complications  

Dudinskaya et al. 2015 

Diabetes Mellitus type 2 Shortening Sampson et al. 2006 

Cancer Bladder cancer Shortening McGrath et al. 2007 

Colorectal cancer Longer telomere length associated with better 

progression free-survival 

Augustine et al. 2015 

Lung, head and neck, 

bladder cancer, renal 

cell carcinoma 

Shortening with increased risk of lung, head and 

neck, bladder cancer and renal cell carcinoma  

Wu et al. 2003 
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8. Telomere and breast cancer 

Few studies were done to identify the relationship between telomere length and 

breast cancer risk, and the findings were contradictory as shown in Table 2. Some papers 

found that cells with critically short telomere length may escape cell apoptosis and develop 

cancer with the help of high telomerase activity, that is responsible for stabilizing the short 

telomere length (Shen et al., 2009; Radpour et al., 2010; Duggan et al., 2014; Raynaud et 

al., 2010; Odagiri et al., 1994), while others showed that long telomere length was 

associated with breast cancer risk and decreased survival. Long telomeres may also 

contribute to increased ability of cancer cells to proliferate, and hence increased genomic 

instability (Gramatges et al., 2010; Svenson et al., 2008), yet other studies failed to show 

any association between telomere length and breast cancer (Barczak et al., 2016a; Zheng et 

al., 2010; De, I et al., 2009). 

Duggan et al. showed that the shortening of telomere length in peripheral blood 

leukocytes in breast cancer female patients within 30 months from diagnosis was associated 

with worse disease outcome and increase in breast cancer-specific and all-cause mortality 

(Duggan et al., 2014).Another study showed that premenopausal women having short 

telomere length were associated with increased breast cancer risk when compared to 

women carrying longer telomeres in their peripheral blood (Shen et al., 2009). In a study on 

normal, pre-neoplastic and neoplastic breast tissues, telomere length was found to be 

shorter in pre-neoplastic tissues compared to normal ones. Invasive breast carcinoma 

tissues showed two sets of results: one set of tissues had very short telomere length while 

the other set had a long telomere length. Moreover, ATM (ataxia telangiectasia mutated) 



22 
 

that is a protein kinase with an important role in DNA damage repair machinery, was found 

to be activated in 70% of these pre-neoplastic lesions and only 14% of invasive breast 

carcinomas (Raynaud et al., 2010). Consistent results were shown in another study whereby 

telomere length was shorter in breast cancer tissues compared to adjacent normal breast 

tissues, tissues with advanced stages and higher tumor grade were significantly associated 

with even further shortening in the telomere length (Radpour et al., 2010). Similar results 

were reported by Odagiri et al., however, the study did not find any association between 

telomere length and breast carcinoma tumor size, TNM stage, or estrogen and progesterone 

statuses (Odagiri et al., 1994).  

Other articles showed longer telomere length to be associated with increased 

breast cancer risk. For example, breast cancer patients with or without breast cancer family 

history or BRCA mutation had longer telomere length in their peripheral blood compared to 

controls. Moreover, higher telomere length was associated with controls having breast 

cancer family history compared to those with no breast cancer family history (Gramatges et 

al., 2010). Svenson et al. 2008 showed similar results, whereby long RTL was associated 

with increased breast cancer risk in women after adjustment for age. Along that, shorter 

telomere length in blood of breast cancer nodal positive patients had better survival rate 

from those with longer telomere length (Svenson et al., 2008). 

Other studies found no difference in the mean telomere length between breast 

cancer patients and controls; however, it was shown that short telomere length in peripheral 

leukocytes was associated with advanced stages of breast cancer (Barczak et al., 2016b). 

Similarly, Zheng et al. and De vivo et al. showed no association between telomere length 
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and breast cancer risk (Zheng et al., 2010). However, De vivo et al. showed that shorter 

RTL was significantly associated with older age and high estrone and estradiol plasma 

levels, but not with other factors such as BMI, smoking status, and ER/PR status (De vivo 

et al. 2009). 

 

Table 2. List of association studies between telomere length and breast cancer 

Outcome Tissue or blood Method Reference 

Short telomere 

length associated 

with breast 

cancer risk 

Blood Q-PCR Duggan et al. 2014 

Blood Q-PCR Shen et al. 2009 

Tissue FISH Raynaud et al. 2010 

Tissue Q-PCR Radpour et al. 2010 

Tissue Southern 

blot 

Odagiri et al. 1994 

Long telomere 

length associated 

with breast 

cancer risk 

Blood Q-PCR Gramatges et al. 2008 

Blood Q-PCR Svenson et al. 2008 

No association 

between breast 

cancer risk and 

telomere length 

Blood Q-PCR Barczack et al. 2016 

Blood FISH Zheng et al. 2010 

Blood Q-PCR De vivo et al. 2009 

Q-PCR: quantitative polymerase chain reaction, FISH: Fluorescence in-situ hybridization 

 

9. Telomerase and cancer 

Telomerase activity has been detected in 85-95% of common cancers such as lung, 

liver, breast cancer, prostate and colon cancers (Shay, 1997). For instance, telomerase 

activity was detected in 92% of lung adenocarcinoma, 84 % of hepatocellular carcinoma, 
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and 75.49% of breast cancer tissues, and these were higher than values in normal adjacent 

tissues. Moreover, high telomerase activity was significantly associated with poorly 

differentiated lung adenocarcinomas and hepatocellular carcinoma (Fujiwara et al., 2000; 

Tahara et al., 1995).  

As for breast cancer cell lines, MDA-MB-231 cells, an invasive ERα negative 

human breast cancer epithelial cell line, showed high specific telomerase activity along 

with short telomere length, in contrast to MCF-7 cells, non-invasive ERα positive human 

breast cancer epithelial cell line, that showed low specific telomerase activity along with 

long telomere length. Moreover, it was shown that high specific telomerase activity did not 

depend on the hTERT expression levels, but rather on the location of hTERT. When 

hTERT was found uniformly in the nucleus, high specific telomerase activity was seen 

compared to lower telomerase activity when hTERT was located in the nucleoli (Ceja-

Rangel et al., 2016). In breast cancer tissues, higher telomerase activity was seen with 

bigger size tumors, greater histologic grade, Her2/neu positive status, and Ki-67 expression 

which implies that high telomerase activity is associated with advanced and more 

aggressive breast cancer types. This was also associated with a lower 10 years breast 

cancer-free and overall survival (Kuli-ç et al., 2016). Other cancer cells that are telomerase 

negative such as osteosarcoma, renal cell carcinoma, some breast carcinomas, and ovarian 

carcinoma were found to have their telomere length maintained through the alternative 

lengthening of telomeres (ALT) pathway (Reddel, 2003). 
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C. BPA (Bisphenol A) 

1. Sources 

Bisphenol A, also known as 4, 4'-(propane-2,2-diyl)diphenol, is a widely used 

chemical for the production of polycarbonate plastics and epoxy resins. Polycarbonate 

plastics have been used extensively since the 1950s in the production of reusable water 

bottles, baby bottles and food storage containers that can be microwaved and 

refrigerated(Kawamura et al., 1998; Brede et al., 2003). Epoxy resins are used to coat the 

inner surfaces of metal cans for preserving food and beverages from bacterial 

contamination and avoiding metal erosion(Kang et al., 2006), and also for coating drinking 

water tanks(Bae et al., 2002). In addition, BPA is added to other plastic types such as 

polyvinyl chloride that forms water pipes, and polyethylene terephthalate which is used in 

the production of soda and water bottles (Welshons et al., 2006). 

Different articles have shown that BPA leaches from plastics upon application of 

heat, contact with acidic or basic solutions, or frequent brushing and washing of baby 

feeding bottles and other reusable bottles with hot water or alkaline solutions such as 

bleach. Also it leaches from different canned food products and microwavable plastics 

(Table 3). In these cases, the ester linkage between BPA molecules hydrolyzes releasing 

detectable levels of BPA that eventually are ingested (Figure 3.) (Kang et al., 2003; Takao 

et al., 1999). BPA is also solidified by polymerization and used as such in dental fillings 

that can hence leach BPA. BPA can also be detected in saliva (Sasaki et al., 2005; Zafra et 

al., 2002). 
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Figure 3. Hydrolysis of ester linkage Bisphenol-A compounds in polycarbonates. 

 

Source: Welshons et al. 2006 

 

 

Table 3. Different BPA levels from different products 

Sample BPA level MOD LOD Reference 

Plastic baby bottles 

put in boiling water 

for 30s 

1.2 ng/ml LC/ED 0.2ng/ml D’Antuono et al. 

2001 

Plastic container for 

microwave 

30 ug/g at RT 

13.1 mg/g at 40ºC 

HPLC/FD 0.04ug/g Nerin et al. 2003 

Canned fish 106 ng/g GC/MS 1 ng/g Coa et al. 2011 

Beverages 18 ng/g LC/MS 0.5ng/ml Horie et al. 1999 

Canned pineapples 1.2 ng/g GC/MS 0.38 ng/g Cao et al. 2011 

Canned Tomato sauce 2.59 ng/g GC/MS 0.38 ng/g Cao et al. 2011 

MOD: Method of Detection, LOD: Limit of Detection, LC: Liquid Chromatography,ED: 

Electro-chemical Detector, HPLC: High-Performance Liquid Chromatography, FD: 

Fluorescence Detection, GS: Gas Chromatography, MS: Mass Spectrometry, LD: Liquid 

Chromatography, ng: nanogram, ml:milliliters, ug: microgram,g: gram. 

 

2. Environmental exposure 

BPA is not only found in plastic products, but it has also been detected in river 

waters in the USA, Germany, Japan, and The Netherlands (Kang & Kondo, 2006). BPA’s 
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half-life in river water ranges between 3-5 days as it gets degraded under aerobic conditions 

in the presence of certain strains of bacteria(Kang, Ri, & Kondo, 2004; Kang & Kondo, 

2002). BPA has also been detected in seawater with a longer half-life lasting for 30 days 

(Kang & Kondo, 2005). BPA’s presence in water poses a risk when drinking it as well as 

when bathing or swimming in it, because BPA can cross the skin into the systemic 

circulation (Demierre et al., 2012). BPA’s presence in air is not that critical except for 

workers using epoxy resin sprays; for instance it was shown that these workers had a higher 

median urinary BPA level of 1.06 umol/mol creatinine compared to that of a control group 

of 0.52 umol/mol creatinine (Hanaoka et al., 2002). Soil can also have traces of BPA from 

humans’ wastes, and in this case BPA has a short half-life which is less than 3 days due to 

chemical bonds formation with soil (Fent et al., 2003; Kawahata et al., 2004).  

 

3. Human exposure 

As shown in Table 4, there have been several studies documenting BPA levels in 

different populations, age groups and biological samples. In 2003-2004, the CDC started a 

National Health and Nutrition Examination Survey (NHANES), whereby it was found that 

93% of 2517 urine samples of six years and older human subjects from the USA had 

detectable levels of BPA ranging from 0.4 ug/L to 149 ug/L and a geometric mean (GM) of 

2.6 ng/mL urine. Interestingly, highest total BPA levels were among children between 6 

and 11 years old with a GM of 3.4 ng/mL urine. Levels were similar in individuals of 12–

19 years of age, 20-59 years of age, and ≥ 60 years of age with GM of 2.8, 2.4, and 2.3 

ng/mL urine respectively. Interestingly, females had greater BPA levels than males (Calafat 
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et al., 2008). Following that, in 2005, 95% of 394 urine samples analyzed had detectable 

BPA levels with a GM of 1.63 ng/mL urine in American males and 1.12 ng/mL urine in 

American females (Calafat et al., 2005). More recently, a study done on 922 Chinese 

individuals’ urine samples in 2009 showedthat 58% of males and 44% of females had 

detectable BPA levels with a GM of 1.41 and 0.58ng/mL urine respectively. It was also 

shown that higher BPA levels were detected in people above 40 years of age, alcohol 

drinkers and smokers and those with higher education status (He et al., 2009). These results 

differed from the CDC study whereby children and females were shown to have highest 

BPA levels. 

BPA levels were also detected in tissues such as maternal blood, fetal cord blood, 

amniotic fluid, placenta, and breast milk. For instance, BPA levels were detected in the 

maternal blood of 40 American women at delivery with a mean of 5.9 ± 0.94 ng/mL that 

poses a risk of fetal exposure to BPA, especially that BPA’s clearance is slower in the fetus 

due to immature liver (Padmanabhan et al., 2008). Another study, including 300 maternal 

blood and fetal umbilical cord blood samples of Korean women at delivery, showed a mean 

maternal blood BPA level of 9.04 ± 0.81 ng/mL versus 1.13 ± 0.08 ng/mL in fetal cord 

blood, and there was a positive correlation between the maternal and fetal blood BPA levels 

(Lee et al., 2008). Similarly, a study on Japanese women showed higher levels of BPA in 

fetal serum with a mean of 2.2 ± 0.318 ng/mL compared to 1.4 ± 0.148 ng/mL in maternal 

serum taken at late pregnancy. In the same study, BPA levels were detected in amniotic 

fluid taken early between 15-18 weeks of pregnancy and at full term pregnancy: it was 

found that higher levels of BPA were present in amniotic fluid at early pregnancy with a 
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mean of 8.3 ± 1.573 ng/mL versus 1.1 ± 0.162 ng/mL in amniotic fluid taken at full term. It 

is noteworthy that BPA levels taken from amniotic fluid at early pregnancy were 8-folds 

higher than those from maternal plasma taken at the same time. Higher BPA levels found at 

the beginning of pregnancy are due to maternal plasma crossing the placenta membrane and 

reaching the fetus that does not have a mature liver yet, and that is why BPA accumulates. 

As pregnancy reaches its full term, the fetus has a relatively mature liver that can 

metabolize BPA to a certain extent. In addition, the fetal urine carrying BPA becomes 

diluted with the maternal plasma. That is why results did not show any significant 

correlation between mother and fetus BPA serum levels which might be explained by the 

presence of partial metabolism of BPA in fetus (Ikezuki et al., 2002). BPA was also 

detected in placenta of 37 German women at delivery with a mean of 11.2 ± 1.512 ng/g 

(Schonfelder et al., 2002). 

A study was done to detect BPA levels in human colostrum to understand the 

extent of newborn exposure to BPA through breastfeeding. High levels of BPA were 

measured in 101 human colostrum samples with a mean BPA level of 3.41 ± 0.13 ng/mL. 

These results were compared to BPA levels in maternal sera of the same healthy women, 

and it was shown that BPA levels were higher in human colostrum (Kuruto-Niwa et al., 

2007). In human breast milk, BPA levels were detected with a mean of 0.61 ± 0.2 ng/mL 

(Sun et al., 2004), and in another study including breast milk of 20 American women, mean 

BPA level was 1.9 ng/mL in breast milk (Ye et al., 2006).  
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4. Estimated daily intake 

Toxicological studies on Sprague-Dawley rats showed that the no-observed-

adverse-effect-level (NOAEL) is 5 mg/kg/day, where by the critical effects were changes in 

the body and organ weights of adult and offspring rats (Tyl et al., 2002). After that, 

NOAEL was divided by 100 for intra-species and inter-species differences to get a tolerable 

daily intake dose (TDI) of 0.05 mg/kg/day. Recently, the EFSA had refined the results. A 

new dose called the benchmark dose which is the lowest dose causing an enlargement in 

the kidneys of mice, was used to calculate the human equivalent dose. It was found that 

benchmark dose is 8960 ug/kg/day and the human equivalent dose is 690 ug/kg/day. From 

the human equivalent dose a temporary TDI (t-TDI) was calculated after accounting for 

data uncertainties and differences in species and individuals; the end result was a t-TDI of 4 

ug/kg/day (EFSA, 2015).      

The European food safety authority (EFSA) estimated that BPA dietary intake 

was 0.875 ug/kg/day in toddlers and infants, 1.449 ug/kg/day in adolescents, and 0.388 

ug/kg/day in adult women and men (EFSA, 2015). 

In addition, the US FDA estimated a human daily BPA exposure of 0.2-0.5 

ug/kg/day (mean-90
th

 percentile) for US population 2 years of age and older (FDA, 2014). 

The NHANES in 2003-2004 found that BPA daily intake from all routes in US population 

is 0.051 ug/kg/day (Lakind et al., 2008).  
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Table 4. Several studies documenting BPA levels in different populations in different tissues 

LOD: limit of detection, GM: geometric mean, adj. GM: creatinine adjusted BPA geometric mean, ng: nanogram, ml: milliliter, 

ug: microgram, and g: gram

Reference Number of participants Country LOD ng/ml Tissue Type Mean levels of BPA in ng/mL 

Sasaki et al. 2005 21 dental patients Japan Not mentioned Saliva 32.1 ± 16.27 (immediately after restoration of 

one dental composite) 

Zafra et al. 2002 8 dental patients Spain 3 Saliva 26.125 (one hour after dental composite 

restoration) 

Calafat et al. 2005 394 adults US 0.1 Urine GM= 1.33 

Adj. GM= 1.36 µg/g 

Calafat et al. 2008 2517 ( ≥ 6 years of age) US 0.4 Urine GM= 2.6 

He et al. 2009 992 adults China 0.31 (urine) 

0.39 (blood) 

Urine 

Blood 

GM= 0.87, adj. GM= 0.38 ug/g 

GM= 0.18 

Padmanabhan et al. 

2008 

40 women at delivery USA 0.5 Maternal blood 5.9 ± 0.94 

Lee et al. 2008 300 women at delivery Korea 0.625 Maternal and 

fetal blood 

Maternal blood:  9.04 ± 0.81 

Fetal blood: 1.13 ± 0.08 

Ikezuki et al. 2002 37 Healthy women (early 

and late pregnancy) 

32 fetal cord serum 

 

Japan 0.3 

 

 

Maternal and 

Fetal serum 

Amniotic fluid 

 

Early pregnancy: 1.5 ± 0.197 

Late maternal serum: 1.4 ± 0.148 

Fetal (cord) serum: 2.2 ± 0.318 

Early amniotic fluid:  8.3 ± 1.573 

Late amniotic fluid:  1.4 ± 0.148 

Schönfelder et al. 

2002 

37 women at delivery Germany 0.01 Maternal and 

fetal serum 

Placenta 

Maternal serum: 2.9 ± 0.411 

Fetal serum: 4.4 ± 0.641 

Placenta:  11.2 ± 1.512 ng/g 

Kuruto-Niwa et al. 

2007 

101 women 3 days after 

delivery 

Japan 0.3 Human 

colostrum 

3.41 ± 0.013 

Sun et al. 2004 23 women Japan 0.11 Breast milk 0.61 ± 0.042 

Ye et al. 2006 20 women USA 0.28 Breast milk Total BPA: 1.9 
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5. BPA and Estrogen 

BPA was synthesized by A. P. Dianin in 1891 and was studied in order to be used 

commercially as a synthetic estrogen in the 1930s by Edward Charles Dodds. It was 

confirmed that BPA has an estrogenic activity, but another synthetic estrogen which is 

diethylstilbestrol (DES) was found to have a more potent estrogenic activity than BPA, and 

that is why BPA development was dropped in favor of DES. In the 1950s, several chemists 

around the world started using BPA to produce polycarbonate and epoxy resins, and it was 

extensively used in the industries for the production of plastics, electronics, CDs, DVDs, 

electrical appliances, automobiles, and dental sealants. In the 1971, DES was banned after 

it was prescribed to many women with pregnancy related problems because it was found to 

be linked to vaginal and cervical cancers in female offspring of mothers who took DES. It 

was also banned from being used in animals to increase their meat production in the 1979 

by the US FDA (Rubin, 2011; Vogel, 2009). 

There has also been a growing concern about BPA due to many reasons. First, 

BPA is ubiquitous in nature and it is capable of entering the human body through several 

routes (dermal, oral, and inhalation). Second, DES and BPA are both synthetic estrogens 

with similar structure (shown in Figure 4.), and having found that DES is linked to cancer 

raises a question as to whether BPA has a similar link (Rubin, 2011; Vogel, 2009). The 

American Plastic Council (APC) funded a report by Grey et al. in 2004, and showed that 

low doses of BPA have no evident adverse effects. However in the following year, another 

article was issued by von Saal and Hughes (who is a member of the APC) showing that 

research was failing to unravel side effects of BPA due to the limited funding and 
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inappropriate animal models used. For instance, Sprague-Dawley rats that are used in BPA 

assessment studies are insensitive to low levels of BPA, and thus they do not resemble the 

human body (Maffini et al., 2006). 

In light of these study limitations and knowing that BPA is an estrogen-like 

compound, the Canadian government classified BPA as “toxic” and it has been seeking a 

limited ban on BPA use. However, US FDA and the EFSA considered BPA as a safe 

product since the estimated levels of BPA were below the tolerable daily intake (TDI) 

(EFSA, 2015). 

 

Figure 4. Structure of estradiol, BPA, and DES 

 

 

 

 

 

 

 

 

 

 

6. Pharmacokinetics 

BPA is completely and rapidly absorbed in the gastrointestinal tract of humans 

after ingestion, as it is lipophilic with an octanol-water partition coefficient (Ko/w) ranging 
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between 2.2 and 3.82 (Edginton & Ritter, 2009). Bisphenol A undergoes rapid and 

extensive first pass metabolism in the human liver and small intestine through the 

glucuronidation pathway leading to BPA glucuronide byUridine 5'-diphospho-

glucuronosyltransferase (UGT2b1) following first order kinetics, and to a lesser extent 

(around 7% of oral BPA) through sulfation in liver (Matsumoto et al., 2002; Kurebayashi et 

al., 2010). Orally administered BPA of 100 ug/kg/day was given to men and women and it 

was found that the maximum total serum BPA level was 390 ng/ml after 1.1 hours of oral 

intake, and maximum unconjugated serum BPA level was 1.5 ng/ml after 1.3 hours of oral 

intake, and it started to appear in blood after 20 min of oral intake (Thayer et al., 2015). 

UGT2B1 is expressed in kidneys and intestines but to a little extent compared to liver, 

whereas it is absent in the lungs (Trdan Lusin et al., 2012). 

BPA glucuronide and BPA sulfate lack estrogenic activity.In rodents, it was 

shown that conjugated BPA is de-conjugated in the lower intestine, and this is relevant in 

humans in general and fetuses in particular as, in the human body, glucuronidases are 

produced during infancy in the digestive tract, which means that conjugated BPA may be 

de-conjugated in the intestines at early age. Moreover, fetuses and neonates are expected to 

have low levels of UGT2B1 as their liver didn’t reach full maturation yet (Vandenberg et 

al., 2009). Note that estrone sulfatases, present in different tissues, also de-conjugate BPA 

sulfate into free BPA. Glucoronidated BPA is mainly eliminated in the urine and feces, and 

although there is no direct evidence in humans yet, BPA may be subjected to entero-hepatic 

circulation (Yang et al., 2015). 
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BPA was also shown to be metabolized by cytochrome P450 2 (CYP2) family 

members: CYP2C9, CYP2C19 and CYP2C18 with CYP2C9 having the highest affinity to 

BPA. BPA was also shown to competitively inhibit progesterone metabolism by binding to 

CYP2C19 (NIWA et al., 2001). 

BPA binds to albumin, though with low affinity. It also binds to sex hormone 

binding globulin (SHBG) in human plasma (Teeguarden et al., 2005). BPA has been 

detected in breast milk, fetal plasma, and placentain many human studies (Vandenberg et 

al., 2010). 

 

7. Pharmacodynamics  

BPA is a well-known environmental estrogen and an endocrine disruptor. It acts 

on different types of receptors as shown in Figure 5. It binds to different ligand binding 

domains on estrogen receptor (Gould et al., 1998) with a 10-fold higher affinity to ERβ 

compared to ERα. Structure activity relationship shows that the 4-OH group, the two 

benzene rings, and the hydrophobic propane are important for the BPA estrogenic activity. 

Although BPA is an estrogen-like compound, it has a very low potency to ER with an 

EC50= 2-7 ×10
-7

 M compared to that of estradiol EC50= 1-6×10
-13

M (Andersen et al., 1999), 

yet it can also activate many different transcriptional regulators affecting the cellular 

responses at doses lower than those needed to bind to ER. 

When it acts on ERβ, BPA activates TIF2 co-activator, and activates co-activator-

1a through either ERα or ERβ in HeLa cells (Routledge et al., 2000). Moreover, and  
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similarly to estrogen, BPA was found to have non-genomic effects(Wade et al., 2001) 

through binding to membrane estrogen receptor (mER) and trans-membrane estrogen 

receptor known as GPCR30 with a binding affinity of 8-50 times to GPCR30 higher than 

that to ERα and ERβ (Thomas & Dong, 2006). BPA can induce prolactin release by 

stimulating calcium influx via L-type channels through binding to mER (Watson et al., 

2007). 

BPA is an antagonist of estrogen-related receptor γ (EER-γ), a subfamily of 

orphan nuclear receptor that is important in the development of fetal brain. EER-γ is 

constitutionally active and by BPA binding to it, it prevents the inverse agonistic effect of 

some anti-estrogens such as 4-Hydoroxytamoxifen (Takayanagi et al., 2006). BPA was 

shown to interfere with androgen receptor (AR), whereby it competitively binds to it and 

inhibits AR nuclear translocation at a concentration of 1-2 uM (Teng et al., 2013). BPA 

was also found to be a glucocorticoid receptor agonist similarly to dexamethasone. For 

instance, in vitro studies showed that BPA stimulated adipogenesis through glucorticoid 

receptor (Sargis et al., 2010), and in in vivo studies on rats, female offspring exposed to 

BPA prenatally had increased levels of corticosterone under mild stressful conditions when 

compared to control (Poimenova et al., 2010). Moreover, BPA was shown to inhibit the 

aryl hydrocarbon receptor (AhR) at5×10
-5

 to 10
-4

 M. AhR, a transcription factor with an 

AhR nuclear translocator (AhRnt), is hypothesized to regulate the expression of aromatases 

including CYP19 responsible for the synthesis of estrogen from testosterone, hence 

disrupting the balance between androgen and estrogen affecting both female and male 

reproductive systems. Moreover, AhR cross talks with other receptors such as ERs and AR 
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whereby BPA’s antagonistic effect on AhR can lead to many adverse effects (Bonefeld-

Jorgensen et al., 2007). 

A study showed that BPA inhibits the binding of T3 to its thyroid receptor and 

inhibits its transcription through the recruitment of N-CoR, a nuclear receptor co-repressor 

at the promoter site (Moriyama et al., 2002). Finally, BPA can cause epigenetic alterations 

especially regarding DNA methylation. BPA was found to induce hypo-methylation at 

PDE4D4 gene site which increases the expression of this gene and can be associated with 

prostate cancer proliferation. Phosphodiesterase type 4 variant 4 (PDE4D4) gene codes for 

the PDE4D4 enzyme that degrades cAMP and was linked to prostate cancer. (Ho et al., 

2006). 

 

Figure 5. Different pharmacological effect of BPA 

Source: Rezg et al. 2014 (Environment International) 
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8. Toxicology of BPA 

Studies have been controversial as to whether environmentally relevant BPA 

exposure poses a risk to human health. Different articles found that at lower doses than 

TDI, BPA did induce adverse health effects in in-vivo studies on animals. This could be 

attributed to the wide pharmacological properties of BPA and the different signaling 

pathways it can stimulate. In addition, and similarly to estrogen, BPA seems to follow the 

non-monotonic dose response model whereby low levels might exhibit different responses 

when compared to higher doses (Vandenberg et al., 2009).  

 

9. Adverse effects 

BPA was shown to cause many side effects in animal models and association 

studies in human subjects. 

a. Animal studies 

Mice exposed to BPA doses of 25 or 250 ng/kg/day showed a change in the 

anatomy of the mice ovaries, whereby the volume of antral follicles occupying the ovaries 

increased and that of corpora lutea decreased. This means a decrease in the number of 

ovulated oocytes in 3-month old mice (Markey et al., 2003). In another study, female 

juvenile mice exposed to increasing doses of BPA from 15 to 70 ug/kg/day showed an 

increased risk in aneuploidy in oocytes in a dose dependent matter (Hunt et al., 2003). 

Using rat models, BPA doses of 0.1-1.2 ug/kg/day exposure during pregnancy and lactation 

led to having female offspring with increased body weight even during adulthood hence the 
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risk of obesity, and the results were more striking in females when compared to male 

offspring. It was also found in the same study that rats exposed to BPA had lower levels of 

luteinizing hormones in blood compared to controls, and they showed early onsets of 

puberty (Rubin et al., 2001). BPA was also shown to affect male reproductive system, 

whereby mice exposed to 2ng/g of BPA in utero life were found to have later on increased 

prostate size and decreased sperm production (vom Saal et al., 1998). BPA, given at low 

doses similar to the tolerable daily intake dose 0.05 mg/kg/day, was found to induce 

oxidative stress and disrupt mitochondrial function in rat livers (Moon et al., 2012). BPA 

can also affect the immune system; for instance prenatal exposure to BPA caused an 

increase in the production of a specific antibody when mice were exposed to its relative 

antigen; this appeared at low doses of 30 ug/kg/day and in a dose dependent manner 

(Yoshino et al., 2004). BPA can decrease the levels of antioxidants by unknown 

mechanisms which can be either through inhibiting antioxidant enzymes or increasing 

reactive oxygen species production leading to enzyme depletion that can happen at low 

doses of 0.2 ug/kg/day in adult males (Chitra et al., 2003). 

b. Human studies 

Different human studies had shown the association between BPA and human 

diseases as shown in Table 5. As shown in animal studies, some articles had found an 

association between BPA and birth defects and developmental disorders. BPA was 

previously shown to accumulate in the fetus due to its inability to metabolize BPA which 

may be posing dangerous consequences on the fetal life. Aneuploidy is a known leading 

cause of miscarriages in humans, and that it was proposed that high BPA levels may be 
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linked to recurrent miscarriages. For instance, Sugiura-Ogasawara et al. found higher levels 

of BPA in the blood of women with recurrent miscarriages compared to women who 

completed their full term pregnancy. Moreover in the same study, tissues of embryos were 

found to have an abnormal karyotype similar to that caused by high levels of BPA 

(Sugiura-Ogasawara et al., 2005). Another study found that mothers exposed to BPA 

delivered newborns with low birth weight, and alterations in leptin and adipokine secretions 

posing a metabolic risk (Chou et al., 2011). 

Other associations of BPA with the reproductive system have been seen as well. 

For example, male workers with high BPA levels were found to have problems in erection 

and ejaculation and reduced sexual drive (Li et al., 2010b; Li et al., 2010a). As for women 

undergoing in vitro fertilization, high BPA levels were associated with a decrease in oocyte 

retrieval and estrogen peak levels (Mok-Lin et al., 2010). 

It was also found that high urinary BPA levels were associated with cardiovascular 

heart diseases. Since BPA is lipophilic, it accumulates in fatty tissues which is 

accompanied with slow release of BPA, and also since BPA was linked to increase in 

inflammatory markers, these may be a potential cause behind the damage to the endothelial 

cells that precipitate cardiovascular problems (Melzer et al., 2010). Moreover, another 

study showed that high urinary BPA levels were associated with hypertension, and this was 

independent of confounding factors as BMI and diabetes (Shankar & Teppala, 2012). BPA 

serum levels were found to promote echogenicity of intima-media complex and overt 

plaques, which means a possible role for BPA in atherosclerosis, and hence associated 

cardiovascular events (Lind & Lind, 2011). 
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BPA also seems to play a role in endocrine and metabolic diseases. For instance, 

high urinary BPA levels were associated with high obesity prevalence among adults, 

whereby BPA was shown to cause insulin resistance and increased lipid production, and 

this was first assessed in in vitro studies, whereby BPA caused adipogenesis as mentioned 

earlier, and also inhibition of adiponectin secretion in a dose dependent manner, and thus 

disrupting the effect of adiponectin on glucose and fatty acid metabolism. Moreover, 

BPA’s antagonistic effect on the thyroid hormone receptor and peroxisome proliferator-

activated receptor γ can mediate insulin resistance and obesity (Wang et al., 2011). 

Interestingly, similar results were found in children and adolescents, whereby high urinary 

BPA levels were found to be associated with obesity (Trasande et al., 2012). Although 

Lakind et al found no association between BPA and diabetes (LaKind et al., 2012), many 

articles reported it. For instance, by acting on ERα, BPA stimulates insulin secretion 

leading to hyperinsulinemia and insulin resistance (Sun et al., 2014). Similar results were 

reported by Shankar et al., whereby higher levels of urinary BPA were associated with type 

2 diabetes mellitus, and this could be indirectly caused by obesity and insulin resistance 

that were also associated with high BPA levels (Shankar & Teppala, 2011). 

In addition to these, high BPA levels were associated with a decrease in renal 

function, as patients on hemodialysis had 6-folds higher BPA concentration when 

compared to patients with chronic kidney disease stage 5 but not put on dialysis yet (Krieter 

et al., 2013). BPA was also found to be associated with altered liver functions since high 

BPA levels were associated with abnormal serum liver enzymes levels (γ-

glutamyltransferase, alkaline phosphatase, and lactate dehydrogenase), meaning that BPA 
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may cause liver damage, a finding that needs further assessment and exploration (Lang et 

al., 2008). 

BPA was also linked to respiratory disorders. For example in a cohort that 

included 568 asthmatic children, it was shown that exposure to high BPA levels was 

associated with an increase in wheezing and asthma (Donohue et al., 2013). Regarding the 

immune system, high urinary BPA levels were associated with increased cytomegalovirus 

antibody levels in adults, which means that the virus is able to survive and replicate in the 

human body, and that may be why the immune system increases its antibody production to 

counteract it. BPA was found to disrupt macrophages by altering their adhesion in rats, and 

that is a possible way for BPA to decrease the immune functions (Rees Clayton et al., 

2011). Finally, a study found an association between high BPA levels and increased 

inflammatory and oxidative stress markers levels in postmenopausal women, but not in 

premenopausal women or men (Yang et al., 2009).  

 

 

 

 

 

 

 



43 
 

Table 5. List of studies showing association between BPA levels and diseases 

Reference   Source BPA levels (ng/ml) Outcome 

Sugiura-

Ogasawara et 

al. 2005 

Blood Mean in 45 cases: 2.59±5.2l  

Mean in 32 controls: 0.77 ± 0.38  

High BPA levels associated with 

recurrent miscarriages  

Chou et al., 

2011 

Blood  GM in 97 maternal blood: 2.5  

GM in 97 fetal cord blood: 0.5  

BPA associated with low birth 

weight and alteration in metabolic 

cytokines. 

Li et al, 2010 Urine Median in 427 male: 53.7 ug/g 

creatinine 

IQR: 8.6–558.9 

BPA associated with problems in 

men sexual activity 

Mok-Lin et al., 

2010 

Urine GM in 84 women: 2.52 BPA associated with decrease in 

oocyte number 

Melzer et al., 

2010 

Urine GM in 1493 adults:1.79 

95% CI: 1.64-1.96 

BPA associated with heart diseases 

Shankar et al., 

2012 

Urine GM in 1380 subjects: 2.6 

95% CI: 2.4–2.9 

BPA associated with hypertension 

Lind et al., 

2011 

Serum Median in 1016 subjects: 3.76 

IQR: 2.02-6.52 

BPA associated with plaque 

echogenicity 

Wang et al. 

2012 

Urine Median in 3390 subjects: 0.81 

IQR: 0.47-1.43 

BPA associated with obesity and 

insulin resistance in adults 

Trasande et 

al., 2012 

Urine Median in 2838 subjects: 2.8 

ng/ml 

IQR:1.5-5.6 

BPA associated with obesity in 

children and adolescents 

LaKind et al., 

2012 

Urine GM: 2.6,95% CI: 2.4–2.9 BPA is not associated with diabetes 

mellitus or heart diseases 

Sun et al., 2014 Urine  In 971 T2DM individuals: 

median: 2.3, IQR: 1.4-3.8 

971 Controls: median: 2.0, IQR: 

1.3- 3.5 

BPA associated with T2DM and 

insulin resistance 

Shankar et al., 

2011 

Urine  Mean in 1916 men: 3.97 ± 0.21 

Mean in 2051 women: 3.90 ± 0.26 

BPA associated with T2DM and 

obesity 

Lang et al., 

2008 

Urine Mean in obese individuals: 6.93, 

95% CI: 4.39-9.47 

Mean in controls: 3.91, 95% CI: 

3.34-4.48 (total 1455 subjects) 

BPA associated with increased 

serum level of liver enzymes 

Donohue et al., 

2013 

Urine Mean in 568 subjects: 6.0 ± 6.5 BPA associated with asthma in 

children 

Clayton et al., 

2011 

Urine In 787 CMV + sera individuals: 

5.53 

BPA negatively affects immune 

function 

Yang et al., 

2009 

Urine GM: 0.56 ug/g creatinine in all 

485 subjects 

GM: 0.58 ug/g creatinine in 134 

postmenopausal women 

BPA associated with oxidative 

stress in postmenopausal women 

GM: geometric mean, IQR: interquartile range, 95%CI: 95% confidence of interval 
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10. BPA and breast cancer 

Different in vitro, in vivo, and human studies were done to test if BPA is involved 

in breast cancer. In vitro studies using MCF-7 cells treated with BPA have shown an 

increase in the number of treated MCF-7 cells through slowing down apoptosis rate rather 

than increasing proliferation (Diel et al., 2002). Moreover, the human breast epithelial 

MCF-10F cells, treated with BPA concentrations of 10
-5

 and 10
-6

 M formed more solid 

masses and less tubules compared to control (Fernandez & Russo, 2010). 

Different animal models were used to study the effect of BPA on mammary glands 

as shown in Table 6. Using MMTV-erbB2 female mice, it was shown that chronic 

exposure of low levels of BPA that are similar to human daily intake of BPA caused an 

increase in the mammary gland tumor burden, and cellular proliferation as well as 

incidence of metastasis (Jenkins et al. 2011). Another study using pregnant CD-1 mice 

exposed to low doses of 25 or 250 ng/kg/day BPA, showed that female offspring at day 30 

of age had increased number of terminal end ducts, which means an increase in the ductal 

growth of their mammary glands, which is due to a decrease in rate of apoptosis at terminal 

buds with no effect on proliferation rate. Moreover, BPA increased estrogen sensitivity of 

the mammary glands, and increased progesterone receptor expression, but not estrogen 

receptor expression in ductal epithelial cells (Munoz-de-Toro et al., 2005). In another 

study, fetal exposure in a rat model of low doses of 2.5 and 25 ug/kg/day of BPA, showed 

at postnatal day 50 increased rate of intraductal hyperplasias and carcinomas in mammary 

glands in-situ with increased expression of estrogen receptor α at postnatal day 50 (Murray 

et al., 2007). Similar results were shown in a different study, whereby a BPA dose of 25 
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ug/kg/day given to Wistar rats increased hyperplastic ducts and decreased apoptotic index 

with a slight increase in proliferation (Durando et al., 2007). Another study showed that 

pregnant and lactating Sprague-Dawley rats exposed to different doses of BPA including 

0.25, 2.5, and 25 ug/kg/day led to the presence of pre-neoplastic and neoplastic lesions in 

mammary glands of their female offspring at postnatal day 90 (Acevedo et al., 2013). Male 

mice were studied as well, and they were exposed during gestation and lactation to different 

doses of BPA, and it was shown that low BPA doses of 2.5ug/kg/day increased the 

branching in the ductal area of mammary glands at a young age (Vandenberg et al., 2013). 

Tissues from humans were also studied along with association studies to evaluate 

whether BPA in humans has similar effects to those seen in cell lines and animal models. In 

an interesting study, non-malignant contralateral breast tissues were taken from breast 

cancer female patients through aspiration. These tissues were cultured and treated with a 

BPA concentration of 10
-7

 M. It was found that BPA induced different gene expressions 

that were shown to decrease apoptosis and increase cell tolerability to micro-environmental 

stress without affecting cell proliferation. Moreover, different gene expression due to BPA 

were shown to be prevalent in tumors with ER negative status, more than 2cm size, and 

higher histological grade that are all indicators of aggressive breast cancer (Dairkee et al., 

2008). In contrast, Yang et al. studied Korean women with breast cancer and the study 

found that high blood BPA levels were negatively associated with age at first birth, and no 

association with breast cancer risk (Yang et al., 2008). Finally, it was shown that high 

serum levels of BPA were associated with increased mammographic breast density in 

postmenopausal women which is a risk factor of breast cancer (Sprague et al., 2013).
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Table 6. BPA doses, exposure route and duration in different studies to study its effect on mammary glands in animal models  

References Animal model BPA exposure 

route 

BPA doses or 

concentration 

Duration of 

exposure 

Outcome 

(Jenkins et al., 2011) MMTV-erbB2 mice Drinking water 2.5, 25, 250, or 

2,500 ug/l 

56 days of age  

for their lifetime  

Increased mammary 

tumorigenesis and metastases 

at low doses in females  

(Munoz-de-Toro et 

al., 2005) 

CD-1 mice Alzet osmotic 

pump 

25 or 250 

ng/kg/day 

Gestational day 

9 till postnatal 

day 4 

Increased ductal growth of 

mammary glands of females 

(Murray et al., 2007) Wistar-Furth rats Alzet osmotic 

pump 

2.5, 25, 250 or 

1000 ug/kg/day 

Gestational day 

9 of till 

postnatal day 

one 

Increased ductal hyperplasias 

and  carcinoma in mammary 

glands of females 

(Acevedo et al., 2013) Sprague-Dawley 

rats 

Alzet osmotic 

pump 

0.25, 2.5, 25, or 

250 μg/kg/day 

Gestational day 

9 to birth or 

postnatal day 21 

Increased preneoplastic and 

neoplastic lesions in mammary 

glands of females 

(Durando et al., 

2007) 

Wistar rats Alzet osmotic 

pump 

250 ug/kg/day Gestational day 

8 till gestational 

day 23  

Increased hyperplasia in 

mammary glands of females 

(Vandenberg et al., 

2013) 

CD-1 mice Alzet osmotic 

pump 

0.25, 2.5, 25, or 

250 ug/kg/day 

Gestational day 

9 till postnatal 

day 16 

Increased ductal branching in 

mammary gland of males 
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CHAPTER II 

RATIONALE OF STUDY AND AIMS 

 

Breast cancer has been studied extensively throughout the years. With increasing 

number of breast cancer incidences all over the world, there is an increasing urge to find 

other advanced ways to understand breast cancer etiology. Understanding what is 

happening at the molecular level paves the way for new methods to help in early detection 

of breast cancer. Moreover, it provides researchers with new mechanisms to combat breast 

cancer cells and probably expanding the results to other types of cancers and diseases. 

Telomere length was shown to be an important marker of aging. As people get 

older, telomere length was found to get shorter and this may predispose human beings to 

different diseases. Telomere length was also found to be altered in breast cancer. Similarly, 

Bisphenol-A (BPA), which is a known chemical compound that acts similarly to estrogen, 

is found ubiquitously in our environment. It can enter the human body through different 

routes (oral, pulmonary, and dermal) and from many different sources. It was shown that 

BPA induced telomeric associations in MCF-7 breast cancer cell lines (Roy et al., 1998) 

and thus its association with telomere length in human beings is warranted. 

In this study, we hypothesized that high urinary BPA levels in humans are 

associated with shortening of telomere length. We also hypothesized that shortening of 

telomere length in peripheral blood is associated with increased breast cancer risk in 
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women. Accordingly, exposure to high BPA levels may be a risk of breast cancer 

development in women. 

The aims in this study are the following: 

AIM I: 

a) Explore the association between BPA levels detected in human urine 

samples with relative telomere length in their peripheral blood. 

b) Explore any further association between age, body mass index, 

menopausal status, current smoking and alcohol drinking statuses with 

relative telomere length in peripheral blood.  

AIM II:  

a) Explore the association between relative telomere length in peripheral 

blood and breast cancer risk in women. 

b) Explore any further association between relative telomere length in 

peripheral blood of breast cancer female patients with characteristics 

and histological types of breast cancer.  
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CHAPTER III 

SUBJECTS AND METHODS 

 

A. Study population 

A Cohort of 501 Lebanese volunteers without cancer of whom 319 were females 

signed an informed consent. They were recruited from Greater Beirut between February 

and June 2014. Both females and males were above 18 years old and their fasting urine was 

collected in glass containers, in order to avoid any exogenous BPA contamination of the 

urine. Their blood was also withdrawn and stored along with the urine samples at -80ºC. 

Different data were collected from these volunteers at time of enrollment including: age, 

weight, height, urinary creatinine, smoking status, alcohol status and menopausal status for 

females. The female volunteers are used as controls for the subsequent analyses with 

female breast cancer patients grouped as cases.  

A Cohort of 71 female patients with non-metastatic breast cancer were recruited at 

AUBMC between 2012 and 2013. They provided a written informed consent and their 

blood was withdrawn before treatment initiation and stored at -80ºC. Information was 

collected from these patients at time of recruitment includes: age, weight,height,smoking 

status, alcohol status, menopausal status, ER status, PR status, pathology type, grade, size 

and lymph node involvement of the breast cancer. Their controls were the non-breast 

cancer females from the BPA cohort.  
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B. DNA isolation 

DNA was isolated from the peripheral blood of volunteers and breast cancer 

patients using Qiagen kit and stored at -20 ºC. 

 

C. RTL quantitative measurement 

Telomere length was measured using quantitative real-time polymerase chain 

reaction (RT-qPCR) using the CFX384 Touch Real-Time PCR Detection System from 

BIO-RAD as described by Cawthon’s method 2002 (Cawthon, 2002). First, DNA samples 

were diluted to get a concentration of 10 ng/uL, and a sufficient total volume was prepared 

in order to run both telomere and single copy gene (SCG) PCRs for every sample. The two 

PCRs were run in a 384-well plates separately, and in each plate, samples were run in 

triplicates. Telomere mix was prepared using IQ
TM

 SYBR
®
 Green supermix from BIO-

RAD along with telomere primers (purchased from TIB MOLBIOL) and DEPC water. For 

each 10 uL reaction, 30 ng of DNA were added along with 5uL of SYBR green, 1.6 uL of 

primers: telomere tel c (5’- TgTTAggTATCCCTATCCCTATC 

CCTATCCCTATCCCTAACA),tel g (5’- ACACTAAggTTTgggTTTggg 

TTTgggTTTgggTTAgTgT) and 0.4 uL of water. Similarly for SCG mix, for each 10 uL 

reaction, 30 ng of DNA were added to 5 uL of SYBR green and 2 uL of primers only: hbg1 

(5’- gCTT CTgACACAACTgTgTTCACTAgC), hbg2 (5’- 

CACCAACTTCATCCACgTTCACC). Thermal cycling conditions for telomere were: 

50ºC for 2 min, 95ºC for 2 min, then two cycles of 95ºC for 15 sec, 49ºC for 15 sec, then 35 

cycles of 95ºC for 15 sec, 62ºC for 10 sec, and 74ºC for 15 sec. For SCG: 50ºC for 2 min, 
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95ºC for 2 min, then 36 cycles of 95ºC for 15 sec and 58ºC for 1 min. A melt curve was 

also done to check for reaction specificity and for presence of any primer-dimer formation. 

Human β2-globulin gene was used as the single copy gene, it is an internal protein 

coding gene that normalizes for the starting DNA amount in each sample. Along with the 

samples, four different standard concentrations of 20 ng/uL, 10 ng/uL, 2.5 ng/uL and 

0.3125 ng/uL were prepared from a pool of DNA samples and amplified with samples in 

each run along with two fixed samples and a negative control to check for contamination. 

Standard curves were drawn and the slope along with R
2
 were calculated using the CFX 

Manager 3.1 software as shown in Figure 6. Intra-assay reproducibility was examined by 

computing the coefficient of variability of Ct values of telomere and single copy gene for 

each sample. The intra-assay geometric mean of the coefficients of variation for telomere 

and single copy gene Ct values were both less than 1.23%. In addition to that, we checked 

for the inter-run reproducibility by running the telomere and single copy gene PCRs of 18 

samples twice. There was a high and statistically significant correlation between the RTL 

of these samples in the two runs (R
2
= 0.768; P= 0.00) (Figure 7). The equation of the 

linear regression line is: y=0.994-0.079, showing that the slope is near unity and y-intercept 

is almost zero, in addition, the inter-assay geometric mean of the coefficient of variation 

was 6.487 %. Telomere to single copy gene (T/S) ratio was calculated using the formula 

described by Pfaffl 2001 to account for different plate efficiencies (Pfaffl, 2001). Relative 

telomere length was calculated by dividing T/S ratio of each sample over that of the 

standard with the same DNA concentration and it has no unit. 
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Figure 6. Standard curves for telomere and Human β2-globulin 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Standard curves used in order to calculate the relative telomere length. A. represents the 

standard curve of telomere gene and B. represents the standard curve of Human β2-globulin 

gene. E is the efficiency of the PCR plate and it is ideally 100%, the R
2
 and slope also 

reflect the plate efficiency which is the fraction of target molecule copied in one PCR cycle. 
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Figure 7.Correlation between RTL measurements with 18 samples in two RT-PCR 

independent runs the q-RT PCR 

 

 

 

 

 

 

 

 

 

 

 

 

 

The line shows that RTL values of samples done in October 9 and November 2, 2015 are 

highly correlated and close to each other with an R
2 

equal to 0.768 and a P=0.00. This 

shows that Q-PCR is giving reproducible results. 

 

 

D. BPA measurement using HPLC-MS 

Urinary BPA levels of 497 non cancer volunteers were measured using high 

performance liquid chromatography-mass spectrometry (HPLC-MS) under Dr. 

Mouneimne’s supervision. The limit of detection was 0.01µg/L. Mean urinary BPA in the 

whole cohort was 3.67±4.77µg/L with a minimum of 0.01µg/L and a maximum of 59.72 

µg/L. 
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E. Statistical analyses 

All data entry and analyses were done using IBM SPSS Statistics v. 23.0 and a 

P<0.1 was considered as statistically significant. Baseline demographics were computed 

for the whole cohort and shown as mean ± SD or frequencies as appropriate. Data was also 

computed for the female sub cohort as we are interested to compare their RTL to that of 

breast cancer female patients. 

Creatinine-adjusted urinary BPA levels were calculated by dividing urinary BPA 

levels over urinary creatinine concentration for every individual so we get the amount of 

BPA in mg in every 1g of urinary creatinine. This method is used to eliminate any 

overestimation of BPA levels in participants having a highly concentrated urine sample and 

avoid underestimation of BPA levels in participants with a diluted urine sample. Although 

there was a strong correlation between non adjusted and creatinine-adjusted urinary BPA 

levels (r= 0.627, P< 0.001), and no statistically significant association between urinary 

creatinine and RTL tertiles, we chose to analyze the data in 2 ways: one with BPA levels 

and one with adjusted BPA. 

Urinary BPA outliers were calculated using the equation: IQR*1.5+Q3 were IQR 

stands for interquartile range and Q3 stands for the 75
th

 percentile  (Figure 8). After 

removing outliers, we were left with 458 individuals with a mean urinary BPA level of 

2.75±1.6 µg/L. Urinary BPA levels were then categorized into tertiles: T1: <2.33, T2: 2.33-

3.49, and T3: >3.49. RTL mean was 1.42 ± 0.85 and also categorized into tertiles: T1: 

<1.06, T2: 1.06-1.43, T3: >1.43. Similarly in the females sub cohort, the mean of urinary 

BPA was equal to 2.72±1.69µg/L and urinary BPA and RTL tertiles were found similar to 
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those of the whole cohort after removing outliers. As for the adjusted BPA analysis, 

outliers were removed using same previous equation and they are shown in the boxplot 

(Figure 9). We were left with 447 individuals and a mean adjusted BPA urinary 

concentration equal to 1.81±1.34 µg/g and it was categorized into tertiles: T1: 1.15, T2: 

1.15-2.17, T3: >2.17. RTL, with a mean of 1.45 ± 0.87, was also categorized into tertiles: 

T1: <1.06, T2: 1.06-1.45, T3: >1.45 in the whole cohort after removing outliers. Similarly 

in the females sub cohort, the mean of urinary BPA was equal to 1.96± 1.43µg/g and 

urinary BPA and RTL tertiles were found similar to those of the whole cohort after 

removing outliers. 

A univariate multinomial logistic regression model was used to evaluate the 

association between BPA and RTL tertiles. We calculated the odds ratio (95%CI) of RTL 

as a linear function of non-adjusted and adjusted BPA urinary levels taking the lowest BPA 

tertile and the highest RTL tertile as references. The associations between potential 

confounders and RTL tertiles were analyzed using one-way ANOVA and chi square test as 

applicable for the whole cohort, after removing outliers, and female sub cohort in non-

adjusted and adjusted BPA models. After that, we did initial adjustment for urinary 

creatinine in case of non-adjusted BPA urinary concentrations, and followed with full 

adjustment for variables that appeared to be confounders: age, BMI and menopausal status 

in women. 

In the breast cancer cohort, peripheral blood RTL was used as a continuous 

variable. The differences in the baseline demographics between controls and cases were 

analyzed using independent-sample t test and chi square test as applicable. Binomial 
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logistic regression was used to analyze the association between RTL and breast cancer risk, 

and it was adjusted for confounding variables, basically: age, current smoking and drinking 

alcohol status. The cancer characteristics were also described and their potential association 

with RTL was evaluated using ANOVA or t-test as applicable. 

 

Figure 8.Box plot and outliers of urinary BPA concentrations (µg/L) in the whole cohort 

Boxplot showing the median of urinary BPA levels in the whole cohort and the outliers that 

reside above the whiskers. 39 outliers out of 497 samples were calculated using the 

interquartile range. 
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Figure 9.Box plot and outliers of creatinine-adjusted urinary BPA levels (µg/g) in the 

whole cohort 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Boxplot shows the median of creatinine-adjusted urinary BPA levels in the whole cohort 

and the outliers that reside above the whiskers. The outliers were calculated using the 

interquartile range and were found to be 50 outliers   
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CHAPTER IV 

RESULTS 

 

Out of the 501 Lebanese individuals recruited, we were able to measure RTL for 

497 individuals. By calculating urinary BPA or creatinine-adjusted urinary BPA outliers, 

we ended up having 458 and 447 individuals respectively. Subsequent analyses were done 

on both models in order to study the association between BPA levels and RTL. In addition 

to that, the association between RTL and breast cancer risk was also studied on blood 

samples of breast cancer patients. 

 

A. Characteristics of the controls and cases 

Table 7 represents the different baseline demographics of the whole cohort, after 

removing outliers, and also those of males and females subcohorts. The mean age of 

subjects was 45.5± 15.11 years old whereby men were younger than females by 5 years 

(42.05 ±16.64 versus 47.49 ±13.8). The whole cohort, after removing outliers, was 

overweight with a mean BMI of 29.12 ±5.79 Kg/m
2
 and a mean BMI of 28.01 ±1.43 

Kg/m
2
and 29.76 ±6.02 Kg/m

2
inmales and females sub cohorts respectively. Mean BPA 

urinary levels in the whole cohort, after removing outliers, was 2.75 ±1.6 µg/L which is 

similar to that of females 2.72 ±1.69 µg/L and slightly higher in males 2.81 ±1.43 µg/L. 

Less than half of the whole cohort, after removing outliers, was current smoker whereby 

males were 54.5% current smokers compared to 37.5% of females. In addition to that, most 
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subjects were not current alcohol drinkers whereby only 19.9% currently drink alcohol and 

most of them were males (43.1%) and only 6.5% of females. Table 8 represents the 

baseline demographics of the whole cohort, after removing outliers, and also of males and 

females subcohorts after creatinine adjustment of the urinary BPA levels.  

Out of the 71 breast cancer female patients, 68 of them had their RTL measured, 

and their characteristics compared to those of 319 females from the BPA cohort as shown 

in Table 9. There was a significant difference in the mean age between cases and controls 

(52.83±12.86 years versus 47.34±13.91 years). In addition to that, both percentages of 

current smokers and alcohol drinkers were 22.1% in cases versus 37.3% and 6.6% 

respectively in controls. 

 

Table 7. Baseline demographics of the whole cohort and of the males and females 

subcohort respectively after the removal of 39 urinary BPA outliers 

Mean±standard deviation, number of subjects (percentages) 

 Total Males Females 

Volunteers 458 167 291 

Age in years  45.50±15.11 42.05±16.64 47.49±13.80 

BMI (Kg/m
2) 

 29.12±5.79 28.01±5.20 29.76±6.02 

BPA µg/L  2.75±1.60 2.81±1.43 2.72±1.69 

Urinary creatinine mg/dL  173.86±89.91 216.56±93.24 149.36±78.17 

Current SmokersYes 200 (43.7) 91 (54.5) 109 (37.5) 

Current Alcohol drinkers Yes 91 (19.9) 72 (43.1) 19 (6.5) 

Postmenopausal status Yes - - 136 (46.7) 



60 
 

Table 8. Baseline demographics of the whole cohort and of the males and females 

subcohort respectively after the removal of 50 creatinine-adjusted urinary BPA outliers 

Mean±standard deviation, number of subjects (percentages) 

 

Table 9. Comparison of baseline characteristics between breast cancer females (cases) and 

non-breast cancer females from the BPA cohort (controls)  

1
Independent sample t-test, 

2
 Chi square test, mean±standard deviation, number of subjects 

(percentages) 

 Total Males Females 

Volunteers 447 169 278 

Age in years  45.02±15.06 41.78±16.58  46.99±13.72 

BMI  Kg/m
2
 29.09±5.87 27.94±5.24 29.79±6.12 

BPA µg/L  2.87±1.88 3.003±1.82 2.78±1.91 

Urinary creatinine mg/dL  182.46±85.97 220.95±89.65 159.07±74.65 

Serum creatinine mg/dL  0.77±0.23 0.93±0.2 0.67± 

Adjusted urinary BPA µg/g  1.81±1.34 1.55±1.13 1.97±1.43 

Current Smokers Yes 197 (44.1) 91 (53.8) 106 (38.1) 

Current Alcohol drinkers Yes 89 (19.9) 71 (42) 18 (6.5) 

Postmenopausal status Yes - - 125 (45) 

 Cases Controls P 

Characteristics 68 319  

Age in years  52.83±12.86 47.34±13.91 0.003
1 

BMI Kg/m
2
 28.23±6.69 29.69±6.03 0.117

1 

Current Smokers Yes  15 (22.1%) 119 (37.3%) 0.034
2 

Current Alcohol drinkers Yes  15 (22.1%) 21 (6.6%) 0.00
2 

Postmenopausal status Yes  34 (50%) 148 (46.4%) 0.384
2 
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Cancer properties for female patients with breast cancer are shown in Table 

10.The majority of patients had invasive ductal carcinoma (80.9%), ERα (77.9%) and PR 

(70.6%) positive status. Most had grade 2 breast cancer (36.8%), tumor size of 2 cm or less 

(T1: 57.4%), no lymph nodes involvement (60.3%), and none of the patients had 

metastasis.  

 

Table10. Breast cancer characteristics of cases 

 

 

 

 

 

 

 

 

 

 

 

1
: one-way ANOVA, 

2
: chi square test, P<0.05 when compared to <1.06 (post hoc test 

bonferroni), number of subjects (percentages)  

 

 

 

 

  Total 

Characteristics 68 
Pathology type  IDC 

ILC 

Both 

Other                                                                    

55(80.9%) 

5 (7.4 %) 

3 (4.4%) 

1 (1.5%) 
ER status: Positive  
PR status: Positive  

53(77.9%) 
48(70.6%) 

Grade  1                                    

2                                     

3 

17 (25%) 

25(36.8%) 

17 (25%) 

T   0                                     

1                                     

2                                     

3 

1 (1.5%) 

39(57.4%) 

23(33.8%) 

1 (1.5%) 

N   0                                     

1                                     

3 

41(60.3%) 

20(29.4%) 

1(1.5%) 
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B. Association between urinary BPA levels and relative telomere length
 

In the whole BPA cohort, we observed a statistically significant association 

between age and RTL tertiles (P= 0.001) and the association between BMI and RTL tertiles 

was statistically significant (P= 0.08). There were no statistically significant associations 

between gender, current smoking status, and current alcohol drinking status with RTL 

tertiles as shown in Table 11. Similar statistically significant associations were found 

within the females subjects. Age (P= 0.017), BMI (P= 0.057) and menopausal status (P= 

0.008) were associated with RTL tertiles within the females sub cohort. Chi square (x
2
) 

analysis between BPA tertiles and RTL tertiles in the whole BPA cohort showed a trend 

towards having higher BPA urinary levels associated with shorter RTL and lower BPA 

urinary levels associated with longer RTL, however these findings were not statistically 

significant P= 0.328 (Figure 10). However, by looking at the female sub cohort alone, this 

trend became statistically significant P= 0.022 (Figure 11). Univariate multinomial 

Logistic regression model showed that high urinary BPA level was less likely to be 

associated with long RTL and more likely to be associated with the short RTL (OR= 2.08, 

95%CI= 1.02-4.23, P= 0.043) in females sub cohort only but not in the whole BPA cohort. 

After initial adjustment for urinary creatinine levels, similar findings were observed with 

high urinary BPA levels with a P of 0.283 and 0.028 in the whole cohort, after removing 

outliers, and female subcohort respectively. After full adjustment for urinary creatinine, 

age, BMI, and postmenopausal status, the association between high urinary BPA levels and 

short RTL tertile was still statistically significant having OR= 1.98, 95%CI= 0.95-4.13, P= 

0.067 as shown in Table 12. 
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Table 11. Association between baseline demographics of the whole cohort without urinary 

BPA outliers (N= 458) 

 
RTL 

P-value 
<1.06 1.06-1.43 >1.43 

Urinary creatinine mg/dL  168.9±86.95 171.9±91.11 180.8±91.74 0.485
1
 

Age in years  48.99±14.42 44.59±15.06 42.95±15.29 0.001
1 

BMI Kg/m
2
 29.92±5.75 28.96±5.61 28.48±5.96 0.08

1 

Gender            Males 

Females 

57(37.5) 

95 (62.5) 

59 (38.3) 

95 (61.7) 

51 (33.6) 

101 (66.4) 
0.653

2 

Current Smokers Yes  69 (45.4) 74 (48.1) 57 (37.5) 0.154
2 

Current Alcohol drinkers Yes  32 (21.1) 34 (22.1) 25 (16.4) 0.422
2 

Postmenopausal status Yes  55 (57.9) 45 (47.4) 36 (35.6) 0.008
2 

1
: one-way ANOVA, 

2
: chi square test, p-value <0.05 when compared to <1.06 (post hoc 

test bonferroni), mean±SD, number of subjects (percentage) 

 

 

Figure 10. Distribution of RTL tertiles among BPA tertiles in all subjects P= 0.328 
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Figure 11. Distribution of RTL among BPA tertiles in females only, P= 0.022 
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Table 12.Association of BPA with RTL tertiles using a univariate and multivariate logistic regression model 

*adjusted for urinary creatinine, #adjusted for urinary creatinine, age and BMI (in addition to postmenopausal status in females)  

 

 

 

 

 

  Univariate Multivariate* Multivariate# 

  RTL< 1.06 RTL 1.06 - 1.43 RTL< 1.06 RTL 1.06 - 1.43 RTL< 1.06 RTL 1.06 - 1.43 

 BPA levels OR (95%CI) P OR (95%CI) P OR (95%CI) P OR (95%CI) P OR (95%CI) P OR (95%CI) P 

 

All 

>3.49 

2.33- 3.49 

<2.33 

 

1.31(0.75-2.29)  

1.78(1.019-3.1) 

1 

 

0.347 

0.043 

- 

1.04(0.61-1.78) 

1.13(0.65-1.96) 

1 

0.895 

0.665 

- 

1.36(0.78-2.39) 

1.82(1.04-3.18) 

1 

 

0.283 

0.036 

- 

1.07(0.62-1.84) 

1.15(0.66-1.99) 

1 

0.817 

0.629 

- 

1.27(0.72-2.25) 

1.87(1.06-3.3) 

1 

0.414 

0.03 

- 

1.05(0.61-1.82) 

1.16(0.67-2.01) 

1 

0.852 

0.603 

- 

 

Female 

>3.49 

2.33- 3.49 

<2.33 

2.08(1.02-4.23) 

2.9(1.42-5.88) 

1 

0.043 

0.003 

- 

1.1(0.57-2.13) 

1.02(0.51-2.05) 

1 

0.772 

0.954 

- 

2.24(1.09-4.59) 

3.03(1.48-6.19) 

1 

0.028 

0.002 

- 

1.16(0.6-2.26) 

1.05(0.52-2.12) 

1 

0.663 

0.887 

- 

1.98(0.95-4.13) 

2.83(1.37-5.85) 

1 

0.067 

0.005 

- 

1.1(0.56-2.17) 

1.02(0.5-2.06) 

1 

0.775 

0.959 

- 
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C. Association between creatinine-adjusted urinary BPA levels and relative 

telomere length 

In the whole BPA cohort and after removing adjusted BPA outliers, we also 

observed a statistically significant association between age and current smoking status 

with RTL tertiles (P= 0.001, and P= 0.019 respectively). The association was 

statistically significant between BMI and RTL tertiles with a P= 0.088. There were no 

statistically significant associations between gender and current alcohol drinking status 

with RTL tertiles as shown in Table 13. Within the females sub cohort, age (P= 0.01), 

BMI (P= 0.071) and menopausal status (P= 0.004) were statistically significantly 

associated with RTL tertiles. Chi square (x
2
) analysis between adjusted BPA tertiles and 

RTL tertiles in the whole BPA cohort showed a trend towards having higher BPA 

urinary levels associated with shorter RTL and lower BPA urinary levels associated 

with longer RTL, however these findings were not statistically significant P= 0.453 

(Figure 12). By looking at the female subcohort alone, this trend was shown to be 

statistically significant with a P= 0.038 (Figure 13). Univariate multinomial Logistic 

regression model showed that high adjusted BPA urinary  levels were more likely to be 

associated with short RTL and less likely to be associated with the long RTL 

(OR=2.794,95%CI=1.36-5.74, P= 0.005) in females subcohort only, but not in the 

whole BPA cohort. After full adjustment for age, BMI, and menopausal status, the 

association between BPA tertiles and RTL tertiles was still not statistically significant 

but it remained statistically significant in the case of the female sub cohort with 

OR=2.228, 95%CI= 1.06 – 4.7, P= 0.036 as shown in Table 14. 
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Table 13. Association of baseline characteristic of the whole cohort without creatinine-

adjusted urinary BPA outliers with RTL 

1
: one-way ANOVA, 

2
: chi square test, P<0.05 when compared to <1.06 (post hoc test 

Bonferroni) 

 

 

Figure 12.Percentage distribution of RTL by BPA adjusted to creatinine tertiles among 

all, P= 0.453 

 

 

RTL 
P 

<1.06 1.06-1.45 >1.43 

Age in years (mean ±SD) 48.82±14.72 43.7±14.58 42.54±15.22 0.001
1 

BMI Kg/m
2
(mean ±SD) 29.93±5.81 28.88±5.7 28.47±6.04 0.088

1 

Gender N (%)Males 

Females 

58(38.9) 

91 (61.1) 

59 (39.6) 

90 (60.4) 

52 (34.9) 

97 (65.1) 
0.664

2 

Urinary creatinine mg/dL 

(mean±SD) 177.13±85.9 178±84.27 190.27±87.76 0.383
1
 

Current SmokersYes N (%) 67 (45) 77 (51.7) 53 (35.6) 0.019
2 

Current Alcohol drinkersYes N 

(%) 31 (20.8) 35 (23.5) 23 (15.4) 0.208
2 

Postmenopausal status Yes N (%) 52 (57.1) 41 (45.6) 32 (33) 0.004
2 
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Figure 13. Distribution of RTL among adjusted BPA tertiles in females only P=0.034 
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Table 14. Association of adjusted urinary BPA tertiles with RTL tertiles using a univariate and multivariate multinomial logistic regression 

model 

 *Multivariate: BMI, age, 
#
 multivariate: BMI, age, menopausal status 

 

 

 

  Univariate Multivariate
 

  RTL< 1.06 RTL 1.06 - 1.45 RTL< 1.06 RTL 1.06 - 1.45 

  OR (95%CI) P OR (95%CI) P OR (95%CI) P OR (95%CI) P 

All* >2.17 

2.17- 1.15 

<1.15 

1.469 (0.84-2.56) 

1.606 (0.91-2.83) 

1 

0.175 

0.101 

 

1.031 (0.59-1.79) 

1.298 (0.75-2.26) 

1 

0.914 

0.355 

1.206 (0.68-2.14) 

1.665 (0.94-2.96) 

1 

0.522 

0.083 

0.985 (0.56-1.73) 

1.307 (0.75-2.27) 

1 

0.958 

0.342 

 

Females
# 

>2.17 

2.17- 1.15 

<1.15 

2.794 (1.36-5.74) 

2.818 (1.28-6.22) 

1 

0.005 

0.1 

1.158 (0.59-2.26) 

1.332 (0.64-2.79) 

1 

0.667 

0.446 

2.228 (1.06-4.7) 

2.794 (1.24-6.27) 

1 

0.036 

0.013 

1.037 (0.52-2.06) 

1.319 (0.627-2.77) 

1 

0.918 

0.465 
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D. Association between RTL and breast cancer risk 

The mean RTL of females controls was 1.42 ± 0.76 compared to cases with a 

mean RTL of 0.41 ± 0.1 and the difference was statistically significant using 

independent sample t-test with a P of 0.00, whereby breast cancer females have shorter 

mean RTL than that of controls (Figure 14). Binary logistic regression showed that 

with each one unit increase in RTL, it is less likely to have breast cancer with OR= 

0.25, 95%CI= 0.167-0.375, P= 0.00. By comparing the different baseline characteristics 

of controls and cases, we found that age (P= 0.003), current smoking status (P= 0.034) 

and current alcohol drinking status (P= 0.00) were statistically significantly different 

and we needed to adjust for them. After adjustment for age, current smoking status, and 

current alcohol drinking status, the difference in RTL was still statistically significant 

whereby for each one unit increase in RTL, it is less likely to have breast cancer with 

OR= 0.214, 95%CI= 0.128-0.358, P= 0.00(Table 15). 

 

 

Figure 14. Comparison of mean RTL of non-breast cancer (N=319) versus breast 

cancer female patients (N=68) 
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Table 15. Unadjusted and adjusted odds ratio of breast cancer risk results of the 

univariate and multivariate binary logistic regression model 

# 
Multivariate binary logistic regression model adjusted for age, current smoking status 

and current alcohol drinking status 

 

E. Association between age and RTL 

All baseline demographics and cancer characteristics in the female breast 

cancer patients were analyzed to investigate any association with RTL. Only age was 

found to be statistically significantly associated with RTL (P= 0.01) and menopausal 

status was statistically significant with a P= 0.076, yet all other demographics and 

cancer characteristics were not significantly associated with RTL. (Table 16, Figure 

15). 

Older breast cancer patients had shorter relative telomere length in their 

peripheral blood compared to younger ones. In the whole BPA cohort, it was also 

shown that older women and men have shorter peripheral blood RTL than younger ones 

with a P= 0.025 and P= 0.034 in males and females subcohorts respectively. This 

shortening in telomere length was shown to be accelerated in the breast cancer women 

whereby the curve showed a steeper line. 

 

 

 Breast cancer 

RTL 

Univariate Multivariate
# 

OR (95% CI) P OR (95% CI) P 

0.25 (0.167-0.375) 0.00 0.214 (0.128-

0.358) 
0.00 
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Table 16. Association between breast cancer characteristics and RTL 

 

 

 

 

 

 

 

 

 

 

 

 

Figure15.Correlation between ageand RTL in breast cancer patients (P= 0.01) 

 

This line represents the correlation between age and relative telomere length in the 

breast cancer cohort with a line eqaution:y= -0.0025x+0.5381, R
2
= 0.1002. 
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Age of breast cancer females 

 RTL 

 Β P 

Age -0.317 0.01 

BMI -0.155 0.234 

Smoking Status 0.049 0.702 

Alcohol status 0.137 0.282 

Postmenopausal -0.222 0.076 

ER status 0.117 0.355 

PR status 0.151 0.233 

Grade -0.014 0.757 

Pathology type -0.135 0.288 

T -0.095 0.453 

N 0.091 0.48 
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CHAPTER IV 

DISCUSSION AND CONCLUSION 

 

In this study, we found that high levels of non-adjusted and creatinine adjusted 

urinary BPA were significantly associated with shorter relative telomere length in the 

female subcohort. To our knowledge, this is the first study to evaluate the association of 

BPA levels with relative telomere length of peripheral blood in humans, and there is an 

in vitro study on MCF-7 cells, showing that BPA induces telomeric associations that are 

due to telomere loss causing chromosome end fusions (Roy et al., 1998; Bayne et al., 

2008).Moreover, a study on MDA-MB-231 ERα negative cell lines, showed that BPA 

induced DNA damage through reactive oxygen species (ROS) production, and up-

regulated c-Myc, which is a cell-cycle regulator protein, leading to increased cell 

proliferation. Both increased ROS production and cellular proliferation may contribute 

to telomere shortening (Pfeifer, Chung, & Hu, 2015).  Another interesting study done on 

C. elegans, a nematode with homologues identified for 60-80 % of human genes 

(Kaletta & Hengartner, 2006), showed that treating with low doses of BPA caused a 

down-regulation in mrt-2 checkpoint gene that is involved in telomere replication, and 

hence its down-regulation causes loss in telomere repeats and increase in chromosomes 

end fusion (Allard & Colai+ícovo, 2010). In addition, aging is associated with shorter 

relative telomere length which may be a confounding factor for menopausal status. 

We also found that short relative telomere length in peripheral blood of breast 

cancer females is associated with increased breast cancer risk. These results were 

consistent with other studies. For example, Shen et al. found that the shortest peripheral 
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blood telomere quartile of younger or pre-menopausal women was associated with 

increased risk of breast cancer risk in a large cohort of 1,108 controls and 1,061 cases, 

and this study used the same method we adopted for measuring relative telomere length 

(Shen et al., 2009). Similar results were seen in Levy et al.’s study which was the first to 

show the association between short telomere length of white blood cells and breast 

cancer risk using Southern blot assay, but no association was seen between age and 

relative telomere length (Levy et al., 1998). 

Telomeres are very important for the genomic stability, thus reduction in 

telomere length causes an increase in genomic mutations and chromosomes end fusion. 

Telomere reduction takes place during each cell division in human somatic cells that 

have repressed telomerase activity. When the telomere length reaches a critical level, 

the cell must die in order to avoid any further threat to the genome, and this phase is 

known as telomere crisis. A study found that the telomere crisis takes place during the 

transition from usual ductal hyperplasia (UDH) to ductal carcinoma in-situ (DCIS) 

which is accompanied with an increase in genomic instabilities and incidences of 

anaphase bridges. That is why shorter telomere length was found in (DCIS) tissues 

compared to (UDH), and even shorter telomere length was found in invasive cancer 

tissues. Although telomerase is activated in cancer cells, short telomere length may be 

due to the fact that telomerase is acting only on the chromosomes with the shortest 

telomere length rather that stabilizing the whole telomeric subsets (Chin et al., 2004). 

There are also other mechanisms that may explain these findings. For instance, 

it was found that shortening of telomere length was associated with an increase in the 

expression of telomere-associated proteins such as TRF1, TRF2, or TIN2 in breast 

cancer tissues. These proteins bind to the telomeric end, hence inhibiting telomerase 
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access. Interestingly, these telomere-associated proteins were found to be up-regulated 

during stress and inflammation. This can be a potential pathway for BPA to shorten 

telomere length, since in in-vivo and human association studies, BPA was found to 

increase oxidative stress, corticosterone levels and inflammatory markers (Yang et al., 

2009; Poimenova et al., 2010). BPA acts on glucocorticoid receptors (Sargis et al., 

2010). 

Furthermore, two signaling pathways are very important for regulating cell 

cycle and proliferation. The first pathway is the p53/p21 pathway, p53 being a tumor 

protein and p21 a cyclin-dependent kinase inhibitor. Both proteins regulate cell cycle 

leading to cellular apoptosis. When this pathway is halted, the cell continues on 

replicating regardless of critical telomere shortening. The other pathway is the p16/RB1 

pathway, whereby p16 being another type of cyclin-dependent kinase inhibitor that 

avoids the inactivation of the retinoblastoma protein (pRb). When this pathway is 

inactivated, the cells no more progress from the G1 phase into the S phase, and thus 

leading to cell cycle arrest which may be an early event in breast cancer progression. 

The end result of cells escaping these two pathways is further shortening in relative 

telomere length, activation of telomerase enzyme, and subsequent genomic alterations 

leading to a cancerous cell. It was found that hyper methylation at the promoter sites of 

TP53, P21, and P16 genes was significantly associated with shorter telomere length in 

breast cancer tissues compared to adjacent normal ones (Radpour et al., 2010). 

Moreover, shorter telomere length in breast cancer blood and tissues is due to the 

increased proliferative capacity of breast cancer cells and these cells might be exhibiting 

lower telomerase activity than cancer cells with longer telomere length (Chin et al., 

2004).  
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Despite the above positive results and their potential explanations, others did 

not find any association between relative telomere length and breast cancer risk 

(BARCZAK et al., 2016a; De, I et al., 2009; Zheng et al., 2010). These results raised an 

important question whether one should be looking at the length of the 92 telomeres in 

the whole chromosomes, or look at specific ones. This is because it was shown that 

chromosome end fusion in breast cancer does not happen randomly; as a matter of fact, 

certain chromosome arms such as: 9p, 15p, 15q and Xp were found to be frequently 

abnormal in blood of breast cancer pre-menopausal women(Zheng, Zhou, Loffredo, 

Shields, & Sun, 2011). 

To make things even more complicated, and contrary to our results, others 

found an association between longer relative telomere length in peripheral blood and 

breast cancer risk (Svenson et al., 2008; Gramatges et al., 2010). For example, Svenson 

et al. showed that longer telomere length in the blood of breast cancer patients could be 

due to the high telomerase activity in breast cancer cells after telomere crisis occurs. In 

addition, the brother of the regulator of imprinted sites (BORIS), was found to be up-

regulated in cancer cells. BORIS acts by inhibiting CTFC (CCCTC-binding factor) that 

negatively regulates hTERT expression and hence BORIS indirectly activates 

telomerase enzymes. Moreover, circulating cytokines that can activate telomerase such 

as: interleukin 2 (IL-2),IL-4, IL-6, IL-7, IL-10, and IL13 were found to be higher in 

breast cancer females serum compared with controls. However, Svenson et al. was 

criticized for measuring the relative telomere length of the cases and some of the 

controls from the buffy coat of their blood samples while using granulocytes for 

measuring telomere length of the remaining controls (1/3). Granulocytes normally have 

shorter telomere length compared to lymphocytes in buffy coat and thus this may be the 
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cause of long relative telomere length association with breast cancer (Svenson et al., 

2008).    

Herein, we present the first study that evaluates the association between urinary 

BPA levels and relative telomere length in peripheral blood of humans. Moreover, it is 

the first study in Lebanon to evaluate the association between relative telomere length 

and breast cancer risk using peripheral blood before treatment initiation. The BPA 

cohort consisted of a large sample size (around 500 individuals) and hence a better 

representation of the Lebanese population. Quantitative real time PCR was used for 

measuring relative telomere length from the peripheral blood. It is an economical, high-

throughput, and sensitive method that measures telomere length from nanograms of 

DNA. In contrast, to telomere restricted fragment assay by Southern blot, the method 

we used does not measure the sub-telomeric part of the DNA, which usually varies 

between individuals (Cawthon, 2002). 

Despite the strength, the study suffers from some limitations. For instance we 

did not measure the 24-h urinary output volume, and hence we could not calculate the 

daily intake of BPA (ng/kgday) in the Lebanese individuals according to this equation: 

urinary BPA (ng/ml)* urinary output (ml/day)/body weight (kg) (LaKind & Naiman, 

2011). Moreover, there are other residual and uncollected confounders that may have an 

effect on telomere length but not taken into account.  Another thing is that the BPA 

levels were not measured in the breast cancer cohort. A major limitation in the breast 

cancer cohort is that the peripheral blood was collected after diagnosis with breast 

cancer and before treatment initiation where telomere shortening may be due to the 

influence of breast cancer itself and not a risk of getting breast cancer.  
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Further experimental plans, we are planning to measure relative telomere 

length from breast cancer and adjacent normal tissues. We are also in the process of 

measuring relative telomere length in cell-free circulating DNA that is shed from 

cancerous cells. For instance in this study, relative telomere length was measured from 

peripheral blood that includes leukocytes and cell-free circulating DNA and it would be 

interesting to look at cell-free circulating DNA alone. In addition, subsequent in-vitro 

studies are to be done on different cell lines such as MCF-10A (human breast epithelial 

cell line), MCF-7 (an estrogen receptor positive human breast cancer cell line) and 

MDA-MB-231 cells (an estrogen receptor negative human breast cancer cell line) to test 

the effect of BPA on telomere length with and without an estrogen inhibitor to validate 

whether the potential effect of BPA on telomere length takes place through binding to 

the estrogen receptor. Finally, we are planning to measure telomerase activity as well in 

breast cancer females’ peripheral blood and tissues and in cancer cell lines. 

In conclusion, this is the first study to show an association between high 

urinary BPA levels and shortening of telomere length in peripheral blood of Lebanese 

women. In addition, shorter telomere length in peripheral blood was associated with an 

increase in breast cancer risk in Lebanese women. Many studies have found that BPA is 

capable of inducing tumorigenesis in mammary glands in animal models and short 

telomere length was found to increase the risk of breast cancer. BPA can thus be a 

potential risk of breast cancer and telomere length may be recognized as a future 

biomarker for breast cancer diagnosis and prognosis which needs in both cases further 

studies to be done. 
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