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Abstract

Breast cancer is the leading cause of mortality among women globally, including in
Bangladesh, which reports over 13,000 cases annually. This study inquired about the
recurrence and impact of the LEPR (Q223R) polymorphism in patients of breast cancer from
Bangladesh. The leading purpose of this research is evaluating the repetition of this genetic
variation in individuals with breast cancer and healthy controls groups, looking into its
probable impact on the likelihood of developing cancer. PCR-RFLP method was utilized to
perform genotyping of 10 breast cancer patients and 10 healthy controls. The final outcomes
showed that the GG genotype was prevalent in both groups, and no substantial association was
detected between the (Q223R) polymorphism and an increased hazard of breast cancer. This
study aids in understanding the genetic elements that lead to the onset of breast cancer and
emphasizes the necessity for additional studies to inspect the role of the LEPR (Q223R) variant

in this subset.

Keywords: LEPR; Genetic Susceptibility; LEPR Q223R Polymorphism; Breast Cancer; PCR-
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Chapter 1

Introduction

Breast cancer is the most prevalent malignancy among women, ranking second globally in
incidence and fifth in mortality (Lei et al., 2021). Every year almost 10% of patients are
diagnosed with this (Wilkinson & Gathani, 2022). Without causing noticeable symptoms breast
cancer consistently progresses. In 2018, an anticipated 9.6 million fatalities contributed to a
global cancer burden of 18.1 million new cases in previous years (Hafez & Mohamed, 2022).
The International Agency for Research on Cancer (IARC) indicates that annually, over 13,000
women in Bangladesh are diagnosed with breast cancer, with more than 7,000 succumbing to
the illness (Howlader et al., 2020). The International Agency for Research on Cancer (IARC)

reported 12,764 new cases of breast cancer in Bangladesh in 2018 (Tasdida Shamsi, 2021).

By the end of 2015, breast cancer had surpassed all other cancers in Bangladeshi women
(Begum et al., 2019). 69% of women in Bangladesh have passed away as a direct result of this,
which has placed a significant burden on the country's healthcare facilities (Sarker et al., 2022).
Breast cancer affects 22.5 out of every 1,00,000 women in Bangladesh (Begum et al., 2019).
This numbers the number of women that are affected by the disease. If we compare this cancer
to others, we see that it disproportionately affects women 15—44 years old (Tasdidaa Shamsi,

2021).

Women are diagnosed with breast cancer, the most frequent type of cancer. Breast cancer is
the most frequent sort of cancer and is something that one has a lifetime chance of having.
Despite being a rather prevalent disease, the precise causes of breast cancer are not fully known.
Numerous factors, such as the age at which a woman enters menstruation for the first time

(menarche) and the age at which she enters menopause, dietary habits, reproductive history,



oestrogen consumption, and genetic predispositions, have been proposed as potential risk
drivers (Sun et al., 2017). A higher body weight also seems to be linked to the development of
mammary or breast tumors (Cleary et al., 2010). Researchers have asserted that women who
have gone through menopause are more likely to get breast cancer if they are obese (Garcia-
Estévez et al., 2021). Four main ways that being overweight or obese is connected to getting
breast cancer are through leptin and its receptors, fatty tissue inflammation that lasts for a long
time, changes in sex hormones, and communication through insulin and IGF-1. These pathways
contribute to an increase in the amount of the adipokine leptin that is found in white adipose
tissue. Additionally, these mechanisms contribute to the promotion of low-grade chronic
inflammation (Snoussi et al., 2006). This causes an imbalance of energy and sets off signalling

pathways that make cytokines and inflammatory mediators (Atoum & Hamaid Alparrey, 2022).

A key role in the regulation of body weight is played by the hormone leptin, which has a
molecular weight of 16 kilodaltons and is mostly produced by white adipose tissue. Leptin has
an effect on the amount of food that is consumed as well as the amount of energy that is utilized
(Fantuzzi, 2005). Leptin not only regulates body weight, but also has an impact on
hematopoiesis, reproduction, angiogenesis, and immunological functions (Zhang & Scarpace,
2006). In a successful endeavor, Zhang and Scarpace were able to effectively clone and
sequence the leptin gene, which is the human equivalent of the rat obese gene (OB). This
particular gene can be found on chromosome 7q31.3 as well as the production of a messenger
RNA with 4.5 kilobases in adipose tissue (Snoussi et al., 2006). The leptin receptor, a member
of the class I cytokine receptor family, is crucial for regulating the physiological effects of
leptin. The presence of the leptin receptor was first recognized in the brain. Further study has
indicated that leptin is also present in other organs, including the liver, immune cells, placenta,
endometrium, and stomach (Lei et al., 2021). Furthermore, Ob-R expression has been identified

in pathological tissues, including brain and pituitary tumors, hepatocellular carcinoma, gastric



cancer cells, and breast cancer (Jardé et al., 2008). In addition, leptin is involved in the
epithelial-mesenchymal transition, which facilitates the movement and dissemination of cancer
cells (Krause et al., 2012). Moreover, leptin alters the functions of insulin-like growth factor-
I, HER2/neu, and epidermal growth factor receptor (Ray et al., 2007). The initiation,
development, and dissemination of breast cancer are all linked to the leptin-mediated signaling
network. Elevated blood levels of leptin or the expression of leptin receptors are correlated
with lymph node involvement, metastasis, and a poor prognosis (Atoum & Hamaid Alparrey,

2022).

Moreover, Leptin facilitates the proliferation of both estrogen-dependent and estrogen-
independent breast cancer cells. Research indicates that leptin concentrations of 25—-100 ng/ml
activate the STAT3 (Signal Transducer and Activator of Transcription 3) and MAPK
(Mitogen-Activated Protein Kinase) pathways, facilitating the proliferation of T47D breast
cancer cells and non-transformed HBL100 mammary epithelial cells (Cirillo et al., 2008).
Leptin does not facilitate anchorage-independent proliferation in HBL100 cells. Cell lines
expressing estrogen receptors (MCF7, T47D, MDAMB361) and those lacking them

(MDAMB231, SKBR3) are both encouraged to proliferate by leptin (Cirillo et al., 2008).

STAT3 interacts with nuclear receptor coactivator (NCoA) 1, recruiting transcriptional
activators to gene promoters to boost cell development, according to one study (Takahashi et
al., 2017). Through STAT3 and histone acetyltransferase activity, leptin also upregulates cyclin
D1 and transactivates its promoter (Saxena et al., 2007). The advancement of the cell cycle
stimulated by leptin correlates with elevated amounts of cyclin-dependent kinase 2 (CDK?2)
and cyclin D1, with the inactivation of the cell cycle inhibitor retinoblastoma protein (pRb) via
excessive phosphorylation (Ando & Catalano, 2012). Leptin possesses the unique capacity to

not only promote cell proliferation, but also induce cellular metamorphosis in T47D breast



cancer cells, a phenomenon that is absent in typical mammary epithelial cells (Garofalo et al.,

2006).

There are a number of genes that are involved in the expression and regulation of leptin.
Variations in these genes have the potential to change the levels of leptin and/or the activity of
leptin at the receptor location. The LEPR polymorphism Q223R (rs1137101) is a frequent
variant that is thought to be associated to a lower ability of the leptin receptor to transfer signals,
which is of functional significance. This is a condition that has been linked to a number of
different diseases. It has been established that the presence of homozygous variation AA is

associated with higher levels of leptin in the blood circulation (Dallal et al., 2013).

The location of the LEPR gene is on chromosome Ip31 in humans. Recently there has
been widespread inquisitions into the LEPR gene to unlock any variants that may have a factual
impact on the development of human obesity. The LEPR gene has been exhibited to possess
SNPs (single nucleotide polymorphisms), among which is a specific one called Q223R. Within
the region of the leptin receptor the Q223R polymorphism is a situation which encodes the
extracellular domain. This polymorphism turns into the substitution of glutamine with arginine
at the place of LEPR protein. The Q223R polymorphism is connected to a decline in the
efficiency of leptin to attach, resulting in the development of leptin resistance (Becer et al.,
2013). The binding of leptin to its receptor is disrupted by the Q223R polymorphism. There is
a substitution of a nucleotide with a G nucleotide at exon 6, more precisely at nucleotide 668
and codon 223 of the start codon. This is the effect of the substitution (Atoum & Hamaid

Alparrey, 2022).

The fundamental objective of this research project, which is titled "Assessing the Prevalence
and Impact of Leptin Receptor Q223R Polymorphism in Bangladeshi Breast Cancer Patients,"

is to establish a connection between the Q223R polymorphism in the leptin receptor (LEPR)



gene and a healthy control group that is comprised of breast cancer patients. Besides, the study
is aimed at addressing the probable impact of this genetic variation on the vulnerability and
advancement of breast cancer in the population of Bangladesh. This project pursues to offer
widespread genetic analysis which can help to identify the causative factors for breast cancer
by utilizing the Restriction Fragment Length Polymorphism (RFLP) process. Furthermore, the
objective of this project is to emhance the consciousness of the reasons associated with breast
cancer among women, thereby performing initial detection and prevention measures. By
recognizing genetic markers such as the Q223R polymorphism, the research can provide
information about personalized screening methods and preventive measures, thereby

expanding elevated health outcomes of women in Bangladesh.



Chapter 2

The Methods and the Materials

2.1 Approach Participants and Ethical Considerations

There was a total of 20 female participants who took part in this investigation. Among them 10
being breast cancer patients and another 10 being healthy control groups. IRB (Institutional
Review Board) of BRAC University has granted ethical approval of this study as a B. Pharm.
final year thesis project. Each and every individual was provided with comprehensive
information regarding the objectives and procedures of the study before they agreed to take

part in it.

2.2 Collection of Sample

The National Cancer Research Institute Hospital in Mohakhali, which is located in Dhaka, was
the location where samples of breast cancer cases were collected in the year 2022. All the breast
cancer patients, who were confirmed through histological examination, came from different
parts of Bangladesh. Demographic and lifestyle data, such as age, weight, height, and smoking
status, were collected through comprehensive personal interviews conducted by two skilled
nurses after all diagnostic tests were finished. The control group consisted of 10 healthy
females from various regions of Bangladesh, all of whom had no previous incidence of breast
cancer. All participants were mandated to fulfill the subsequent inclusion criteria: a confirmed
diagnosis of breast cancer (for the patient cohort), lack of any familial history of breast cancer,
a minimum age of 18 years, and identification as female. The exclusion criteria encompassed
individuals who were below 18 years old, or had significant physical ailments, and were either

pregnant or had other concurrent problems.



2.3 Data Documentation

A standardized questionnaire was utilized to thoroughly detail the features of both cases and
controls. This encompassed comprehensive data regarding the individual's medical history,

demographic characteristics, and lifestyle behaviour.

2.4 Procedures Conducted in a Laboratory

Genomic DNA Extraction

Peripheral blood samples were acquired through venepuncture and collected in sterile
vacutainer tubes with 3 ml of blood and ethylenediaminetetraacetic acid (EDTA)-Na2 as an
anticoagulant. The FavorPrep™ Blood Genomic DNA Extraction Kit (Favorgen Biotech
Corporation, Taiwan) was utilized to extract genomic DNA from blood samples in accordance
with the manufacturer's instructions. The obtained DNA was preserved at a temperature of 4°C

until it could be further analyzed.
Analysis of PCR-RFLP

For the purpose of carrying out the procedure of genotyping the LEPR (Q223R) polymorphism,
the Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP)

instrument was applied. The type of primers implemented here is mentioned below-

e Sense: 5-ACCCTTTAAGCTGGGTGTCCCAAATAG-3'
o Anti-sense: 5'-"AGCTAGCAAATATTTTGTAAGCAATT-3'

The installations of polymerase chain reaction (PCR) amplification are given below-

o Initial denaturation: A preliminary denaturation phase commenced at 94°C for 4 minutes.
e Protocol of thermal cycling: Denaturation was conducted for 40 cycles at a constant
temperature for 30 seconds, while annealing occurred at 58°C for 30 seconds, and extension

was executed at 72°C for 30 seconds.



o Final extension: Final extension was achieved by maintaining a temperature of 72°C for 10

minutes.

The PCR results were examined using electrophoresis on a 1% agarose gel to confirm the
successful amplification of the targeted fragments. Following the completion of the polymerase
chain reaction (PCR), the samples were subjected to digestion using the Mspl restriction
enzyme (New England Biolabs), which specifically targets the LEPR gene. The digestion
process was conducted for 16 hours, subsequently followed by electrophoresis on a 3% agarose
gel to isolate the fragments.
By analyzing the following band patterns, the Q223R polymorphism was uncovered-
e The AA homozygous genotype is defined by the presence of two bands at 291 bp and
125 bp.
e The AG heterozygous genotype is defined by the presence of three bands at 416 bp,
291 bp, and 125 bp.
o The GG homozygous genotype is defined by the presence of a single band at 416 bp.
The genotypes of breast cancer patients and control participants were determined by analyzing

the digestion patterns found on the agarose gel.

Statistical methods to do quantitative analysis of data

For the purpose of carrying out the statistical analysis, the computer program Statistical
Package for Social Sciences (SPSS) version 16.0 (SPSS Inc., Chicago, Illinois) was utilized.
In order to compare the distribution of Q223R LEPR polymorphisms between individuals who
have breast cancer and individuals who do not have breast cancer, the Chi-squared test was
utilized. Odds ratios (OR) and confidence intervals (CI) with a 95% level of certainty were

utilized in order to evaluate the connection between the case group and the control group.



Additionally, a one-sample t-test was utilized in order to ascertain the average levels of leptin
in breast cancer patients who possessed the Q223R LEPR polymorphism. This was done in
order to differentiate between persons who were obese and those who were not fat. It was

determined that a p-value that was lower than 0.05 was statistically significant.



Chapter 3

Result

Every genotype falls within the range of the Hardy-Weinberg equation, which has a p-value

of 1 and a Chi square value of 0.0277 (Table 1).

Mspl polymorphism and its respective genotype are presented.

Table 1: In the control group, the results of the Hardy-Weinberg equilibrium test for the

Genetic Constitution Observed value | Expected value | X? p-value
AA 0 0.025 0.0277 1

AG 1 0.95

GG 9 9.025

total 10 10

statistically significant.

This test was a Chi square (X2) analysis. P-values that were less than 0.05 were regarded as

The frequencies of the AA, AG, and GG genotypes (0, 10, and 90, respectively) among females

with breast cancer are presented in Table 2. The absence of counts for the AA genotype

rendered the calculation of the odds ratio infeasible for AA as a reference in a conventional

manner. No statistically significant difference was seen between breast cancer (n=10) and

10




control (n=10) for the GG genotype (OR=1.0; 95% CI=0.054 to 18.575; p=1) in comparison to
the AG genotype. The extensive confidence interval signifies considerable uncertainty, a

frequent occurrence with limited sample sizes.

Table 2: Comparison of Genotype Frequencies, Odds Ratios, and 95% Confidence Intervals

between Breast Cancer Cases and Controls.

SNP/Allele Case in | Control in | OR (95%CI) p-value

percentage (%) | percentage (%)

AA 0 (0%) 0 (0%) Ref 1
AG 1 (10%) 1 (10%) N/A 1
GG 9 (90%) 9 (90%) 1.0 (0.054 - 18.575)

AA serves as the reference genotype; a p-value of less than 0.05 was deemed statistically

significant.

The p-values in the table indicate that none of these results are statistically significant at the

0.05 level.
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Fig 1: Image of gel electrophoresis depicting a DNA ladder (100 bp)

Fig 2: Image of gel electrophoresis illustrating the LEPR Q223R gene polymorphism

identified in the Breast Cancer (Case) group post-digestion.

Fig 3: Image of gel electrophoresis illustrating the LEPR Q223R gene polymorphism

identified in the Healthy Volunteer (Control) group post-digestion.
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Chapter 4

Discussion

The objective of the research project that was given the title "Assessing the Prevalence and
Impact of Leptin Receptor Q223R Polymorphism in Bangladeshi Breast Cancer Patients " was
aimed to ascertain the presence or absence of the Q223R polymorphism in the leptin receptor
(LEPR) gene is present among women in Bangladesh and to investigate whether or not it is
associated with breast cancer. For the aim of providing dynamic information into the genetic
determinants that influence breast cancer susceptibility and development in this particular
cohort, the findings of this study contribute to a more comprehensive understanding of breast

cancer genetics.

4.1 Prevalence of the LEPR Q223R gene polymorphism

The results that were obtained from the genotyping that was carried out in this study indicated
that there was a considerable prevalence of the GG genotype in the case of breast cancer
patients as well as in the healthy control group. Specifically, this particular gene was exhibited
by 90% of the people in both groups. Amongst the two groups, AA genotype was notably
absent but AG genotype was observed in 10% of the participants. Taking into consideration
the distribution that has been presented here, it indicates that the Q223R polymorphism is not
extremely prevalent in this population. The frequency of particular polymorphisms might vary
greatly from one ethnic group to another, which is compatible with these findings, which are

consistent with the observed genetic variance in distinct ethnic groups.

13



4.2 Correlation with the probability of developing breast cancer

The statistical analysis revealed no significant link between the Q223R polymorphism and the
likelihood of getting breast cancer in the studied population. The odds ratio (OR) for the GG
genotype relative to the AG genotype was 1.0 (95% confidence interval [CI]: 0.054 to 18.575;
p=1), indicating no increased risk linked to this genetic variation. The lack of the AA genotype
in both the breast cancer patients and the control group prevented a direct comparison with this
reference genotype, which complicates the interpretation of the results. The broad confidence
interval indicates a significant amount of uncertainty resulting from the limited sample size,

emphasising the necessity for conducting larger research to validate these results.

4.3 Biological Consequences of LEPR Polymorphism

Notwithstanding this fact, the study did not demonstrate any significant correlation between
the LEPR Q223R mutation and breast cancer; still, the biological implications of leptin and its
receptor in cancer formation remain highly intriguing. Fat cells produce the hormone leptin
which has a very important role in metabolism, energy level and controlling hunger.
Additionally, many physiological processes are linked with leptin which includes

haematopoiesis, reproduction, angiogenesis, and modulation of immunological response.

The binding of leptin to its receptor, known as Ob-R, which belongs to the class I cytokine
receptor family, is the mechanism by which leptin is able to exercise its regulatory effect. This
receptor can be found in a wide number of tissues, such as the brain, liver, immune cells,
placenta, endometrium, and stomach, among others. In addition to that, it can be found in
tissues that are healthy, such as breast cancer cells. One of the many signaling pathways that
are engaged as a result of the interaction between leptin and its receptor is the Janus
kinase/signal transducer and activator of transcription (JAK/STAT) route. Another pathway

that is activated is the mitogen-activated protein kinase (MAPK) pathway (Ben-Eliezer et al.,
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2007). The most significant function of these pathways includes regulation of cell growth,

specialisation, and viability.

4.4 Leptin and Breast Cancer

One of the most important factors in the development of cancer is the fact that leptin is
responsible for facilitating the proliferation of breast cancer. Several distinct systems, some of
which are dependent on estrogen and others of which are not dependent on estrogen, are
responsible for the effects that this causes. Evidence suggests that leptin has the capacity to
stimulate the proliferation of breast cancer cell lines that express estrogen receptors, including
those that express estrogen receptors positively (MCF7, T47D, and MDAMB361) and those
that express estrogen receptors negatively (MDAMB231, SKBR3) (Dubois et al., 2014). This
is accomplished by leptin through the activation of important signaling pathways, such as
STAT3 and MAPK, which play a significant role in the regulation of cell growth. Furthermore,
leptin has the ability to interact with other carcinogenic factors, such as insulin-like growth
factor-1 (IGF-I), epidermal growth factor receptor (EGFR), and HER2/neu, which results in the

acceleration of the growth of tumors.

The Q223R polymorphism in the LEPR gene, located on chromosome 1p31, causes the
substitution of glutamine (Q) with arginine (R) at position 223 in the receptor's extracellular
domain (Vauthier et al., 2012). There is a probability that this change will further cause leptin
resistance by reducing its effectiveness of receptor signaling and binding. In case of human
obesity, leptin resistance is present where increased levels of leptin in blood do not show the
desired physiological responses. A significant correlation exists between obesity and

postmenopausal breast cancer. Leptin resistance may enhances this chance by causing long-
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term inflammation, messing up metabolic homeostasis, and changing sex hormone levels

(Pérez-Pérez et al., 2020).

4.5 Limitations of the Study and Suggestions for the Future

When considering the results of this study, it is important to keep in mind that it may have
some limitations. One of the most significant limitations of the study is that the sample size
was rather small, which has an effect on both the statistical power of the study and the extent
to which the findings may be practically applied. As the existence of AA genotype was not
found in the population under investigation, it was quite complicated to carry out thorough
investigation into all possible genotypic variants. Additionally, this study merely focused on
Q223R polymorphism and it didn't concentrate on any other polymorphisms within the LEPR
gene or any other genes that are involved in leptin signaling that might be significant.

In further studies, it is consulted that the study should have the objective of adding a larger and
more diversified cohort with the aim of improving the vigor and validity of the findings. It may
be possible to obtain a more thorough understanding of the genetic factors that contribute to
breast cancer susceptibility by expanding the scope of the genetic research to include more
polymorphisms and genes that are involved in the leptin signaling pathway. Furthermore, the
combination of genetic information with other factors that may be responsible for the
development of breast cancer, such as environmental exposures, lifestyle variables, and
hormone profiles, has the potential to provide a more comprehensive knowledge of the

complex characteristics of breast cancer.

The research project, titled "Assessing the Prevalence and Impact of Leptin Receptor Q223R
Polymorphism in Bangladeshi Breast Cancer Patients," has been made substantial.
contributions in the field of breast cancer genetics by providing vital information. With a view

to understanding their possible role in disease susceptibility and progression, this study
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illuminates the significance of examining genetic variations in different populations. While the
Q223R mutation did not demonstrate a substantial association with breast cancer predisposition
in this particular cohort, the study emphasizes the importance of establishing such a correlation.
Continuing research in this segment is necessary because of discovering genetic markers that
can be utilized to develop customized screening, preventive, and treatment measures, which

will consequently result in enhanced health outcomes for women in Bangladesh and globally.
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Chapter 5

Conclusion

This thesis project proposed to supervise the prevalence and potential impact of the LEPR
Q223R polymorphism on the susceptibility of Bangladeshi women to breast cancer. The
specific genetic factors which are contributing to breast cancer in the Bangladeshi population,
widely acknowledged as a major public health concern, have not yet been thoroughly
examined. This study’s objective is to address the lack of information by investigating the
potential correlation between the Q223R mutation in the leptin receptor gene and an elevated

vulnerability to breast cancer.

The results indicated that the GG genotype was prevalent in both the breast cancer patient
cohort and the healthy control group. Conversely, there is no statistically significant association
between the Q223R polymorphism and the likelithood of developing breast cancer. The
project's results indicate that the Q223R polymorphism has no significant impact on breast
cancer risk. Nonetheless, the extent to which this data can be generalized is constrained due to
the absence of the AA genotype among the subjects. The limited sample size of this study is

likely accountable for this outcome.

Leptin remains an important element in the research of breast cancer due to its extensive
involvement in biological processes which includes angiogenesis, cell proliferation and
carcinogenesis (Mertens et al., 2023). This study does not have the effect of lowering the
potential significance of leptin and its receptor in the biology of breast cancer. This is the case
despite the fact that the study did not have a considerable amount of data. Instead, it places an
emphasis on the significance of performing a study that is more diverse, with a sample size that

is both larger and more diverse, in order to investigate the association between the
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polymorphisms in leptin receptor genes and the likelihood of developing breast cancer in the

Bangladeshi community among the population.

When carrying out additional research, it is essential to keep in mind that the potential
connection exists between genetic predispositions and environmental, lifestyle, and dietary
factors. In addition, a greater number of genetic markers which ought to be included in this
research project. Approaches that take into account everything could potentially result in a
more comprehensive knowledge of the factors that contribute to the development of breast
cancer. This eventually will trun into the development of various screening methods which are
more successful, as well as therapies and preventative strategies that are personalized enough
to fulfil the needs of specific Bangladeshi communities. The ultimate objective is to lessen the
impact of breast cancer in Bangladesh, which will ultimately result in an improvement in the

health of women. This will be accomplished once everything has been said and done.
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