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Introduction

The word Cancer is used to refer cluster of many different associated diseases
and it can occur in almost the entire body. In every cancer, the cells, which are the
basic units of human body begin to divide without stopping and form a clump of
cells referred to as tumor. A tumor is not always cancerous, but can be benign as well
when the cell grows but does not spread. A tumor is said to be cancerous (malignant)
when they have the ability to multiply and propagate to any other location in the
body. All cancers do not form a solid tumor and those are the cancers of the blood.

Cancers are of different types and are normally named after the organ or
tissues they have originated. For example: Breast Cancer (BC), Prostate Cancer and
Lung Cancer start from the cells of breast, prostate and lung, respectively. The word
Carcinoma refers to the cancers of epithelial cells that are found lining the interior
and exterior boy surfaces. Of all the cancer, the occurrence of carcinoma is most
common. Further they are group into distinctive types of cancer based on the
epithelial cell involved. Cancers of fluids or mucus producing epithelial cells are
called Adenocarcinoma. Basal cell carcinomas are those that begin in basal layer,
which is the lower region within the epidermis of the skin. Cancer that is formed by
the epithelial cells above the basal layer is called Squamous cell carcinoma. They are
sometimes referred to as epidermoid carcinomas. Lastly, cancer that is forms in the
transitional epithelium or urothelium is called Transitional cell carcinoma. The lining
of the ureters, bladder and a small region of the kidneys (renal pelvis) consist of
these tissues and cancers of these organs could be transitional cell carcinomas

(National Institute of Health, 2019).
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Breast Cancer

The breast is located in the chest pectoral muscles. Female breasts are mainly
composed of lobules, ducts and connective tissues. The lobules are a small structured
gland that produces milk. A cluster of lobules is called the lobes. These lobes
organized the breast into 15-20 sections. The duct is a network of tube or stem like
structure. The duct is connected to the lobule and supplies the nipples with the milk.
The area surrounding the nipple with a darker skin is called the areola. The
connective tissue supports and maintains the architecture of the breast. They are
mainly comprised of fat cells (fibrous and adipose tissue). The adipose tissue spread
all over the collarbone, under the arm and across to the middle of the ribcage.
Amount of fat content is responsible for the breast size (Human Anatomy, 2019;
Centers for disease control prevention, 2019).

A malignant tumor initiating from the breast cells, usually in breast lobules or
ducts is called BC. On a rare occasion, BC can also develop in the connective tissues.
This cancer cells are said to metastasize when they travel through the lymph node
and invade near and distant healthy tissues of the breast and other location in the
body. BC staging is based on the distance the cancer cells have spread from the

tumor origin (Breastcancer.org, 2019).

Types of Breast Cancer
Generally, BC is carcinomas, also referred in a more specific term as

Adenocarcinoma. Depending on the severity and site of cancer origin, BCs are of
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several types. If the cancer remains in the original site, they are referred as “In situ”
and the term “Invasive or infiltrating” is used to represent when the cancers
had invaded the nearby tissues. The name of the tissues or cells used to show the
location of cancer initiation. For example, it could be a ductal or lobular carcinoma.
They are: -

1. Ductal carcinoma in situ (DCIS): They are cancers formed in the ductal cells of
breast. DCIS is non-invasive since the cancer remains in the milk duct and does not
extent in the neighboring breast tissue. DCIS is easy to manage, but once developed
it increases the chance of developing into invasive BC later on. Also, having a
history of DCIS increases the risk of BC recurrence by 30% than those who have not
had a DCIS.

2. Invasive/ Infiltrating Ductal Carcinoma (IDC): IDC is observed in
approximately 80% of all BC cases diagnosed. In IDC, the nearby healthy breast
cells are invade by breaking the lining of the milk duct by the cancer cells. IDC is
also found in men but most commonly observed in older women. IDC is further
divided into five subtypes, they are: -

1). Tubular carcinoma: Tumors are usually smaller in size and are made up of tubules
that are tube-shaped structures. The tumors are often low-grade, and with the
advancement of mammography, tubular carcinoma is thought to account for about
27% of all BC. It is commonly diagnosed in women of early fifties but is rarely
diagnosed in men. Tubular carcinomas often tend to be less aggressive, respond well
to treatment.

i1). Medullary Carcinoma: It represents approximately 3-5% of all BC cases. The
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tumor resembles the delicate flesh of brain called medulla and is so called the
“medullary” carcinoma. They are frequently observed in BC of age 40 to 50 years
and also in patients with BRCA/ mutation. It is commonly diagnosed among the
Japanese women when compared to the women in United States. The tumor appears
to be of high grade but behave as a low-grade tumor. The tumor grows slow and
treating is easier than any other types of BC.

ii1). Mucinous Carcinoma: Among the uncommon subtype of IDC is Mucinous
carcinoma, also sometimes referred to as colloid carcinoma. The abnormal tumor
cells are found floating in pool of slimy and slippery substance called mucin, which
is a key ingredient of mucus. About 5% of invasive BCs consist a mucinous element
along with other cancer cell type. It is rarely found in men and could be found at any
age, 60s or early 70s is the average age at diagnosis. They are not aggressive and
respond better to treatment.

iv). Papillary Carcinoma: In invasive BCs, papillary carcinomas account for less
than 1-2% and is mostly found in postmenopausal elder women. A well-distinct
border, made up of tiny projection that looks like finger, usually characterizes it.
Invasive papillary carcinoma is often grade 2 or moderate grade.

v). Cribiform Carcinoma: In cribiform carcinoma, the stroma, which is the
connective tissues of the breast found in between the ducts and lobules are invaded.
Well-defined holes, which look a Swiss cheese, are formed in the tumor cells. The
tumor is usually low grade. Cribriform represent only a tiny portion of tumors in less
than 6% of invasive BCs.

3. Lobular Carcinoma In situ (LCIS): Originated in the lobules, LCIS is an
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abnormal growth of cell in an area that are non-invasive. Even though the names
include the term carcinoma, LCIS is not an actual BC. Rather, having LCIS indicates
that a person has a greater chance of developing BC. Due to this reason, the term,
lobular neoplasia (collection of abnormal cells) is preferred by some experts, rather
than lobular carcinoma. It is usually diagnosed in a premenopausal, mostly of ages
40 and 50 years.

4. Invasive/ Infiltrating Lobular Carcinoma (ILC): It is the 2™ most prevalent BC
type observed after IDC. The tumor starts in the lobule and invades the surrounding
tissues. ILC accounts for about 10% of all invasive BCs. Even though ILC can
develop at any age, the prevalence tends to increase with increased in age. As per the
American Cancer Society, 2/3 of women diagnosed with ILC are older than 55 years
of age. It has also been suggested using hormone replacement therapy could increase
the chance of developing ILC.

5. Inflammatory BC (IBC): Inflammatory BC is a rare, aggressive and rapidly
growing cancer. It accounts for only 1% of all BC cases in United States. Study
conducted in 2008 found that being overweight increases the risk of developing IBC.
6. Metastatic BC: When BC travels and invade different sites of the body, more
frequently to the liver, brain, bones or lungs, they are called Metastatic BC or stage
IV BC. BC cells can break their way out from their original site and move to a
different location via. the lymphatic system or the bloodstream. Recurrence rate is
higher and 30% of women diagnosed with early stage BC are believed to develop a
metastatic disease.

7. Paget’s Disease of the Nipple: In this case, a malignant rash developed in or
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around the nipple’s skin or areola. It is rarely found and account for only one percent
of all BCs. Usually, the cancer first affects the milk ducts, then the surface of the
nipple and finally the whole areola. Texture of the affected area becomes red, scaly,
irritated and itchy. Around 97% of Paget's disease infected patients either have
invasive cancer or DCIS elsewhere in the breast. Signs and symptoms of Paget’s
disease are often an alarming indication that BC have initiated.

8. Phyllodes Tumors: Phyllodes tumors, also known as Cystosarcoma are rare and
account for a very less percentage (< 1%). Tumors often grow rapidly, but rarely
spread out of the breast. Phyllodes tumors are form in the connective tissue of the

breast rather than the duct or lobules. Majority of the phyllodes are benign and a

much lesser percentage are malignant.

BC is also grouped into 4 intrinsic or molecular subtypes depending on the
hormone receptors namely estrogen (ER) and progesterone (PR) and HER2/neu
oncoprotein expression. They are: -

1. Luminal A: The cancer cells showed an expression of hormone receptors (ER+/
PR+) but not the HER2/ neu oncoprotein (HER2-). The protein that helps regulate
cancer cells growth called “Ki-67” level is also low. The tumors are of low grade,
tend to grow slow with better prognosis.

2. Luminal B: In luminal B, there is an expression of ER+ and PR+ whereas, Her2/
neu oncoprotein are either positive or negative with higher Ki-67 levels.
Prognosis is poorer since the cancer usually grows at a higher rate than that of
luminal A.

3. Triple-negative/basal-like: In case of triple negative BC, there is no expression
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of either the hormone receptor or the HER2/ neu oncoprotein (ER-/PR-/HER2-).
Triple negative BC is frequently observed along with BRCA gene mutations and
also in younger women.

HER2-enriched: HER2/neu oncoprotein expressions are enriched but not the
hormone-receptors. HER2-enriched cancers, shows a faster growth rate with a
poor prognosis. HER2 targeted therapies that include Tykerb (lapatinib), Perjeta
(pertuzumab), Herceptin (trastuzumab), Kadcyla (T-DM1/ ado-trastuzumab
emtansine) and Nerlynx (neratinib) are often used to treat this kind of BC. (Breast

cancer. Org, 2019; American cancer society, 2019; Kumar et al., 2010)

Signs, Symptoms and Diagnosis of BC

Any of the following listed complications or discomforts could be the signs

or symptoms of BC: -

1.

2.

8.

9.

Thick and Stiffened tissues in any area of the breast.
Swelling of all the breast or specific area.
Sensible lump in the breast or in the area of armpit.

Pain breast or armpits that is not altered by monthly cycle.

. Eczema like rash on or around the nipples.

Nipple discharges other than milk, which sometimes contains blood.
Deformed nipple that has either inverted or sunken.
Change of either shape or size of the breast.

Dry, flaky and scaly skin of the nipple or breast.

10. Unusual texture (indented or dimpling) or color (redness) of the breast skin, like
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an orange peel.

BC could be diagnosed by biopsy where a small tissue sample is surgically
obtained to see if there are cancer cells. This procedure could tell the type of cancer
and their hormone sensitivity. Routine screening could also be performed using an
imaging test such as mammography (type of X-ray), ultrasound and Magnetic
resonance imaging (MRI). These techniques could provide images of any lumps
present in the breast, differentiate solid mass from cyst containing fluid and also
information on how far cancer has reached (Breast Cancer.org, 2019). BC can also
be inherited as well as sporadic.

1. Inherited BC: It accounts for a smaller number (5-10%) of BC cases and is
caused by the autosomal inheritance of BC susceptibility genes mutations i.e. BRCA
and BRCA2. Mutation in these two genes account for only 10-20% of inherited BC.
Mutation in other genes (7P53, ATM, PTEN, CHDI, CHEK2, SKTI1, BRIPI,
PALB?2, etc) has also been reported to increase the susceptibility of developing BC.
Inherited BC is generally characterized by onset of cancer at a younger age (~40
years) (Campeau et al., 2008; Jian et al., 2017; Larsen et al., 2014).

2.Sporadic BC: Sporadic BC accounts for about 90% of all cases. Besides those
hypothesized low-to-moderate penetrance or modifier genetic alleles conferring a
slight increase risk, several reproductive, environmental and demographic factors
contributes a vital role in the development of BC. The onset is late in age and the

cancer is commonly unilateral (Miki et al., 1994; Sirisena et al., 2018).

Review of Literature
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BC is a complex multifactorial disease regulated by the association of various
genetic, hormonal and environmental factors including diet, lifestyle and
reproductive history. Globally, BC is the top cancer and causes of death among
women (Atif et al., 2018; Sirisena et al., 2018). BC related death of around 327,000
has been estimated every year. Approximately 1.35 million new cases of BC have
been diagnosed each year while 4.4 million women are believed to live with BC
worldwide. Around 1.7 million women have been estimated to be diagnosed with BC
in 2020 (Wong et al., 2009). In 2018, new cases of BC, along with lung cancer
shares the same highest position (11.6%) when both the sexes are considered. And
when only females are considered, the number of new cases (24.2%), the estimated

incidence and mortality rate is also highest for BC (Globocan iarc, 2018).

In India, almost 100,000 cases of BC have been diagnosed each year, and an
increased to 131,000 cases is expected by the year 2020 (Agarwal et al., 2008;
Mangtani et al., 2010). According to the latest published of Globocan (2018), of all
the new cases of cancer diagnosed in India, BC case is the highest when both sexes
are considered and when only females are considered separately. Following the
global trend, BC also top the age standardized incidence rate (24.7%) and mortality
rate (13.4%) (Cancerindia.org, 2018). In the North Eastern part of India, the
prevalence of BC is considerably higher then the rest of India probably due to the
tobacco exposure leading to genotoxic stress (Saxena et al., 2010). Mizoram, located
in the Southern corner of Northeast India, also shows an alarming trend in cancer.
Nevertheless, BC threat remains the same in Mizoram. Latest report of National

Cancer Registry Program (NCRP) revealed consistently high incidence rate of cervix

10
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uteri (15.9 %), lung (15.6 %), and BC (13.0 %) among the Mizo women populace.
BC incidence rate is believed to be already double by 2018 since the recent NCRP is
not yet available. Hence, the rapid rise in the number of incidence and mortality
because of BC among women in rural area like Mizoram (not to mention the whole

world) over the past few year calls for an extensive study and exploration on this

area of cancer (PBCR, 2014).

1. Epidemiological studies on BC:

Variations in the incidence and mortality rates of BC between races or
ethnicity of different parts of the world suggests that the known risk factors for BC
may differ depending on the demographic and environmental factors and could not
be explained by genetics alone (Lodha et al., 2011). Several factors that have been

reported to help in BC progression are:

A. Reproductive Factors: It is well established that the development of BC is
triggered the most by reproductive and hormonal factors. Reproductive factors
contribution for BC development in Indian and western population is far different
because of the differences in parity, early first delivery age and lactation which are
part of Indian culture and less prevalent in western women. In developed countries,
late age at first delivery, nulliparity, and lack of lactation are the leading reproductive

risk factors (Palachandra et al., 2017).

11
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Pregnancy provides protective effect by causing a permanent change of the
breast cells and making them less prone to carcinogenic factors. This mechanism
include differentiation of the breast epithelial cells, reduction in numbers of breast
stem cells, modify breast response to estrogen and reduced the levels of circulating

hormones (Opdahl et al., 2011).

Lactation has been observed to have a strong association among BC patient
from North India. Among premenopausal women, lifetime duration of lactation was
inversely associated with increased chance of BC development (Malvia et al., 2017).
A landmark studies involving 50,000 BC patients from 47 epidemiologic studies
have found that among parous women, there is a 4.3% reduced BC risk for every
twelve months a woman lactates and a 7% reduced risk for every child birth
independently. Following pregnancy, breastfeeding assist breast cells differentiation,
and differentiated cells are rarely cancerous. Also, cessation process of breastfeeding
(e.g., apoptosis) remove initial damaged DNA from the tissue of breast and is

believed to reduced BC risk (Anstey et al., 2017).

Extended exposure to ovarian hormones in terms of menarche at an early age
and late menopausal is found to have convincing association with increase BC
occurrence. These ovarian hormones (estrogen and progesterone) regulate the breast
mitotic activity and determine the possibility of tumorigenic somatic events (Singh et
al., 2011; He et al., 2012). Usage of oral contraceptive pills confers a 5 times higher
chance of BC development compared to non-user. A study on contraceptive pills
used in association with BC involving 53,297 BC patients have found slight increase

risk on women having contraceptive pills for 10 years, and also showed that there is
12
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a 24% increased risk of BC among contraceptive pills compared to those who never

used it (Alghamdi et al., 2015).

Early age at marriage is found to have a strong link with BC among Saudi
females, and females getting married before age 18 have been found to have a 13.9
times higher risk of getting the disease. The reason for the increase risk may be
explained by the inconsistency or elevation in the secretion of ovarian hormones, for
example; hormone estrogen among young females (Alghamdi et al., 2015). Less
number of parity or children is linked with the lifestyle of South Indian and Western
women and has been found to increase BC risk. 40-50% risk reduction is associated
with 3 or more number of live births. Single or unmarried women have elevated risks

for developing BC and are usually late stage (Malvia et al., 2017).

B. Environmental factors

Lifestyle: Physical activity, sleep pattern and night shift work have been shown to
have an influence in BC development. The World Cancer Research Fund/American
Institute for Cancer Research (2007) states that, there has been significant
epidemiologic evidence supporting the inverse relationship between BC and physical
activity in post-menopausal women. Several studies have supported that the risk of
BC is approximately 25% lower among physically active compared to those inactive
women (Hildebrand et al., 2013). Reduced risk is also observed on women who spent
more time on household chores. Decrease in sex hormones and adiposity, increase
immune functions and reduced markers of insulin resistance have been proposed to

be the underlying biological mechanism by which physical activity protect against

13
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BC (Malvia et al., 2017). With societal development, sleep pattern and night shift
work have drawn the attention of researchers, since it could affect the levels of
hormone circulation (growth hormone, melatonin, cortisol, prolactin, glucose, and
insulin) which are major factors involved in numerous disease progression, including

BC (Luetal., 2017).

Dietary Habits: The Nurses’ Health Study and study conducted in NIH-AARP Diet
and Health and also several other studies had observed heavy intake of animal fats,
red meat, smoked meat and lower intake of fruits, vegetables and total dietary fiber
to have significant association with BC risk (Haraldsdottir et al., 2018; Kim et al.,
2017). Probable mechanisms for the increased risk include oxidative damage from
bioavailable heme-iron, consumption of exogenous growth-promoting hormones
through animal food production, exposure to mutagenic xenobiotic compounds such
as N-Nitroso compounds (NOCs), polycyclic aromatic hydrocarbons (PAHs) and

heterocyclic amines (HCAs) (Kim et al., 2016).

Tobacco and alcohol intake: Among the women of northeast India, BC is the most
prevalent cancer and a significant association was found with chewing habits of betel
quid and tobacco (Malvia et al., 2017). Smoking has a modest association with BC,
but the risk of causing the disease is increased significantly. Smoking related BC risk
is particularly high among those who started it from early adolescent or peri-
menarcheal ages, and women with a family history of the BC (Jones et al., 2017).
Extensive epidemiologic studies have linked moderate consumption of alcohol to
increased risk of BC by approximately 30-50%. The risk of BC increases with the

increase in the amount of alcohol consumption. Alcohol leads to changes in breast
14



Introduction and Review of Literature

density by altering the levels of estrogen thereby influencing BC risk (McDonald et
al., 2013).

C. Family history of BC: The most well-established causal factor for the
development of BC is family history. There is a two- fold increase BC risk for
women having affected first- degree relatives. Familial relative risk (RR) increases
with the age of diagnosis (<50 years) of first- degree relatives affected and also the
number of relatives affected (Mavaddat et al., 2010; Brewer et al., 2017). Inheritance
of mutation in high penetrance gene (BRCAI and BRCA?2) is the main causal factor
for family history of BC, but they account only a small fraction (10-20%) of all
familial BC cases suggesting the contribution of other high, moderate and low

penetrance genes that may take part in susceptibility to BC (Jian et al., 2017).

2. Association of Histological tumor grade with other clinical and epidemiological

features:

BC tumor expresses variation in molecular and morphological features,
nature of action and response to therapy. At present, clinical management of BC
depends on the information of several prognostic and predictive factors that help
support patient in making decision and physicians to provide suitable and efficient
treatment. Histological tumor grade is one the most established prognostic factors for
BC since they could impart knowledge on morphological and biological
characteristics of tumor (Rakha et al., 2010). Other equally important pathological

and clinical features such as tumor type, lymph node and hormone receptor status
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and Her2/Neu oncoproteins have been reported. They are known to have association
with tumor grade and information on their collaborative effect could serves as an

important prognostic factors (Atif et al., 2018).

Assessment of histological tumor grade for tubular differentiation composite,
nuclear characteristics and mitotic activity are the most important parameters of BC
evaluation. Particularly in early-stage BCs where no or less number of axillary
lymph nodes are involved, the tumor grade serves as an important prognostic marker
(Schwartz et al., 2014). Positive correlation has been reported between ER, PR and
HER2/ neu status with tumor grade, and regardless of regional differences and
ethnicity, an inverse relationship between ER, PR, HER2/neu and tumor grade was
observed. With the increase in tumor grade, the expression of these receptors

decreases (Thiygarajan et al., 2015; Siadati et al., 2015; Atif et al., 2018).

Lymph node status is another critical prognostic factor and help in
determining the severity of the cancer, since cancer cells can metastasize to distant
location (Pourzand et al., 2011; Siadati et al., 2015). Tumor grade was found to be
significantly associated with the amount of axillary lymph nodes affected (Davis et
al., 1986). With the increase in the amount of positive axillary lymph nodes, survival
rate decreases and relapse rate increases (Siadati et al., 2015). Approximately 30-
50% of BC cases diagnosed metastasize to the sentinel lymph node indicating the

advanced cancer status (Pourzand et al., 2011).

The clinical and pathological features of breast tumor may differ between BC

with family history and sporadic BC due to the inheritance of susceptibility gene
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mutations. The inconsistent observation from different studies on familial BC
characteristics remains controversial. Several research groups have revealed clinical
features that are specific to familial cases. In fact, some studies had observed early
age of disease onset, bilateral BC, advanced cancer stage, positive lymph node and
lack of hormone receptors expression in familial cases, while others have not found

any significant differences (Tazzite et al., 2013).

Even though several environmental factors such as lifestyle and dietary habits
has been reported to contribute in BC progression, currently there is not much
available data or literature focusing on the association between histological tumor
grade and environmental factors. This study was carried out to find out whether the
clinical and pathological features and the reproductive and environmental risk factors
have association with histological tumor grade that might help in prediction and

prevention from the related risk factors (Zodinpuii et al., 2019).

3. Genetic Alteration in BC:

With the evolving sequencing technologies, number of BC susceptibility
genes has been reported other than BRCAI and BRCA2 (Apostolou et al., 2013).
These gene variants were broadly divided into two groups: first is the mutation in the
proto-oncogenes (mostly gain-of-function that stimulate cell growth and
proliferation) and second, is mutation occurring in the tumor suppressor genes
(causing loss-of-function of the gene product). Loss of function results in
uncontrollable growth of cell, incapability to repair DNA after damage and absence

of cell cycle check points (Sheikh et al., 2015). Depending on their RR associated
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with BC, these genes are classified into high, moderate and low penetrance genes

(Muhammad et al., 2018).

High-penetrance genes are less common in the population but associated with
higher risk and the carriers have a 5 to >20 RR. Moderate penetrance genes has a
moderate association with BC risk and confer RR of 1.5 to 5 (Mavaddat et al., 2010;
Apostolou et al., 2013). The involvement of the moderate penetrance genes to
familial RR is < 3%, and the frequency of these gene variants are relatively low
(Rahman et al., 2007). Commonly found in the population are low penetrance genes,
but only has a small association with increase BC risk (RR <1.5) (Mavaddat et al.,
2010; Apostolou et al., 2013). Chromosomal location of high penetrance genes, there

associated syndrome and other related cancer risk is given in Table 1.

Gene Location Syndrome Other related cancers
BRCA1 17q21 Hereditary Breast/ | Prostate, Ovarian and fallopian tube,
Ovarian Cancer Melanoma, Biliary and Pancreas

BRCA2 | 13q12-13 Syndrome cancer

Sarcomas, lung cancer, leukemia,
Li— Fraumeni ‘
TPS53 17p13.1 adrenocortical carcinomas and brain
Syndrome
cancer

GU tumor (renal cell carcinoma),
Cowden Syndrome . .
PTEN 10923 Endometrail cancer and thyroid
PTEN Hamartoma
cancer
Tumor Syndrome
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Small bowel, colon, esophagus,
Peutz-Jeghers

STK11 19p13.3 stomach, pancreas, ovary, uterus,

Syndrome _ ‘

cervix, lung, and testis
Hereditary diffuse
Gastric cancer, Colorectal cancer,
CDH1 16g22.1 gastric cancer )
diffuse subtype
Syndrome

Table 1: High penetrance BC genes and their associated cancers and

syndromes.

BRCAI and BRCA?2 are the two most crucial BC predisposing genes that have
a major contribution in the development of inherited BC. Germline mutation carriers
in these two high penetrant genes increases the lifetime risk of developing breast as
well as ovarian cancer by 80% and are also known to be associated with the disease
onset at an early age (D'Argenio et al., 2015). Mutations in these two genes are
estimated to account only 15% of hereditary BCs cases (Shiovitz et al., 2015).
BRCA1/2 screening using direct Sanger sequencing for genetic testing becomes the
most crucial component of clinical examination among female having a family
history of breast and ovarian cancer. Next- generation sequencing (NGS) with its
increased speed, efficiency in DNA test and reduced costs in comparison with
Sanger sequencing had revolutionized genetic testing not only for a large size genes
like BRCAI/2, but also for other multiple gene at a time (Walsh et al., 2010;

Crawford et al., 2017).

After a landmark discovery of BRCA1/2, other genes that are linked to BC

susceptibility have been identified and are often screened for mutations (Li et al.,
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2018). Several studies performing a comprehensive multi-gene panel testing for BC
has unraveled the remaining responsible genes other than BRCA1/2. A large number
of gene mutations (~36- 61%) have been observed in BC patients including those
among the high (PTEN, CDHI, TP53, STK11 and NF'1), moderate (NBN and related
genes, CHEK?2, PALB2, ATM) and low penetrance gene (PMS2, MENI, MLHI,
MSH6, PPM1D, MSH?2 and so on) indicating that multiple gene panel testing serves
as a more efficient tool for genetic cancer risk assessment for different sub-types of
BC (Singh et al., 2018; Li et al., 2018). Moderate penetrance genes and their
functions are listed in Table 2. Predisposition of multiple BC panel genes testing
have been carried out extensively in some population such as Caucasian, African
Americans, Slavs and Ashkenazi Jewish, however, data for other countries is still

relatively low (Li et al., 2018).

Gene Location Function

Scrutinizing and repair dsDNA, phosphorylates
ATM | Xq22- Xq23 | multiple proteins including BRCA1, BRCA2, TP53
and CHEK2

Take part in cell cycle regulation at G2. React to DNA
CHEK2 22ql2.1 damage by Phosphorylation. Activated CHEK?2 act to
stabilize p53 and cooperates with BRCA1

It promotes localization and stability of BRCA2 to

PALB2 16pl12.2 . ) i
facilitate BRCA2-mediated DNA repair.
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It encodes a helicase which interacts with BRCA1 C-
BRIP1 17923.2 Terminus (BRCT) domain of BRCA1 and functions in

checkpoint control

Table 2. The location and functions of Moderate penetrance BC genes.

TP53 mutation leads to Li— Fraumeni syndrome (LFS) and there is an
increase of more than 90% lifetime cancer risk for 7P53 mutation carrier (Nichols et
al., 2001; Gage et al., 2012; Apostolou et al., 2013). Among females 7P53 mutation
carrier, BC incidence is the highest of all cancer, and ~5% of these BC cases are
diagnosed at age less than 30 years (Apostolou et al., 2013; Mahdavi et al., 2019).
PTEN is observed to be the second most altered gene in cancers. (Apostolou et al.,
2013; Mahdavi et al., 2019). Various structural mutations were observed in highly
aggressive type of BC (basal-like BC). Tumor in this type of BC, gross mutations of
PTEN are greatly correlated with BRCAI mutations suggesting that BRCAI
malfunction can directly target PTEN and its pathways, which may further describe

why in BRCA1 deficiency, basal-like BC often develop (Yin et al., 2008).

Mutations in STK71 gene were found in 30-70% of Peutz-Jeghers syndrome
(Schumacher et al., 2005). Peutz-Jeghers syndrome is strongly associated with
various cancer types and carriers of STK// gene mutation confer up to 85% risk for
developing any type of cancer. Female STK// gene mutations carrier are linked to an
increased risk of about 20% for BC and estrogen-receptor positive type of BC are

often found with these gene mutation (Apostolou et al., 2013; Mahdavi et al., 2019;
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Sheikh et al., 2015). Hereditary diffuse gastric cancer syndrome is caused by
mutation in CDH1 gene (E-cadherin). Mutations in this gene also leads to an increase
risk (~67% in male and 83% in female) of developing gastric cancer. (Keller et al.,
1999; Pharoah et al., 2001). There is a 40%—54% lifetime risk of developing lobular
BC for carriers of the CDHI gene mutations (Apostolou et al., 2013). Majority of
mutations found in infiltrating lobular carcinoma are either frameshift or nonsense
that result in the production of a dysfunctional E-cadherin molecule with reduced
adhesion activity. Loss of heterozygosity (LOH) mutation in CDHI gene is also
often found in lobular BCs. However, by far, there have been no reports of CDHI

gene mutation in ductal carcinomas of the breast (Sheikh et al., 2015).

Mitochondrial gene alterations in BC

Mitochondria play an important role in BC pathogenesis. They produce
energy through aerobic respiration, making mitochondria the main source and target
of intracellular reactive oxygen species (ROS) (Thyagarajan et al., 2013). Mutation
rates are much higher as compared to nuclear DNA most likely because of less
efficiency in damage DNA repair mechanism (Parrella et al., 2001). Since the first
report observed by Bianchi et al. (1995), a large number and variety of mitochondrial
DNA (mtDNA) alterations was found in breast tumor tissue (Parr et al., 2006).
Multiple studies have also found associations between cancer development and
somatic mtDNA mutations, also hereditary mtDNA polymorphism have been found
to contribute in cancer progression (Czarnecka et al., 2010). From the recent years,
mtDNA have been screened for BC specific mutations simultaneously with nuclear

genome. Mutations observed at certain positions (204, 207 and 16293) of mtDNA
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that are obtained from nipple aspirate fluid have been an indicative for BC and
mutations in mtDNA D-loop have been proposed as prognostic marker for BC
independently. Studies have also shown that carriers of A10298G polymorphism are
at an elevated risk for developing BC (Czarnecka et al., 2010). In studies performed
by Zhu et al. (2005), the frequency of mutation is much higher in the mitochondrial
D-loop region than in the other loci in 93% of the tested BC samples. Even though
there is a wide variation in the observed frequencies, region of mtDNA characterized
and the nature of mutations associated with breast tumor tissue, it is obvious that
mutations in mtDNA serve as informative biomarkers for BC detection. A study on
the mutations in the mitochondrial and nuclear DNA related with BC in the Mizo
population was investigated to understand the mutations and their consequences for

early diagnosis, proper treatment and counseling to the patients.

Despite Mizoram, being a state with high incidence of BC and lifestyle of high
tobacco consumption and unique dietary habits, data on the epidemiological and
genetic risk factors is limited. To date, there have been no reports that focus on the
genetics or environmental risk factors towards BC for the Mizo population. The
present study on Characterization of clinically significant mutations associated with
Breast Cancer in Mizo population has been proposed with the aim of evaluating the
demographic risk factors and assess the prevalence of mutation in susceptibility
genes associated with BC in Mizo population, Mizoram. The findings of this study
may help us to better understand the causal risk factors and the prevalence of certain
gene mutations that might further help in prevention, early diagnosis, and provide

best treatment option to the patients.
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Aims and Objectives
The following objectives are set forth to carry out the proposed work:

» Study of mutations in candidate genes and their association with BC in Mizo

Population.

» To determine the potential confounding factors associated with BC and their

pathogenicity analysis using in- silico methods.
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Materials and Methods
Sample collection

The aim and objectives of the study were first explained to the patient
participants and with their consent, personal interview was performed using a
bilingual structured questionnaire (English and Mizo local language). Information on
reproductive history, environmental factors, tobacco and alcohol history, and family
history with regard to breast, other cancers and inheritable diseases were collected.
Patient clinical and pathological reports such as histological cancer type, grade of
tumors, status of estrogen, progesterone, HER2 receptor and lymph node were
acquired from their hospital documents using a standard proforma. Only local ethnic
patient confirmed with BC of all ages from different hospitals of Mizoram, with and
without family history of BC were included in the study. However, male BC patients

were excluded from the study.

426 Breast Cancer (BC) patients from all over Mizoram and those registered
in Mizoram State Cancer Institute (MSCI) within the year 2013 — 2017 and 810
healthy individuals were included in this study. 2 ml of blood was drawn from the
participants (patients and healthy controls) by a trained technician and was stored in
EDTA vials and kept in -20°C for further processing. Subject inclusion criteria are
confirmed BC cases, with and without a history of BC in their family members, and
BC patient of all ages from all over Mizoram, both registered as well as not

registered in MSCI and belonging to Mizo tribe.
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1. Epidemiologic studies to determine the potential confounding factors associated
with BC
This study included a total of 1236 samples (426 BC cases and 810 healthy
controls). The factors considered for the epidemiological analysis under reproductive
history are age at marriage, marital status, age at menarche, parity, age at menopause,
age at first delivery, number of children, breast feeding, duration of lactation, use of
oral contraceptive pills and abortion. Several lifestyle habits including tobacco and
alcohol intake and dietary habits were considered in the environmental factors. Also

the familial history of BC, other cancer and inheritable diseases were included.

Statistical analysis for epidemiologic studies

Frequency distribution of different age group was calculated among the samples
(both cases and controls). Univariate logistic regression analyses for Chi-square tests
was performed to assess the independent risk factors association with BC risk.
Significant independent factors (p value < 0.05) obtained from the univariate analysis
were further considered in the multivariate analysis using Cox regression
(introducing all variables and terms of interactions) (Kotsopoulos et al. 2012).
Receiver operating charcateristic (ROC) curve was plotted for those factors that are
found to be significant in the multivariate analysis, dividing them in groups for larger
and smaller test results to find the sensitivity and specificity of the factors to estimate

the potential risk score (Kumar et al., 2011). IBM Statistical Package for Social
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Sciences (SPSS), software version 22.0 for windows was employed to carry out all

the statistical analyses.

Formaldehyde estimation

Formaldehyde estimation was carried out on fish samples obtained from four
different sources such as Mizoram, Silchar, Burma and Andhra Pradesh. 60 ml of 6%
w/w Tri- chloro acetic acid was added to 30 grams of finely chopped fish. The
mixture was filtered using Whatman No.1 filter paper. Sml of filtrate was collected
(pH adjusted to 7 with NaOh or HCL) which was stored in deep freezer for 30
minutes to 1 hour. 2 ml of Nash reagent was added to the filtrate followed by
incubation in water bath at 60° C for 30 minutes. Absorbance was measured at 415
nm. Normal calibration curve for standard formaldehyde solution was prepared by
making a serial dilution of 10 ppm stock solution of formaldehyde giving, 0.005, 0.1,
0.5, 1, 5 and 10 ppm concentration of standard solution. 2 ml of Nash’s reagent was
added to each dilution flask, which was incubated in water- bath at 60° C for 30
minutes. Volume was maintained to 100 ml by adding distilled water. Absorbance

was measured at 415 nm (Jaman et al., 2015; Sultana et al., 2018).

2. Association of Histological tumor grade with other clinical and epidemiological

features

In this study, 103 BC cases with complete information on clinical and
histological reports and the epidemiological data were included in the analysis.

Clinical and histopathological records include tumor characteristics such as the
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tumor side, grade, type, size, site, expression of hormone receptors (estrogen and
progesterone), Her2/neu oncoprotein, and lymph node invasion. The
histopathological grading of the BC tumor was done based on the Nottingham
modification of the Bloom Richardson grading system accepted by the World Health
Organization. Age range 41-50 years was observed to be having the highest
incidence of BC, so, in order to perceive the best possible association between tumor
grades with the factors considered, factors that do not show significant results in the
first analysis were further analyzed by limiting the age group to 40-55 years which

includes 51 cases out of the 103 cases.

IBM Statistical Package for Social Sciences (SPSS), software version 22.0 for
Windows was utilized for all the statistical analyses. The frequency distribution was
calculated for age at diagnosis and tumor characteristics. Statistical analysis for all
the variables was done using chi square test. Since the analysis includes multiple
subgroups, 5% level of significance (p< 0.05) was maintained (Kuzhan et al., 2013;

Pourzand et al., 2011).

3. Study of mutations in candidate genes and their association with BC in Mizo
Population

Genomic DNA Isolation

QIAamp DNA mini kit (250), catalogue no. 51306 was used to extract genomic
DNA from 200 pl of blood following the manufacturer’s protocol. The extracted
DNA samples were stored in -20°C for further analysis.

3.1. Study of genetic alteration using Direct Sanger Sequencing
30



Materials and Methods

50 cases and 50 healthy controls were included for this study and the
candidate genes such as BRCAI, TP53, PTEN, CDHI, CHEK2, XRCC2 were
considered. The primers were designed to encompass the gene mutations reported for
BC in the Human Gene Mutation Database (HGMD), except for the BRCA1 gene
where all the 24 exons were sequenced.

The amplification was performed using specific primers designed for the
specified region of interest (Table 3). Polymerase chain reaction (PCR) was
performed using 25 pl total reaction volumes, each containing template DNA
(100ng/ul), forward and reverse primers (10 pM/ul), 10X PCR buffer (2.5 pL),
dNTPs (10mM), Taq polymerase (1U) and milli-q H,O (to make up the volume).
PCR conditions used were as follows, initial denaturation at 95°C for 5 minutes,
denaturation at 94°C for 30 seconds, annealing for 50-63°C for 35 seconds,
extension at 72°C for 35 seconds and final extension at 72°C for 3 minutes. The PCR
amplified products were loaded in 1.2% agarose gel and the success of amplification

was checked using Gel documentation system (Bio-Rad, USA).

Product

Gene Exon Primers (5°-3°) size (bp)

) GAAGTTGATCATTTTATAAACCTTT 753
TGTCTTTTCTTCCCTAGTATGT

3 TCCTGACACAGCAGACATTTA 138
TTGGATTTTCGTTCTCACTTA

5 GTTGTGAGATTATCTTTTCATGGC 208
BRCA1 CTTCCAACCTAGCATCATTACCA

6 CTTATTTTAGTGTCCTTAAAAGG 206
TTTCATGGACAGCACTTGAGTG

7 CACAACAAAGAGCATACATAGG 269
AGAAGAAGAAGAAAACAAATGG

8 TGTTAGCTGACTGATGATGGT 267
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ATCCAGCAATTATTATTAAATAC

CCACAGTAGATGCTCAGTAAATA

? TAGGAAAATACCAGCTTCATAGA 21

10 TGGTCAGCTTTCTGTAATCG 242
GTATCTACCCACTCTCTTCTTCAG

11AB TAGCCAGTTGGTTGATTTCC 477

CTCACACAGGGGATCAGCATTC

11C CAACATAACAGATGGGCTGGAAG 150
ACGTCCAATACATCAGCTACTTTGG

L1EF GGTTCTGATGACTCACATGATGGG 460
TCATCACTTGACCATTCTGCTCC

GAGCCACAGATAATACAAGAGCGTC

11G | GCAGATTCTTTTTCGAGTGATTCTATTGG 272
G
1H ATCAGGGAACTAACCAAACGGAG 269

CGCATGAATATGCCTGGTAGAAG

111 CTAAAAAGAATAGGCTGAGGAGGAAGT )84
CAGCTCTGGGAAAGTATCGCTG

1K GCAACTGGAGCCAAGAAGAGTAAC 453
TCTGTGTCATTTCTATTATCTTTGGA

1IN GCACTCTAGGGAAGGCAAAAACAG 730
CATTCCTCTTCTGCATTTCCTGG

1P GCCAGTCATTTGCTCCGTTTTC 788
CGTTGCCTCTGAACTGAGATGATAG

11Q TGCAGGCTTTCCTGTGGTTG 305
GGCTAATTGTGCTCACTGTACTTGG

1S TCAATGTCACCTGAAAGAGAAATGG 301
CAGGATGCTTACAATTACTTCCAGG

11TU TTGAATGCTATGCTTAGATTAGGGG 402
TTCTGAGGACTCTAATTTCTTGG

1V GAGTCCTAGCCCTTTCACCCATAC 789
GTGATGTTCCTGAGATGCCTTTG

11TW | CGTTGCTACCGAGTGTCTGTCTAAG

X GTGCTCCCAAAAGCATAAA 438

12 GTCCTGCCAATGAGAAGAAA 265
TGTCAGCAAACCTAAGAATGT

13 AATGGAAAGCTTCTCAAAGTA 120
ATGTTGGAGCTAGGTCCTTAC

14 | CTAACCTGAATTATCACTATCA 312
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GTGTATAAATGCCTGTATGCA

15

TGGCTGCCCAGGAAGTATG
AACCAGAATATCTTTATGTAGGA

338

16

AATTCTTAACAGAGACCAGAAC
AAAACTCTTTCCAGAATGTTGT

449

17

GTGTAGAACGTGCAGGATTG
TCGCCTCATGTGGTTTTA

263

18

GGCTCTTTAGCTTCTTAGGAC
GAGACCATTTTCCCAGCATC

351

19

CTGTCATTCTTCCTGTGCTC
CATTGTTAAGGAAAGTGGTGC

249

20

ATATGACGTGTCTGCTCCACC
AATGAAGCGGCCCATCTC

249

21

AAGCTCTTCCTTTTTGAAAGTC
GTAGAGAAATAGAATAGCCTCT

298

22

TCCCATTGAGAGGTCTTGCT
GAGAAGACTTCTGAGGCTAC

297

23

CAGAGCAAGACCCTGTCTC
ACTGTGCTACTCAAGCACCA

255

24

ATGAATTGACACTAATCTCTGC
GTAGCCAGGACAGTAGAAGGA

280

TP53

5.6

CGCTAGTGGGTTGCAGGA
CACTGACAACCACCCTTAAC

550

8.9

GTTGGGAGTAGATGGAGCCT
GGCATTTTGAGTGTTAGACTG

455

PTEN

CTGTATTAGTGGCATCACAAGTTT
TGCACTTTAGTCTTCCTGACAA

527

CCACAGTTGCACAATATCCTTT
CCAATAAATTCTCAGATCCAGGAAG

301

CDH1

GACACATCTCTTTGCTCTGC
GGGACAAGGGTATGAACAGC

269

12

GTCTGGTGGAAGGCAATGG
GAAGCATGGCAGTTGGAGC

345

CHEK2

10

TGTCAACTGTTTGCTTGTCTTAATG
GCCAAGAAGAGAACAGCAAAC

341

12

CTTGGACTGGCAGACTATGTT
ATGGTGGTGTGCATCTGTAG

432

XRCC2

CAGCACCCAGCCTAAAGTTAT
AAGACAGAGGTCAAGGCATATT

426
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3 CAGCAGTCTACTCTGAGGAAATG 457
TGCAGTGAGCCATGATTGT

Table 3. Candidate Genes and their exons used in the present study.
The details of the primer sequence and the expected product size are given.

Purification, Sequencing and Sequence analysis

Purification of the PCR amplified products to remove excess salts, primers
and dNTP’s was carried out using Qiagen purification kit and Exonuclease and
shrimp Alkaline phosphatase (Exo- sap) following the standard manufacturer’s
protocol (Applied Biosystem, USA). Applied Biosystem, 3500 Genetic Analyzer was
used to carry out sequencing from both the direction using forward and reverse
primers for reading accuracy. Chromatographic files obtained were analyzed using
FinchTV ~ version 1.4.0 and was aligned wusing NCBI BLASTN

(www.ncbi.nlm.nih.gov/blast). Ensembl (https://asia.ensembl.org/index.html) and

HUGO Gene Nomenclature Committee (HGNC) (https://www.genenames.org) were

used to check the amplification of the exonic regions. Mutation Taster
(http://www.mutationtaster.org), BIC (Breast Cancer Information Core)

(https://research.nhgri.nih.gov/bic/), ARUP BRCA

(http://arup.utah.edu/database/BRCA/Home/BRCA1 landing.php), PolyPhen- 2
(http://genetics.bwh.harvard.edu/pph2/), Align GVGD (http://agvgd.hci.utah.edu)
and ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/) databases were used to analyze
the pathogenicity and novelty of the observed polymorphisms. Structural prediction

was done using HOPE software (https://www3.cmbi.umcn.nl/hope/).
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3.2. Study of BC susceptibility gene BRCAI and BRCA2 using Targeted re-
sequencing

This study included 10 early onset BC cases (having first or second degree
relatives diagnosed with BC) and 5 healthy controls to identify, prioritize and
rationalize clinically relevant mutation of BRCA and BRCA2 genes.

Sequencing and Sequence processing

TruSeq Custom Amplicon method was used to design the oligo probes
specifically for the target regions of BRCA1 and BRCA2, which uses [llumina Design
Studio (Illumina, Inc., San Diego, CA, USA). A pair of oligo probes was designed
for every 150 bp sequence of the focus region, in which the 5' and 3' ends of the
sequence hybridize with the probe at one end and the other end of probe was
complementary to the PCR primers. These oligo probes were then used for library
construction, which contains the required nucleotide sequences. The target region
comprises all the coding region of BRCAI and BRCA2 genes, as well as 50
nucleotides upstream and downstream of the exon was considered to include the
region of intron-exon. Sequencing was carried out using MiSeq Illumina sequencer
(Illumina, Inc.)

The raw reads were trimmed against GRCh37 hgl9 (human Genome 19)
using trimmomatic and was aligned using BWA-mem (http://bio-
bwa.sourceforge.net/, version 0.7.10-r789) (Li, 2014). GATK
(https://software.broadinstitute.org/gatk/, ver- sion 3.4—46) and picard tools (https://
broadinstitute.github.io/picard/, version 1.97) were used for variant calling as

indicated in the workflow (Figure 1) (DePristo et al., 2011). Sequence analysis was
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carried out using MiSeq software. Q-score of 30 was considered as an accepted
threshold value that corresponds to 1:1,000 error rate. Mutations were categorized as
SNPs (single nucleotide polymorphisms) and Indels (Insertions and deletions).

Relevant mutations were query and analyzed using GeminiDB.
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[ Raw Reads (Fastq) ]

|

BWA-MEM Map to Reference
Picard Sort by Coordinate, Convert to BAM
Picard Mark Duplicates
Picard Build BAM Index
Create Realignment " "
GATK Targets realignment_targets.list
GATK Realign Around Indels BAM
v v A
GATK Variant Calling VCF
GATK | Extract SNPs Extract Indels VCF
GATK | Filter SNPs Filter Indels VCF
4
v
SnpEFF " . IVCF, TXT,
Predict Variant Effects HTML
v
GATK Base Quality Score Recalibration
GATK Apply Recalibration BAM
A
GATK Analyze Covariates

Figure 1: Workflow used to identify the variants in the BC and healthy controls
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Sequence Analysis

Sequence variants obtained were analyzed using mutation prediction tools such as
SIFT (http://sift.jcvi.org), Polyphen- 2 (http://genetics.bwh.harvard.edu/pph), LRT
(http://www.genetics.wustl.edu/), Mutation taster (www.mutationtaster.org/) and
databases such as BIC BRCA (Breast Cancer Information Core)
(https://research.nhgri.nih.gov/bic/), ESP5400 (https://evs.gs.washington.edu/EVS/),
Arup BRCA (https://arup.utah.edu/database/BRCA/), 1000g
(https://www.internationalgenome.org) and dbSNP

(https://www.ncbi.nlm.nih.gov/snp/).

PCR amplification of the desired region followed by Sanger sequencing was
carried out to validate the presence of those variants having minor allele frequencies
(MAF) < 0.05 and being classified as pathogenic based on the prediction tools.
Confirmed variants were then analyzed for their pathogenicity using mutation taster,
BIC BRCA, ARUP BRCA, BRCA Exchange (https://brcaexchange.org) and ClinVar
(https://www.ncbi.nlm.nih.gov/clinvar/) databases were used to check the novelty of

the variants.

3.3. Study on clinically significant mutations using Clinical Exome sequencing.
Clinical exome sequencing covering 9,643 genes (28983612 bp) was
performed for 12 samples (7 familial cases, 2 Non-familial cases and 3 healthy

controls) using Illumina HiSeqX sequencing platform. The following bioinformatics
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work flow was performed which contains major components categorized as primary,

secondary and tertiary analysis:

A.

Primary Analysis:- Raw FASTQ files were processed to remove adapters and
generate QC metrics on raw and trimmed read data. The fastq-mcf command
line tool was utilized to detect and remove the sequencing adapters, primers

and poor quality nucleotides at the ends of reads (Andrews, 2010).
Secondary Analysis:- The trimmed FASTQ reads were aligned to a human
genome reference sequence (GRCh37/hgl9) in order to obtain variants. GATK
is being used for secondary analysis, which is carried out as follows:
1. Alignment of trimmed FASTQ reads using BWA-MEM (Li, 2014).

ii. SAM to BAM file conversion using samtools (Li et al., 2010).

iii.  Removal of duplicates using Picard tools.

iv.  Indel realignment using GATK applications (DePristo et al., 2011).

v.  Variant calling was performed using GATK UnifiedGenotyper and

Haplotypecaller (Shahi et al., 2019).

Tertiary analysis (Variant and gene annotation):- VariMAT (Variation and
Mutation Annotation Toolkit) combines multiple clinical grade databases,
variant class and pathogenicity prediction tools for annotating the variants and

mutations that are relying on VEP was used for annotations (Gupta et al.,

2017).
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50 BC panel genes were retrieved from 11 companies such as Ambry
Genetics, BreastHealth UK, University of Washington Centogene, Fulgent
Diagnostics, GeneDx, Illumina, Invitae, Emory Genetics Laboratory, Myriad
Genetics and CD Genomics. The panel genes are ATM, ATKI, ABRAXAS, ATR,
APC, AXINS,BARDI, BAP1, BLM, BMPRIA, BRCA2, BRIPI, CDK4, BRCAI,
CDKN24, CDHI, CHEK2, EPCAM, CTNNBI, FANCC, FANCM, FAMI754,
GENI, HOXB13, MENI, MLHI1, MRE114, MUTYH, MSH2, MSH6, NBN, NF1,
PALB2, PALLD, PIK3CA, PMSI1, PMS2, RAD50, RAD51, RAD5IC, PTEN,
RADS51D, RECQL, RINTI, SMAD4, VHL, XRCC2, XRCC3, STK11, TP53 (Easton
etal., 2015).

The VCF (Variant Call Format) file for each of the 12 samples were
filtered by limiting only those variants belonging to the above-mentioned genes.
Variants that are specific only to cases were selected and further analysis is done
in a two- way approach as follows: First, case specific variants were filtered by
strictly keeping only those of variant class such as missense, frameshift indel and
intronic- SS-ACR/ DNR with a MAF< 0.05 based on databases such as ExAC
(http://exac.broadinstitute.org), 1000G and dbSNP. Variant classification was
done according to the American college of Medical Genetics and Genomics
(ACMG) guidelines using Genetic Variant interpretation tools and literature
search(https://www.medschool.umaryland.edugenetic_variant interpretation_tool
s2.html/) (Li et al., 2018; Richards et al., 2015).

Second, Pathogenic variants were filtered based on the software prediction
tools such as SIFT, Polyphen- 2, Provean (http://provean.jcvi.org/index.php),
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LRT, FATHMM (http://fathmm.biocompute.org.uk), METASVM
(https://omictools.com/meta-svm-tool), METALR
(http://www.ensembl.info/tag/metalr/) and CADD

(https://cadd.gs.washington.edu/score). Hope structural prediction was also

performed for variants that are novel as well as predicted pathogenic by ACMG

guidelines.

3.4. Study on mitochondrial gene alteration in BC using whole mitochondrial

genome sequencing

Amplification of mtDNA and sequencing

A total of 44 samples, comprising of 32 cases and 12 healthy controls
were included in this study. The age range of the patients at diagnosis is 35 to 85
years. Complete mtDNA (16.6 kb) amplification from blood was carried out in
two large overlapping amplicons of 9.3kb and 7.6 kb using two pairs of already
published primers (Andrews S. 2010) in ABI 9700 thermal cycler (Thermo
Scientific) using SequalPrepTM Long PCR Kit and dNTPs (Thermo Scientific).
The PCR amplified products were visualized using 0.8% agarose gel
electrophoresis and purified using QIAquick Gel Extraction Kit (Qiagen)

according to the manufacturer protocol.

Sequencing libraries was prepared from 1 ng equimolar pools of gel purified

amplicons using Nextera XT DNA library kit (Illumina). The quality and quantity of
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the selected libraries were assessed using Picogreen dye in Qubit Fluorimeter
(Invitrogen) and High Sensitivity Dna chip (Agilent) in 2100 Bioanalyzer (Agilent).
Sequencing of the pooled libraries was performed in Illumina HiSeq — 2500 to
generate 2 x 100 bp reads for an intended coverage of > 5000 X.
Sequence Analysis

Sequencing generated raw sequence data were converted to FASTQ files
using CASAVA package (versionl.8.2, [llumina). The mtDNA amplicon sequencing
data generated in Illumina HiSeq-2500 produced FASTQ files, which was further
analyzed using FASTQC (Andrews, 2010) for preliminary quality checking. The
sequence data obtained was aligned against the mitochondrial reference sequence
(rCRS- revised Cambridge Reference Sequence) using BWA- MEM (Li, 2013).
Conversion of SAM file to BAM files was done using SAMtools (Li et al., 2010) and
reads that are less than mapping quality of 40 were discarded. To ensure coverage of
the entire mtDNA reference sequence, the quality of BAM files were checked using
QualiMap (Garcia-Alcade et al., 2012). Detection of germline variants in the mtDNA
was done using VarScan2 (Homer). Variants base quality score (q) < 20 were not
included. Variant calls not supported by at least 3% of reads or presented <10% of
total reads in either direction were not included. Integrative Genome Viewer (Wang
et at., 2010) and ANNOVAR (Kloss-Brandstitter et al., 2011) were used for

visualization and annotation of variants, respectively.

Several = mitochondrial genome  databases such as mtDB
(http://www.genpat.uu.se/mtDB/), MITOMAP (http://www.mitomap.org) and
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mtSNP (http://www.mtsnp.tmig.or.jp/mtsnp/index_e.shtml) were used to check

the annotated variants. MITOMASTER (https://www.mitomap.org/WebHome)

was used to analyze the nucleotide variants relative to rCRS. Pathogenicity of the
variants was analyzed using SIFT (https://sift.bii.a-star.edu.sg/) and PolyPhen-2
(genetics.bwh.harvard.edu/pph2/).  Hydrophobic/  hydrophilic = nature  of
mitochondrial proteins prediction was performed using SOSUI system

(http://sosui.proteome.bio.tuat.ac.jp)21. Potential impacts of non-synonymous

substitutions on proteins were predicted using Pmut
(http://www.ics.uci.edu/~baldig/mutation.html). The ratio of Synonymous to Non-
synonymous variants was calculated. Correlation analysis between the differences
in frequency of variants (case and controls) and BC risk was calculated using
Fisher exact test, where p < a (significance level: a = 0.05) is considered to
demonstrates a significant difference between the two groups. Simultaneously, the
relative risk (RR) assessment was described by the odds ratio (OR) and 95 %
confident interval (95 % CI). Using the p value of the chi-square test, the
correlation between SNP and BC was analyzed so as to assessed according to the
high risk evaluation index: OR = 1 (SNP is not associated with BC), OR > 1 (SNP
is a high-risk factor for BC occurrence) and OR < 1 (SNP is a protective factor for
BC). All statistical analyses were performed using the SPSS 20.0 version, (IBM
corp, Armonk, NY). CIRCOS24 was plotted to represent the variant frequency
within breast cancer cases as well as between the cases and healthy controls.
Variant clustering on mitochondrial genome based on lifestyle habits was

predicted using heatmap (https://biit.cs.ut.ee/clustvis/)
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Results

To determine the potential confounding factors associated with BC and their

pathogenicity analysis using in- silico methods.

1. Epidemiologic studies to determine the potential confounding factors associated

with BC

The age range of the BC cases studied is 20- 91 years with a mean age of
49 years. Maximum numbers of cases are diagnosed at the age of 41- 50 years

(Figure 2).

250

# Controls

EBC

<30 31-40 41-50 51-60 61-70 >70

Age of Breast Cancer diagnosis

Figure 2: Frequency distribution of study samples for epidemiologic studies
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From the univariate logistic regression analysis, reproductive factors such
as marital status, age at menarche, age at menopause, parity, number of children,
breast-feeding and duration of lactation were observed to be a potential risk
factors for BC. Whereas, age at marriage, age at first delivery, birth control pills
and abortion did not show any significant association (Table 4). Lifestyle factors
like lack of exercise and lesser hour of sleep duration were also found to be the
significant risk factors, whereas night shift work did not show any significance
(Table 5). In dietary habits, regular or excess consumption of pork, fish, beef, sa-
um, smoked food and oil, and less intake of vegetables and water showed
significance indicating their positive contribution for BC progression. While
chicken, fruits, and salt intake did not show any significance (Table 6).
Consumption of tobacco related products such as sahdah, khaini and tuibur were
found to play important role for the development of BC whereas, smoking
cigarette and alcohol consumption did not show any significance (Table 7).
Inheritable diseases and having first or second degree relatives with BC was

found to be statistically significant for causing BC (Table 8).
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REPRODUCTIVE HISTORY

Risk factors | Cases N (%) | ControlsN (%) | OR(95% CI) | P value
Age at marriage (years)

>=31 41 (10.8%) 60 (8.9%) Ref

21-30 95 (25.1%) 157 (23.2%) 1.29 (0.84- 1.97) 0.241
<=20 243 (64.1%) | 459 (67.9%) 1.14 (0.84- 1.54) [ 0.380
Total 379 (100 %) | 676 (100 %)

Marital Status

Yes 378 (88.7%) | 674 (83.2%) Ref

No 48 (11.3%) 136 (16.8%) 1.58 (1.11- 2.26) <0.010
Total 426 (100%) 810 (100%)

Age at menarche (years)

>15 132 (31.0%) | 208 (25.7%) Ref

<=15 294 (69.0%) | 602 (74.3%) 1.29 (1.00- 1.68) <0.047
Total 426 (100%) 810 (100%)

Age at menopause (years)

<=50 230 (54.0%) | 245 (30.2%) Ref

>=51 196 (46.0%) | 565 (69.8%) 2.70 (2.12- 3.44) <0.000
Total 426 (100%) 810 (100%)

Parity

Parous 362 (85.0%) | 650 (80.2%) Ref

Nulliparous | 64 (15.0%) 160 (19.8%) 1.39 (1.01- 1.92) <0.041
Total 426 (100%) 810 (100%)

Age at first delivery (years)

<=20 113 (31.2%) | 204 (31.4%) Ref

21-30 212 (58.6%) | 391 (60.2%) 0.82 (0.51- 1.32) 0.424
>=31 37 (10.2%) 55 (8.5%) 0.80 (0.51- 1.26) 0.346
Total 362 (100%) 650 (100)

No of Children

10-12 1 (0.3%) 4 (0.6%) Ref

7-9 15 (4.1%) 24 (3.7%) 0.49 (0.05-4.45) 0.531
4-6 133 (36.7%) | 199 (30.7% 1.23 (0.63- 2.41) 0.529
1-3 213 (58.8%) | 422 (65.0%) 1.32 (1.00-1.74) <0.045
Total 362 (100%) 649 (100%)

Breast Feeding

Yes 357 (83.8%) | 638 (78.8%) Ref

No 69 (16.2%) 172 (21.2%) 1.39 (1.02- 1.89) <0.034
Total 426 (100%) 810 (100%)

Lactation Duration (Months)

>=181 |12 (3.4%) | 13(2.0%) | Ref |
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121-180 18 (5.0%) 30 (4.7%) 1.97 (0.88- 4.40) 0.097
61-120 138 (38.7%) 193 (30.2%) 1.28 (0.69- 2.35) 0.423
1-60 189 (52.9%) | 404 (63.1%) 1.52 (1.15- 2.01) <0.003
Total 357 (100%) 640 (100%)

Birth Control Pills

No 331 (77.7%) | 657 (81.1%) Ref

Yes 95 (22.3%) 153 (18.9%) 0.81 (0.60- 1.08) 0.155
Total 426 (100%) 810 (100%)

Abortion

No 319 (74.9%) | 608 (75.1%) Ref

1 85 (20.0%) 143 (17.7%) 1.40 (0.84- 2.33) 0.188
>=2 22 (5.2%) 59 (7.3%) 1.59 (0.91- 2.78) 0.102
Total 426 (100%) 810 (100%)

Table 4: Reproductive History and their association with BC

LIFESTYLE FACTORS

Risk Factors | Cases N (%) | Controls N (%) OR (95% ClI) | Pvalue
Exercise

Everyday 123 (28.9%) | 220 (27.2%) Ref

3-4 times 111 (26.1%) |171(21.1%) | 1.22 (0.92- 1.61) 0.162
Never 192 (45.1%) | 419 (51.7%) | 1.41 (1.05- 1.90) <0.020
Total 426 (100%) | 810 (100%)

Sleeping Hours

>6 hrs 264 (62.0%) |579 (71.5%) | Ref

<6 hrs 162 (38.0%) | 231 (28.5%) | 0.65 (0.50- 0.83) <0.001
Total 426 (100%) | 810 (100%)

Night Duty

No 361 (84.7%) |718(88.6%) | Ref

Yes 65 (15.3%) | 92 (11.4%) 0.71 (0.50- 1.00) <0.051
Total 426 (100%) | 810 (100%)

Table 5: Lifestyle factors and their association with BC
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DIETARY HABITS

Risk Factors | Cases N (%) | Controls N (%) | OR (95% CI) P value
Pork

Never 45 (10.6%) | 85 (10.5%) Ref

Thrice 346 (81.2%) | 688 (84.9%) 0.56 (0.31- 1.00) 0.052
Everyday 35 (8.2%) 37 (4.6%) 0.53 (0.32- 0.85) <0.010
Total 426 (100%) | 810 (100%)

Fish

Never 22 (5.2%) 59 (7.3%) Ref

Thrice 277 (65.0%) | 582 (71.9%) 0.49 (0.28- 0.85) <0.011
Everyday 127 (29.8%) | 169 (20.9%) 0.63 (0.48- 0.83) <0.001
Total 426 (100%) | 810 (100%)

Chicken

Never 16 (3.8%) 43 (5.3%) Ref

Thrice 279 (65.5%) | 544 (67.2%) 0.63 (0.34- 1.16) 0.144
Everyday 131 (30.8%) | 223 (27.5%) 0.87 (0.67- 1.13) 0.305
Total 426 (100%) | 810 (100%)

Beef

Never 68 (16.0%) | 137 (16.9%) Ref

Thrice 260 (61.0%) | 542 (66.9%) 0.66 (0.44- 0.98) <0.040
Everyday 98 (23.0%) | 131 (16.2%) 0.64 (0.47- 0.86) <0.004
Total 426 (100%) | 810 (100%)

Fruits

Regular 135 (31.7%) | 181 (22.3%) Ref

Normal 278 (65.3%) | 600 (74.1%) 1.66 (0.83- 3.32) 0.149
Never 13 (3.1%) 29 (3.6%) 1.03 (0.52- 2.01) 0.923
Total 426 (100%) | 810 (100%)

Vegetables

Regular 340 (79.8%) | 702 (86.7%) Ref

Occasional | 86 (20.2%) | 108 (13.3%) 0.60 (0.44- 0.83) <0.002
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Total 426 (100%) | 810 (100%)

Sa-um

Never 88 (20.7%) | 135 (16.7%) Ref

Normal 283 (66.4%) | 623 (76.9%) 0.61 (0.38- 0.98) <0.041
Regular 55(12.9%) | 52 (6.4%) 0.42 (0.28- 0.64) <0.000
Total 426 (100%) | 810 (100%)

Smoked Food

Never 43 (10.1%) | 121 (14.9%) Ref

Consumer | 383 (89.9% ) | 689 (85.1%) 0.63 (0.44- 0.92) <0.018
Total 426 (100%) | 810 (100%)

Salt Intake

Less 142 (33.3%) | 293 (36.2%) Ref

Heavy 284 (66.7%) | 517 (63.8%) 0.88 (0.68- 1.13) 0.321
Total 426 (100%) | 810 (100%)

Water Intake

>2 Ltrs 49 (11.5%) | 72 (8.9%) Ref

1-2 Ltrs 125 (29.3%) | 313 (38.6%) 1.14 (0.77- 1.70) 0.494
<1 Ltr 252 (59.2%) | 425 (52.5%) 0.67 (0.52- 0.87) <0.003
Total 426 (100%) | 810 (100%)

Oil Intake

Less 130 (30.5%) | 267 (33.0%) Ref

Normal 146 (34.3%) | 320 (39.5%) 0.72 (0.53- 0.97) 0.032
Heavy 150 (35.2%) | 223 (27.5%) 0.67 (0.51- 0.90) <0.008
Total 426 (100%) | 810 (100%)

Table 6: Dietary habits and their association with BC
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TOBACCO AND ALCOHOL HISTORY

Risk factors | Cases N (%) | Controls N (%) | OR (95% CI) P value
Sahdah consumption

Never 150 (35.2%) | 360 (44.4%) Ref

Consumer 276 (64.8%) | 450 (55.6%) 0.679 (0.533- 0.866) | <0.002
Total 426 (100%) | 810 (100%)

Khaini consumption

Never 349 (81.9%) | 756 (93.3%) Ref

Consumer 77 (18.1%) | 54 (6.7%) 0.324 (0.224- 0.469) | <0.000
Total 426 (100%) | 810 (100%)

Tuibur consumption

Never 297 (69.7%) | 632 (78.0%) Ref

Consumer 129 (30.3%) | 178 (22.0%) 0.648 (0.497- 0.845) | <0.001
Total 426 (100%) | 810 (100%)

Cigarette consumption

Non Smoker | 306 (71.8%) | 613 (75.7%) Ref

Smoker 120 (28.2%) | 197 (24.3%) 0.819 (0.629- 1.068) | 0.141
Total 426 (100%) | 810 (100%)

Alcohol consumption

Never 419 (98.4%) | 786 (97.0%) Ref

Consumer 7 (1.6%) 24 (3.0%) 1.828 (0.781- 4.277) | 0.164
Total 426 (100%) | 810 (100%)

Table 7: Tobacco and Alcohol consumption and their association with BC
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FAMILY HISTORY IN RELATION TO CANCER

Risk factors | Cases N (%) | Controls N (%) | OR (95% CI) P value
1%t and 2" degree relative with breast cancer

No 333 (78.2%) | 724 (89.4%) Ref

yes 93 (21.8%) | 86 (10.6%) 0.425 (0.309- 0.586) | <0.000
Total 426 (100%) | 810 (100%)

1% and 2" degree relative with ovarian cancer

No 368 (86.4%) | 707 (87.3%) Ref

1-2 58 (13.6%) | 103 (12.7%) 0.924(0.654-1.306) | 0.655
Total 426 (100%) | 810 (100%)

1%t and 2" degree relative with other cancer

No 149 (35.0%) | 350 (43.2%) Ref

15 273 (64.1%) | 458 (56.5%) 0.213(0.039-1.175) | 0.076
6-10 4 (0.9%) 2 (0.2%) 0.298(0.054-1.638) | 0.164
Total 426 (100%) | 810 (100%)

Inheritable Disease

No 276 (64.8%) | 645 (79.6%) Ref

14 150 (35.2%) | 165 (20.4%) 0.471(0.362-0.612) | <0.000
Total 426 (100%) | 810 (100%)

Table 8: Family History in relation to hereditary diseases and cancer

52



Results

Multivariate analysis of potentialy important factors from univariate analysis
showed that the risk of developing BC is found to be higher among those individuals
with late age at menopause odds ratio (OR)= 0.356, 95% confidence interval (CI),
0.260- 0.488), shorter lactation duration (OR= 0.546, 95% CI, 0.395- 0.756), lack of
physical exercise (OR= 0.506, 95% CI, 0.345- 0.742), lesser water intake (OR=
1.640, 95% CI, 1.178- 2.283) and also vegetables (OR= 1.989, 95% CI, 1.329-
2.977), high amount of sa-um consumption (OR= 1.930, 95% CI, 1.143- 3.260),
smoked food (OR= 1.724, 95% ClI, 1.070- 2779) and khaini (OR= 2.800, 95% ClI,
1.726- 4.543), having 1% and 2" degree relative with BC (OR= 2.458, 95% ClI,
1.671- 3.618) and other inheritable diseases (OR= 2.693, 95% CI, 1.925- 3.769) were

observed to have a significant association with BC risk (Table 9).

Risk Factors Odds Ratio (95% CI) P value
Age at Menopause 0.356 (0.260- 0.488) <0.000
Lactation Duration 0.546 (0.395- 0.756) <0.000
Exercise 0.506 (0.345- 0.742) < 0.000
Vegetables 1.989 (1.329- 2.977) <0.001
Sa-um 1.930 (1.143- 3.260) <0.014
Smoked Food 1.724 (1.070- 2779) <0.025
Water intake 1.640 (1.178- 2.283) <0.003
Khaini consumption 2.800 (1.726- 4.543) <0.000
1% and 2™ degree BC relative 2.458 (1.671- 3.618) < 0.000
Inheritable Diseases 2.693 (1.925- 3.769) <0.000

Table 9: Multivariate analysis for the significant risk factors
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The Receiver Operating Characteristics (ROC) curves plotted by selecting
larger test results to indicate more positive test shows that the inheritable diseases
(AUC: 0.574, 95% CI: 0.540- 0.608), having 1% and 2" degree relatives with BC
(AUC: 0.556, 95% CI: 0.522- 0.591), high consumption of khaini (tobacco) (AUC:
0.557, 95% CI: 0.522- 0.592), smoked food (AUC: 0.524, 95% CI: 0.491- 0.558) and
sa-um (fermented pork fats) (AUC: 0.508, 95% CI: 0.473- 0.543) are potential
significant risk factors for BC, while late age at menopause was found to act as a

potential confounding factors among the Mizo BC patient (Figure 3).
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ROC Curve

Results

Sensitivity

Source of the Curve

—Inhertable disease
— 1st and 2nd relative BC
Khaini consumption

— Smoked food
Sa-um

= Age at menopause
Reference Line

Diagonal segments are produced by ties.

T
e

1 - Specificity

Area Under the Curve

Test Result Variable(s) Area Std. Asymptotic Asymptotic 95%
Error® Sig.? Confidence Interval
Lower Upper Bound
Bound
Inheritable disease 574 .017 .000 540 .608
1st and 2nd relative BC 556 .018 .001 522 591
Khaini consumption 557 .018 .001 522 592
Smoked food 524 .017 161 491 .558
Sa-um 508 .018 .628 473 543
Age at menopause 381 .017 .000 .348 415

Figure 3: ROC curve for larger values to indicate more positive test.
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By selecting smaller test results to indicate more positive test on ROC curve,
we observed lack of physical exercises (AUC: 0.536, 95% CI: 0.499- 0.573) and
shorter lactation duration (AUC: 0.551, 95% CI: 0.514- 0.588) to play a major role
for BC development. Whereas, lesser intake of water and vegetables were found to

act as a potential confounding factors (Figure 4).

ROC Curve
Source of the
Curve
—\Water intake
— “egetables
Exercise
— Lactation duration
Reference Line
£
a
0.0 T T T T
0.0 0.2 0.4 0.6 o.g 1.0
1 - Specificity
Diagonal segments are produced by ties.
Area Under the Curve
Test Result Area Std. Asymptotic Asymptotic 95%
Variable(s) Error? Sig.” Confidence Interval
Lower Upper Bound
Bound
Water intake 467 .019 .082 429 504
Vegetables 478 .019 .240 440 515
Exercise .536 .019 .059 499 573
Lactation duration 551 .019 .008 514 .588

Figure 4: ROC curve for smaller values to indicate more positive test
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From the formaldehyde estimation, fish coming from Andhra Pradesh was
observed to have the highest concentration (3.17 ug/g), followed by Silchar (1.52

1g/g), Burma (0.28 pg/g) and Mizoram (0.17 pg/g).

2. Association of Histological tumor grade with other clinical and epidemiological
features

This study includes samples with age range 23- 67 years with mean age 48
years. Infiltrating ductal carcinoma prevalence is found to be higher than infiltrating
lobular carcinoma. Size of the tumor ranges from 1- 20.5 cm, with size < 5cm found
to be most prevalent (86.40%). The independent expression of ER+, PR+ and
HER2/neu+ were found to be almost similar with 54.36%, 49.51% and 49.51%,
respectively. Expression of hormone receptor double subtype (ER+/PR+) with
46.60% is most common in grade | tumor whereas, ER-/PR- (42.71%) is more
prevalent in grade Il tumor. ER+/PR- (7.76%) or ER-/PR+ (2.91%) are found in 10%
of the cases with tumor grade | and Il and was not observed in tumor grade IlI.
ER+/PR+/HER2- (27.18%) was found to be the most observed triple subtype,
followed by ER-/PR-/HER2+ (25.24%), ER+/PR+/HER2+ (19.41%) and ER-/PR-
/HER2- (17.47%). Distribution of clinico- pathological features of BC tumor is

summarized in Table 10.
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Clinical and Histological features

Mean (min-max)

No. of Cases (%0)

Age at diagnosis (Years) 48 (23-67) 103
Histological subtype
Infiltrating Ductal Carcinoma 101 (98%)
Infiltrating Lobular Carcinoma 2 (1.9%)
Pathological tumor size 3.44 (1-20.5)
0-5 2.671 (1-5) 89 (86.40%)
5-10 7.075 (5.4- 9.5) 12 (11.65%)
>10 16.25 (12- 20.5) 2 (1.94%)
Lymph node invasion
Positive 54 (52.42%)
Negative 49 (47.57%)
Histological grade
Grade | 43 (41.74%)
Grade 1l 48 (46.60%)
Grade 11l 12 (11.65%)
Hormone receptor status
ER +ve 56 (54.36%)
ER —ve 47 (45.63%)
PR +ve 51 (49.51%)
PR —ve 52 (50.48%)
Her2 +ve 51 (49.51%)
Her2 —ve 52 (50.48%)
ER+/PR + 48 (46.60%)
ER+/PR- 8 (7.76%)
ER-/PR - 44 (42.71%)
ER-/PR+ 3 (2.91%)
ER+/PR+/HER2+ 20 (19.41%)
ER+/PR+/HER2- 28 (27.18%)
ER+/PR-/HER2+ 3(2.91%)
ER+/PR-/HER2- 5 (4.85%)
ER-/PR-/HER2+ 26 (25.24%)
ER-/PR-/HER2- 18 (17.47%)
ER-/PR+/HER2+ 2 (1.94%)
ER-/PR+/HER2- 1 (0.97%)

Table 10: Clinical and pathological features of BC tumor samples
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From the analysis of tumor grade and their association with lymph node

invasion, tumor characteristics, ER, PR and HER2/neu oncoprotein- we have

observed that with the increase in tumor grade, there is more of positive lymph node

invasion. Significant association was found between the tumor grade and lymph node

invasion (p<0.021), while no association was observed between tumor grade with the

type, side, size and site of tumor. We also observed an association with ER (p <

0.004) and Her2/neu (p< 0.014) independently, expression of double subtype ER/PR

(p< 0.007) and triple subtype ER/PR/HER2 (p< 0.025) with tumor grade. We also

observed less expression of ER in higher grade of tumor (Table 11).

Factors Grade | Grade 11 Grade 111 p-value

(n=43) (n=48) (n=12)

Lymph node invasion

(+ve) 17 (39.53%) | 27 (56.25%) | 10 (83.33%) 0,001

(-ve) 26 (60.46%) | 21 (43.75%) | 2 (16.67%)

Tumor type

IDC 42 (97.67%) |48 (100.00%) | 11 (91.67%) 0160

ILC 1 (2.32%) 0 (0.00%) 1 (8.33%)

Tumor side

Left 17 (39.53%) | 30 (62.50%) |5 (41.67%)

Right 25 (58.13%) | 17 (35.42%) |7 (58.33%) | 0.228

Both 1 (2.32%) 1 (2.08%) 0 (0.00%)

Tumor site

All quadrant 0 (0.00%) 2 (4.17%) 1 (8.33%)

Retro-areola 4 (9.30%) 5 (10.42%) 1(8.33%) 0.700

LIQ/LOQ 9(20.93%) | 10 (20.83%) | 1 (8.33%)

UlQ/UoQ 30(69.76%) | 31(64.58%) | 9(75.00%)
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Tumor size (mm)

1-5 37 (86.04%) |42 (87.50%) |10 (83.33%)

5-10 6(13.95%) |5(10.42%) | 1(8.33%) 0.440
>10 0 (0.00%) 1 (2.08%) 1 (8.33%)

ER+/-

+ve 31 (72.09%) |22 (45.83%) | 3 (25.00%) 0,004
-ve 12 (27.91%) |26 (54.17%) | 9 (75.00%)

PR+/-

+ve 24 (55.81%) |24 (50.00%) | 3 (25.00%) 01668
-ve 19 (44.19%) |24 (50.00%) | 9 (75.00%)

HER2+/-

+ve 14 (32.56%) |30 (62.50%) | 7 (58.33%) 0.014
-ve 29 (67.44%) |18 (37.50%) |5 (41.67%)

Er/Pr status

ER+/PR+ 24 (55.81%) |21 (43.75%) | 3 (25.00%)

ER+/PR- 7 (16.28%) | 1 (2.08%) 0 (0.00%) 0,007
ER-/PR+ 0 (0.00%) 3 (6.25%) 0 (0.00%)

ER-/PR- 12 (27.91%) |23 (47.92%) | 9 (75.00%)
Er/Pr/Her2 status

Er+/Pr+/Her2+ 6 (13.95%) |12 (25.00%) |2 (16.67%)
ER+/PR+/HER2- 18 (41.86%) |9 (18.75%) | 1 (8.33%)
ER+/PR-/HER2+ 3 (6.98%) 0 (0.00%) 0 (0.00%)
ER+/PR-/HER2- 4 (9.30%) 1 (2.08%) 0 (0.00%)
ER-/PR+/HER2+ 0 (0.00%) 2 (4.17%) 0 (0.00%) 0.025
ER-/PR+/HER2- 0 (0.00%) 1 (2.08%) 0 (0.00%)
ER-/PR-/HER2+ 5(11.63%) |16 (33.33%) |5 (41.67%)
ER-/PR-/HER2- 7(16.28%) |7 (14.58%) |4 (33.33%)

Table 11: Correlation between tumor grade with lymph node invasion, tumor

characteristics, hormone receptors and HER2/neu oncoprotein
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Analysis of different variables of reproductive factors showed that there is no
association with tumor grade. 67.96% of BC cases included in the study were
diagnosed at age >40 years. Our analysis showed that having at least one or more
first degree relative’s BC has a significant association with tumor grade (p<0.003).
Other variables do not show any association with tumor grade (Table 12). From the
analysis of the same factors, among 40-55 years at diagnosis, a consistent result was

observed with having BC relative’s (one or more first degree) (p<0.029) (Table 13).

Factors Grade | Grade Il Grade Il | p-value
(n=43) (n=48) (n=12)

Age range (mean) 49 46 49 0.482
Age at marriage (mean) 24 23 22 0.164
Age at menarche 15 15 15 0.286
Age at first delivery 24 25 23 0.225
No. of live birth 3 4 3 0.321
Lactation (months) 66 74 71 0.081
Age at diagnosis
<40 12 (36.3%) | 16 (48.48%) | 5 (15.15%) 0 640
>40 31 (44.28%) | 32 (45.71%) | 7 (10.00%)
Marital status
married 39 (42.85%) | 40 (43.95%) | 12 (13.18%) 0205
single 4 (33.33%) | 8 (66.66%) 0 (0.00%)
Menopausal
Pre 13 (37.14%) | 18 (51.42%) | 4 (11.42%) 0765
Post 30 (44.11%) | 30 (44.11%) | 8 (11.76%)
Parity
parous 38 (42.22%) | 40 (44.44%) | 12 (13.33%)
nulliparous 5 (38.46%) | 8(61.53%) 0 (0.00) 0.l
Breast feeding
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yes 38 (42.22%) | 40 (44.44%) | 12 (13.33%) 0260
no 5(38.46%) | 8(61.53%) | 0 (0.00%)

Oral contraceptive pills

Yes 9 (34.61%) | 15 (57.69%) | 2 (7.69%) | 0.405
no 34 (44.15%) | 33 (42.85%) | 10 (12.98%)
Abortion

never 30 (38.46%) | 38 (48.71%) | 10 (12.82%)

once 11 (57.89%) | 7 (36.84%) | 1(5.26%) | 0.089
twice 2(33.33%) | 3(50.00%) | 1(16.67%)

1° degree relative with breast cancer

No 41(95.35%) | 46(95.83%) | 10 (83.33%)

1-2 2(4.65%) | 2(4.17%) 0(0.00%)

>3 0(0.00%) 0(0.00%) 2(16.67%) <0003
2" degree relative with breast cancer

No 38(88.37%) | 41(85.42%) | 10(83.33%) 0570
1 5(11.63%) | 7(14.58%) | 2(16.67%)

1%'& 2" degree relative with ovarian cancer

No 39(90.70%) | 40(83.33%) | 11(91.67%) 0511
land 2 4(9.30%) 8(16.67%) 1(8.33%)

1%'& 2" degree relative with other cancer

No 15(34.88%) | 20(41.67%) | 3(25.00%)

land?2 25(58.14%) | 19(39.58%) | 8(66.67%) 0219
>3 3(6.98%) | 9(18.75%) | 1(8.33%)
Inheritable disease

No 30(69.77%) | 35(72.92%) | 8(66.67%)

1-3 13(30.23%) | 13(27.08%) | 4(33.33%) | 0.893

Table 12: Correlation between tumor grade with reproductive and family

history of BC
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Factors Grade | Grade Il Grade 111 p- value
(n=21) (n=25) (n=5)

Age at marriage
<25 13 (72.2%) 14 (63.6%) 5 (100.0%) 0.267
>25 5 (27.8%) 8 (36.4%) 0 (0.0%)
Age at menarche
>16 7 (33.3%) 13 (52.0%) 2 (40.0%) 0.440
<15 14 (66.7%) 12 (48.0%) 3 (60.0%)
Age at 1% delivery
<30 19 (90.5%) 20 (80.0%) 5 (100.0%) 0.379
>31 2 (9.5%) 5 (20.0%) 0 (0.0%)
Number of live birth
>3 4 (23.5%) 8 (38.1%) 1 (20.0%) 0.542
<3 13 (76.5%) 13 (61.9%) 4 (80.0%)
Lactation duration (months)
>72 months 4 (23.5%) 8 (38.1%) 0 (0.0%) 0.204
<72 months 13 (76.5%) 13 (61.9%) 5 (100.0%)
Age at diagnosis
<48 10 (47.6%) 15 (60.0%) 3 (60.0%) 0.682
> 49 11 (52.4%) 10 (40.0%) 2 (40.0%)
Marital status
Married 18 (85.7%) 22 (88.0%) 5 (100%) 0.671
Single 3 (14.3%) 3 (12.0%) 0 (0.0%)
Age at menopause
Pre 5 (23.8%) 8 (32.0%) 2 (40.0%) 0.716
Post 16 (76.2%) 17 (68.0%) 3 (60.0%)
Parity
Parous 17 (81.0%) 21 (84.0%) 5 (100%) 0.574
Nulliparous 4 (19.0%) 4 (16.0%) 0 (0.0%)
Breast feeding
Yes 17 (81.0%) 21 (84.0%) 5 (100.0%) 0.574
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No 4 (19.0%) 4 (16.0%) 0 (0.0%)

Oral contraceptive pills

No 18 (85.7%) 20 (80.0%) 4 (80.0%) 0.870
Yes 3 (14.3%) 5 (20.0%) 1 (20.0%)

Abortion

Never 16 (76.2%) 22 (88.0%) 4 (80.0%) 0.808
Once 4 (19.0%) 2 (8.0%) 1 (20.0%)

Twice 1 (4.8%) 1 (4.0%) 0 (0.0%)

1% degree relative with breast cancer

No 20 (95.2%) 25 (100.0%) 4 (80.0%) <0.029
1-2 1 (4.8%) 0 (0.0%) 0 (0.0%)

>3 0 (0.0%) 0 (0.0%) 1 (20.0%)

2"% degree relative with breast cancer

No 19 (90.5%) 20 (80.0%) 4 (80.0%) 0.599
1 2 (9.5%) 5 (20.0%) 1 (20.0%)

1%'and 2" degree relative with ovarian cancer

No 19 (90.5%) 20 (80.0%) 4 (80.0%) 0.599
1-2 2 (9.5%) 5 (20.0%) 1 (20.0%)

1% and 2" degree relative with other cancer

No 8 (38.1%) 7 (28.0%) 2 (40.0%) 0.566
1and 2 11 (52.4%) 12 (48.0%) 3 (60.0%)

>3 2 (9.5%) 6 (24.0%) 0 (0.0%)

Inheritable diseases

No 13 (61.9%) 18 (72.0%) 3 (60.0%) 0.728
1-3 8 (38.1%) 7 (28.0%) 2 (40.0%)

Table 13: Correlation between tumor grade with reproductive and family

history of breast cancer among patients diagnosed at age between 40-55 years.
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The analysis of lifestyle habits and their impact on tumor grade was found to
be non-significant for exercise, sleeping hours or night duty. From the analysis of
dietary habits, despite significant differences observed in the intake amount and
frequencies of the variables, there was no association observed between dietary habits
and tumor grade. There was no significant association between tobacco related

products and alcohol consumption with tumor grade (Table 14).

Factors Grade I (43) Grade Il (48) | Grade Ill (12) | p-value
Pork
Never 2(4.65%) 9(18.75%) 1(8.33%)
Once 23(53.49%) 26(54.17%) 5(41.67%) 0035
Thrice 12(27.91%) 11(22.92%) 5(41.67%)
everyday 6(13.95%) 2(4.17%) 1(8.33%)
Fish
Never 0(0.00%) 7(14.58%) 1(8.33%)
Once 29(67.44%) 30(62.50%) 7(58.33%) 0105
Thrice 8(18.60%) 8(16.67%) 4(33.33%)
everyday 6(13.95%) 3(6.25%) 0(0.00%)
Chicken
Never 1(2.33%) 4(8.33%) 0(0.00%)
Once 29(67.44%) 33(68.75%) 7(58.33%) 0378
Thrice 7(16.28%) 9(18.75%) 4(33.33%)
everyday 6(13.95%) 2(4.17%) 1(8.33%)
Beef
Never 3(6.98%) 9(18.75%) 4(33.33%)
Once 28(65.12%) 29(60.42%) 6(50.00%) 0.230
Thrice 6(13.95%) 8(16.67%) 1(8.33%)
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everyday 6(13.95%) 2(4.17%) 1(8.33%)

Fruits

Regular 15(34.88%) 17(35.42%) 4(33.33%)

Normal 27(62.79%) 27(56.25%) 7(58.33%) 0.785
Never 1(2.33%) 4(8.33%) 1(8.33%)

Vegetables

Regular 36(83.72%) 32(66.67%) 8(66.67%)

Normal 7(16.28%) 12(25.00%) 3(25.00%) 0.243
Never 0(0.00%) 4(8.33%) 1(8.33%)

Sa-um

Never 8(18.60%) 12(25.00%) 4(33.33%)

Normal 27(62.79%) 28(58.33%) 7(58.33%) 0.796
regular 8(18.60%) 8(16.67%) 1(8.33%)

Smoked meat

Never 5(11.63%) 7(14.58%) 2(16.67%)

Normal 35(81.40%) 36(75.00%) 10(83.33%) 0.773
regular 3(6.98%) 5(10.42%) 0(0.00%)

Smoked Vegetables

Never 11(25.58%) 14(29.17%) 2(16.67%)

Normal 29(67.44%) 31(64.58%) 8(66.67%) 0.733
regular 3(6.98%) 3(6.25%) 2(16.67%)

Salt Intake

Less 15(34.88%) 15(31.25%) 3(25.00%) 0,500
Heavy 28(65.12%) 33(68.75%) 9(75.00%)

Oil Intake

Less 14(32.56%) 15(31.25%) 3(25.00%) 088
Heavy 29(67.44%) 33(68.75%) 9(75.00%)

Water Intake

>2 Itrs 6(13.95%) 7(14.58%) 2(16.67%)

1-2 Itrs 9(20.93%) 14(29.17%) 3(25.00%) 0.985
500-1 Itr 23(53.49%) 22(45.83%) 6(50.00%)
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1-2 glass 5(11.63%) 5(10.42%) 1(8.33%)

Exercise

never 20(46.51%) 27(56.25%) 3 (25.00%)

3-4 times 10(23.26%) 8(16.67%) 6(50.00%) 0.153
everyday 13(30.23%) 13(27.08%) 3(25.00%)

Sleeping Hours

1-3 2(4.65%) 4(8.33%) 1 (8.33%)

3-6 10(23.26%) 18(37.50%) 5(41.67%) 0151
6-8 27(62.79%) 21(43.75%) 5(41.67%)

8-10 4(9.30%) 5(10.42%) 1(8.33%)

Night Duty

yes 9(20.93%) 6(12.50%) 3 (25.00%) 0438
no 34(79.07%) 42(87.5%) 9(75.00%)

Betel nut/pan

Never 8(18.60%) 10(20.83%) 5(41.67%)

Less 14(32.56%) 7(14.58%) 2(16.67%) 0278
Normal 10(23.26%) 16(33.33%) 3(25.00%)

heavy 11(25.58%) 15(31.25%) 2(16.67%)

Gutkha

Never 39(90.70%) 44(91.67%) 12(100.00%)

Less 2(4.65%) 2(4.17%) 0(0.00%) 0578
Normal 1(2.33%) 1(2.08%) 0(0.00%)

heavy 1(2.33%) 1(2.08%) 0(0.00%)

Sahdah

Never 13(30.23%) 11(22.92%) 6(50.00%)

Less 11(25.58%) 4(8.33%) 1(8.33%) 0111
Normal 6(13.95%) 12(25.00%) 2(16.67%)

heavy 13(30.23%) 21(43.75%) 3(25.00%)

Khaini

Never 33(76.74%) 32(66.67%) 10(83.33%) 0307
Less 4(9.30%) 7(14.58%) 0(0.00%)
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Normal 4(9.30%) 2(4.17%) 0(0.00%)

heavy 2(4.65%) 7(14.58%) 2(16.67%)

Tuibur

Never 32(74.42%) 30(62.50%) 6(50.00%)

Less 4(9.30%) 10(20.83%) 3(25.00%) 0503
Normal 5(11.63%) 4(8.33%) 2(16.67%)

heavy 2(4.65%) 4(8.33%) 1(8.33%)

Cigarette

Never 24(55.81%) 34(70.83%) 8(66.67%)

Less 6(13.95%) 6(12.50%) 1(8.33%) 0562
Normal 7(16.28%) 2(4.17%) 2(16.67%)

heavy 6(13.95%) 6(12.50%) 1(8.33%)

Alcohol

Never 41(95.35%) 48(100.00%) | 12(100.00%)

Less 2(4.65%) 0(0.00%) 0(0.00%) | 924

Table 14: Correlation between tumor grade lifestyle and dietary habits, tobacco

and alcohol habits

Analysis was performed among age group 40-55 years. However, no

significant association was observed between tumor grades with the factors

considered under lifestyle, dietary, tobacco and alcohol habits (Table 15).

Factors Grade | Grade 11 Grade 111 p-value

(n=21) (n=25) (n=5)

Pork

Never 2 (9.5%) 3 (12.0%) 0 (0.0%) 0.858

Once 9 (42.9%) 12 (48.0%) 2 (40.0%)

Thrice 7 (33.3%) 9 (36.0%) 2 (40.0%)

Everyday 3 (14.3%) 1 (4.0%) 1 (20.0%)

Fish
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Never 0 (0.0%) 3 (12.0%) 0 (0.0%) 0.511
Once 14 (66.7%) 16 (64.0%) 4 (80.0%)

Thrice 4 (19.0%) 5 (20.0%) 1 (20.0%)

Everyday 3 (14.3%) 1 (4.0%) 0 (0.0%)

Chicken

Never 1 (4.8%) 1 (4.0%) 0 (0.0%) 0.881
Once 14 (66.7%) 18 (72.0) 3 (60.0%)

Thrice 3 (14.3%) 5 (20.0%) 1 (20.0%)

Everyday 3 (14.3%) 1 (4.0%) 1 (20.0%)

Beef

Never 2 (9.5%) 4 (16.0%) 0 (0.0%) 0.642
Once 13 (61.9%) 15 (60.0%) 4 (80.0%)

Thrice 3 (14.3%) 5 (20.0%) 0 (0.0%)

Everyday 3 (14.3%) 1 (4.0%) 1 (20.0%)

Fruits

Regular 7 (33.3%) 9 (36.0%) 2 (40.0%) 0.957
Normal 13 (61.9%) 14 (56.0%) 3 (60.0%)

Never 1 (4.8%) 2 (8.0%) 0 (0.0%)

Vegetables

Regular 17 (81.0%) 18 (72.0%) 5 (100.0%) 0.476
Normal 4 (19.0%) 5 (20.0%) 0 (0.0%)

Never 0 (0.0%) 2 (8.0%) 0 (0.0%)

Sa-um

Never 6 (28.6%) 5 (20.0%) 2 (40.0%) 0.884
Normal 9 (42.9%) 13 (52.0%) 2 (40.0%)

Regular 6 (28.6%) 7 (28.0%) 1 (20.0%)

Smoked meat

Never 3 (14.3%) 5 (20.0%) 1 (20.0%) 0.693
Normal 13 (61.9%) 13 (52.0%) 4 (80.0%)

Regular 5 (23.8%) 7 (28.0%) 0 (0.0%)

Smoked vegetables
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Never 5 (23.8%) 7 (28.0%) 1 (20.0%) 0.968
Normal 11 (52.4%) 14 (56.0%) 3 (60.0%)

Regular 5 (23.8%) 4 (16.0%) 1 (20.0%)

Salt intake

Less 10 (47.6%) 5 (20.0%) 2 (40.0%) 0.133
Heavy 11 (52.4%) 20 (80.0%) 3 (60.0%)

Oil intake

Less 6 (28.6%) 7 (28.0%) 1 (20.0%) 0.925
Heavy 15 (71.4%) 18 (72.0%) 4 (80.0%)

Water intake

> 2 Itrs 3 (14.3%) 3 (12.0%) 2 (40.0%) 0.716
1-2 Itrs 5 (23.8%) 8 (32.0%) 1 (20.0%)

500-1 Itr 9 (42.9%) 11 (44.0%) 2 (40.0%)

1-2 glass 4 (19.0%) 3 (12.0%) 0 (0.0%)

Exercise

Everyday 8 (38.1%) 8 (32.0%) 1 (20.0%) 0.752
3-4 times 4 (19.0%) 4 (16.0%) 2 (40.0%)

Never 9 (42.9%) 13 (52.0%) 2 (40.0%)

Sleeping hours

8-10 hrs 2 (9.5%) 2 (8.0%) 1 (20.0%) 0.823
6-8 hrs 14 (66.7%) 13 (52.0%) 2 (40.0%)

3-6 hrs 4 (19.0%) 9 (36.0%) 2 (40.0%)

1-3 hrs 1 (4.8%) 1 (4.0%) 0 (0.0%)

Night duty

Yes 16 (76.2%) 22 (88.0%) 5 (100.0%) 0.327
No 5 (23.8%) 3 (12.0%) 0 (0.0%)

Betel nut/pan

Never 4 (19.0%) 6 (24.0%) 2 (40.0%)

Less 6 (28.6%) 3 (12.0%) 1 (20.0%) 0.814
Normal 5 (23.8%) 8 (32.0%) 1 (20.0%)

Heavy 6 (28.6%) 8 (32.0%) 1 (20.0%)
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Gutkha

Never 20 (95.2%) 22 (88.0%) 5 (100.0%) 0.796
Less 1 (4.8%) 2 (8.0%) 0 (0.0%)

Normal 0 (0.0%) 1 (4.0%) 0 (0.0%)

Sahdah

Never 5 (23.8%) 6 (24.0%) 2 (40.0%) 0.174
Less 6 (28.6%) 1 (4.0%) 0 (0.0%)

Normal 4 (19.0%) 6 (24.0%) 0 (0.0%)

Heavy 6 (28.6%) 12 (48.0%) 3 (60.0%)

Khaini

Never 16 (76.2%) 14 (56.0%) 4 (80.0%) 0.605
Less 2 (9.5%) 5 (20.05) 0 (0.0%)

Normal 2 (9.5%) 2 (8.0%) 0 (0.0%)

Heavy 1 (4.8%) 4 (16.0%) 1 (20.0%)

Tuibur

Never 14 (66.7%) 17 (68.0%) 3 (60.0%) 0.437
Less 2 (9.5%) 5 (20.0%) 2 (40.0%)

Normal 3 (14.3%) 3 (12.0%) 0 (0.0%)

Heavy 2 (9.5%) 0 (0.0%) 0 (0.0%)

Cigarette

Never 14 (66.7%) 18 (72.0%) 4 (80.0%) 0.798
Less 2 (9.5%) 3 (12.0%) 0 (0.0%)

Normal 3 (14.3%) 1 (4.0%) 0 (0.0%)

Heavy 2 (9.5%) 3 (12.0%) 1 (20.0%)

Alcohol

Never 20 (95.2%) 25 (100.0%) 5 (100.0%) 0.483
Less 1 (4.8%) 0 (0.0%) 0 (0.0%)

Table 15: Correlation between tumor grade with lifestyle, dietary, tobacco and

alcohol habits among patients diagnosed at age between 40-55 years.
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3. Study of mutations in candidate genes and their association with BC in Mizo
Population
3.1. Study of genetic alteration using Direct Sanger Sequencing:

Pictures of agarose gel showing isolated genomic DNA is given in figure 5.

23t df SE R 6f 7f 8f 9f 10f 11f 12f 13f 14f 15f 16E LTS ASEIOE20F

== ey

Figure 5: Representative gel picture of isolated genomic DNA from blood

samples (F- Familial Breast Cancer).

Amplification of selected genes such as BRCAL, TP53, PTEN, CDH1,
CHEK2, XRCC2 was carried out using PCR for the specified region of interest

[Figure 6 (i-vi)].

W TP53 exon 8
BRCAI exon 11ab
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Figure 6(i): BRCA1 amplified products. Figure 6(ii): TP53 amplified products.
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PTEN exon § CDHI exon 9
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Figure 6(iii): PTEN amplified products. Figure 6(iv): CDH1 amplified products

HEK? exon 12
CHEK? exon 12 XRCC2 exon 2
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Figure 6(v): CHEK2 amplified products. Figure 6(vi): XRCC2 amplified

products

Figure 6: Amplification showing the estimated product size of the selected

region of interest. i). BRCAL ii). TP53 iii). PTEN iv). CDHI v). CHEK?2

vi). XRCC2
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From this analysis, eight polymorphisms in three exons (11, 13 and 15) of BRCA1
gene was identified. Four are non- synonymous and the other four are synonymous.
Among the synonymous polymorphisms, one variant, ¢g.95900A>T: c.4772A>T:
p.P1544P in exon 15 was found to be novel. Several genetics clinics and research
groups had reported the other seven remaining polymorphisms in BIC, ARUP
BRCA, dbSNP and ClinVar databases. Details of the polymorphisms and
chromatographic files are given in Table 16 and Figure 7 (i to vii), respectively.
There was no significant amino acid change to be noted since all the polymorphisms
represent silent substitutions. These polymorphisms were observed in more than 90%
of the samples (in both cases and controls). In case of TP53, PTEN, CDH1, CHEK2

and XRCC2 gene, no genetic alterations in the exons of interest was observed.
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Align
Genomic Position A.A change
Exon HGVS rs 1D GVGD Zygosity ExXAC
(Ensembl NM_007294) (HGVS)
Score
0.77054T>C: ¢.2451T>C 0.41245237A>G p.L771L 16940 Co Homo/ Hetero 1. African
g.76825C>T: ¢.2222C>T | 9.41245466G>A p.S694S 1799949 Co Homo 2.South
11 | g.77355C>T: ¢.2752C>T | 9.41244936G>A p.P871L 799917 Co Homo/ Hetero Asian
g.77856A>G: ¢.3253A>G | 9.41244435T>C p.E1038G 16941 Co Homo/ Hetero 3.European
g.78291A>G: c.3688A>G | g.41244000T>C p.K1183R 16942 Co Homo/ Hetero (Finnish &
13 | 9.87821T>C: c.4448T>C | 9.41234470A>G p.S1436S 1060915 Co Homo/ Hetero | NonFinnish)
15 | g.95900A>T: c.4772A>T | novel p.P1544P novel Co Hetero 4.East asian
5.Latino
15 9.95904G>T: c.4776G>T | 9.41226387C>A p.D1546Y | 28897691 Co Hetero

Table 16: Polymorphisms observed in BRCA1 gene

75




Results

[T Y ——— ot piet B, [E1E 0631
; = u 1 ] m
GTAGCAGTATTTCATTGGTACCTGGTACTG BCCAGTCATTTECTCTETTT T ARATOCAT
,\||r|'|J ﬁ
I||'|'|| AR hf
ﬂlﬂ'l /\ || |I'I l'll ’1 ||||| \ W'W'I
| | || |I |
llf\l ,' . ]Jl V1Y
Figure 7: Exon-11, g.77054T>C Figure 8: Exon-11, g.77355C>T
AT R ——_ o it o LIS 31 g LTI i il Dot oot D i B 1EIITE (951
2 # il » m
AAT GTTTTTAAN GOAGCCAGCTCAAGCAATA CAAALAGC GTCCAGAAADGDG AGAGCTTAGEAG

N

Y _ﬁ l '\ |

Figure 9: Exon-11, g.77856A>G Figure 10: Exon-11, g.78291A>G

hhm-lr&" o rpeiby Doveements et P ) work e g o patientePatint o, 1131 0051

ji] 1] m
CATAAGTIGACTCTT CTGCCCTTOGAGGATC

AN

Figure 12: Exon-15, g.95900A>T and g.95904G>T
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2.2. Study of BC susceptibility gene BRCA1 and BRCA2 using Targeted re-

sequencing

In this BRCA1 and BRCA2 whole gene analysis consisting of 15
samples (10 BC cases and 5 healthy controls), two variants (¢. T5089C:p.C1697R and
€.C376T:p.Q126X) in BRCAL gene from sample 1F and 5F, respectively were found
to be pathogenic. These two observed variants have been reported in databases for
other populations and ¢.T5089C:p.C1697R is predicted to have a high score of
pathogenicity according to ALIGN- GVGD grading. Among the studied samples, we
did not observe any pathogenic variants in BRCA2 gene. Observed mutation

summary and chromatogram is given in Figures 13, 14 and Table 17.

Structural prediction was performed for the altered variants, however
we could obtain only for missense mutation (p.C1697R) that falls on exon 18 (Figure
15) since the prediction tool could only solve missense variants. This nonsense
pathogenic variant denoted as BRCALl c¢.376C>T at the cDNA level and
p.GIn126Ter (Q126X) at the protein level changes a Glutamine to a premature stop
codon (CAA>TAA), and is predicted to cause loss of normal protein function

through either protein truncation or nonsense-mediated mMRNA decay.
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Figure 14: BRCA1 exon 7 g.41256204 ¢.C376T p.Q126X

L

J‘M

Do oad

Figure 15: Structural prediction for p.C1697R
The proteins are represented in grey color, wildtype side chains in green color and

mutant residues in red color.
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) cDNA )
Patient 2 Mutation Posterior Align

ID Exon Position rs 1D Classification | probability
AA. Chg. type GVGD
c.T5089C Likely

1F 18 g.41215954 80356993 Missense 0.81 Grade C65
p.C1697R pathogenic
c.C376T 5-Definitely

5F 7 0.41256204 nonsense nonsense >0.99 -
p.Q126X Pathogenic

Table 17: Pathogenic variants observed in BRCAL gene, exon 18 and 7.
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2.3. Study on clinically significant mutations using Clinical Exome sequencing
From this study comprising of 12 samples (7 familial BC cases, 2
non-familial BC cases and 3 healthy controls), 16 variants that meets all the filtered
parameters were used for the analysis. According to the ACMG (American College
of Medical Genetics) variants classification guidelines, the 16 variants observed
consisted of 5- benign variants, 3- either benign or VUS (Variants of Uncertain
Significance), 1- likely benign and 7 variants falls into VUS. Also, from the observed
variants, 3 variants in BLM (p.Thrl62lle), CDKN2A (intronic) and FANCC
(p.Aspl197Gly) were found to be novel (Table 18). Protein structural prediction was
performed for novel missense variants, however, we could not obtain a structural
information for BLM ¢.485C>T: p.Thrl62lle and FANCC c.590A>G: p.Asp197Gly
since the 3D-structure was not available. Only structures of the amino acid residue
change (wild type and mutant residue) could be obtain for both the substitution

(Figures 16 and 17, respectively).
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GENE | GENOMIC VARIANT cDNA: AA_CHG MAF (ExAC) SAMPLE | CLASSIFICATION
POSITION CLASS (ACMG)
.1075_1095del:
BARD1 215645502 inframe-del 0.029 27f, 41f Benign
p.Leu359 Pro365del
BLM 91292983 missense c.485C>T: p.Thrl62lle Not reported | 41F \Vus
BLM 91295110 missense €.893C>T: p.Thr298Met 0.008 26f, 27f Benign
CDH1 68867391 missense €.2638G>A: p.Glu880Lys 0.000 26F Benign/ Vus
CDKN2A | 21968771 | intronic-ss-acr c.458-1G>A: NA Not reported | 8F \Vus
FANCC 97912301 missense ¢.590A>G: p.Aspl97Gly Not reported SINF Vus
FANCM 45644706 missense €.2749A>G: p.1le917Val 0.004 8f, 51nf Benign
GEN1 17947927 missense c.607A>G: p.lle203Val 0.016 31F Vus
GEN1 17963098 missense €.2619T>G: p.Ser873Arg 0.006 31F Vus
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GEN1 17942856 | intronic-ss-dnr €.348+7A>G: NA 0.016 31F \Vus
.4068_4071dup
MSHG6 48033981 | frameshift-ins 0.002 27F likely benign
p.Lys1358AspfsTer2
MUTYH | 45797401 missense €.1109C>T: p.Ala370Val 0.000385021 | 27f, 51nf \Vus
PALB2 23646375 missense €.1492G>T: p.Asp498Tyr 0.000510708 | 27F Benign/Vus
PMS2 6026864 missense €.1532C>T: p.Thr511Met 0.0093915 45F Benign
STK11 1223125 missense €.1062C>G: p.Phe354Leu 0.00575723 51nf, 147nf | Benign/Vus
intronic-ss-
VHL 10183876 .340+5G>C: NA 0.0145216 31F Benign
dnr-prx

Table 18: Variants observed from clinical exome sequencing using ACMG guidelines.
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OH
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H,N OH
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Figure 16: Structural prediction for BLM ¢.485C>T: p.Thri162lle.

Left- wildtype and right- mutant. The backbone, which is similar for both
amino acid, is shown in red color. The side chain, unique for each amino acid, is

shown in black color.
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Figure 17: Structural prediction for FANCC ¢.590A>G: p.Aspl197Gly.
Left- wildtype and right- mutant. The backbone, which is similar for both

amino acid, is shown in red color. The side chain, unique for each amino acid, is

shown in black color.
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The variants found through the clinical exome sequencing were analyzed using the
software prediction tools such as SIFT, Polyphen2, Provean, LRT, FATHMM,
METASVM, METALR and CADD fetched us 12 deleterious variants. 5 among the
observed variants were also found in the above approached (CDH1:p.Gly62Ser,
CDKN2A, MSH6: p.Lys1358AspfsTer2, MUTYH: p.Ala370Val, PALB2:
p.Asp498Tyr). Majority of the variants are missense while only two variants are

intronic-ss-acr and frameshift-ins (Table 19).
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GENE GENOMIC CDNA: VARIANT CLASS SOFTWARE NOVELTY
POSITION AA_CHG PREDICTION STATUS
c.6178C>T : .
ATM 108186820 0.Arg2060Cys missense Deleterious Reported
c.865A>C : .
BRCAZ2 32906480 0.Asn289His missense Deleterious Reported
C.2638G>A : :
CDH1 68867391 0.GIUBSOLYS missense Deleterious Reported
CDH1 68835593 C.184G>A missense Deleterious Reported
p.Gly62Ser
CDKN2A 21968771 c.45£|3\-|'1A\G>A intronic-ss-acr Deleterious Not Reported
MRE11A 94219145 €.259C>T missense Deleterious Reported
p.Arg87Trp
c.4068_4071dup e :
MSH6 48033981 0.Lys1358AspfsTer2 frameshift-ins Deleterious Reported
c.1109C>T . .
MUTYH 45797401 0.Ala370Val missense Deleterious Reported
€.848G>A . .
MUTYH 45797914 0.Gly283GIu missense Deleterious Reported
€.1492G>T . .
PALB2 23646375 0. Asp498Tyr missense Deleterious Reported
c.1088C>T , :
STK11 1223151 0. Thr363lle missense Deleterious Reported
c.542G>A , :
TP53 7578388 0. Arg181His missense Deleterious Reported

Table 19: Variants observed based on software prediction tools
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Structural prediction was obtained for the pathogenic variants MUTYH
(c.848G>A: p.Gly283Glu) and TP53 (c.542G>A: p.Argl81His) in which the
proteins are shown in grey color and the side chains of both the wildtype and mutant

residues are shown in green and red color, respectively (Figures 18 and 19).

Figure 18: Structural prediction of TP53 (c.542G>A: p.Argl81His)

\W U

Downloagd A x

Figure 19: Structural prediction of MUTYH (c.848G>A: p.Gly283Glu)
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2.4. Study on mitochondrial gene alteration in BC using whole mitochondrial
sequencing
In mtDNA genome, sequence alteration was found to be the highest in d-loop region

and least in NDG6 region (Figure 20).

Number of variants

ND6
ND3
COX2
ATP8
ND4L
ND4
COX3
COX1
ND1
ND2
ND5
ATP6
CYTB
D-loop

Mitochondrial Genome

0 10 20 30 40 50 60 70 80

B Number of variants

Figure 20: Frequency distribution of variants in mitochondrial genome.
y-axis- Coding genes and non coding d-loop region of mtDNA

x-axis- Number of alteration in each region

A total of 119 non-synonymous variants were found in the samples studied
(cases and controls). Among them, 51 variants were observed in the protein coding
region of mtDNA, in which 27 were specific to BC cases and 24 were found in
common among the cases and controls. One frameshift variants (12014C>CA;
€.1255 1255delinsCA) located in ND4 gene was found to be novel. Four variants

(ATP6 8860A>G, ND3 10398A>G, ND5 13708G>A and ND5 14110T>C) found in
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common for both cases and controls have been reported in database for BC.
According to SIFT and Polyphen- 2, 22 variants were found to be affecting the
normal protein function. Based on SOSUI software, 98% of non- synonymous
variants falls in the hydrophobic region. The potential impact of a greater number of
non-synonymous substitutions in the protein coding region represented decrease in
protein stability, whereas, only two variant in ND2 and ND6 with AAG of 0.144 and
0.025, respectively, were observed with increase protein stability according to Pmut

(Table 20).
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- Freq. (%) in Polyphen 2 PMUT SCORE
Gene Position AA. change SIFT SOSUI
cases/control Score delta delta G
8686T>C c.T160C:p.S54P 3.12 T PD 0.94 -0.85
ATP6 8869A>C €.A343C:p.M115L 3.12 T 0.96 -0.45
9053G>A c.G527A:p.S176N 3.12 T 0.93 -0.84
6120A>G c.A217G:p.173V 3.12 T PD 0.68 -0.72
coxt 6340C>T c.C437T:p.T1461 3.12 APF B 0.69 -0.48
6480G>A c.G577A:p.V193I 3.12 T B 0.68 -0.76
COX2 | 7853G>A c.G268A:p.VI0I 3.12 T B 0.46 -0.84
COX3 | 9469C>T c.C263T:p.T88I 3.12 T B 0.39 -0.46
9966G>A c.G760A:p.vV2541 3.12 T B 0.37 -0.39 spfcci:fic
14793A>G c.A47G:p.H16R 3.12 APF B 0.62 -1.10
CYTB | 15497G>A c.G751A:p.G251S 3.12 APF B 0.62 -1.46
15644A>G c.A898G:p.I1300V 3.12 T PD 0.63 -0.80
15884G>A | c¢.G1138A:p.A380T 6.25 T PD 0.62 -1.01
3398 T>C €.T92C:p.M31T 3.12 APF 0.67 -1.58
b1 3505A>G c.A199G:p.T67A 3.12 APF 0.68 -0.91
3578 T>C c.T272C:p.M9I1T 3.12 APF PD 0.67 -0.85
ND2 4596G>A c.G127A:p.V43I 3.12 T B 0.63 0.14
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4833A>G c.A364G:p.T122A 6.25 APF PD 0.64 -0.54
12026 A>G €.A1267G:p.1423V 3.12 T B 0.72 -0.67

b4 12014C>CA | ¢.1255 1255delinsCA 12.5 - - - Not reported
13105A>G c.A769G:p.1257V 3.12 T B 0.58 -0.66
13153A>G c.A817G:p.1273V 3.12 T B 0.58 -0.94
ND5 13759G>A c.G1423A:p.A475T 3.12 T B 0.58 -0.66
14002A>G €.A1666G:p.T556A 3.12 T B 0.59 -1.53
14110 T>C c.T1774C:p.F592L 3.12 T B 0.59 -1.30

12417 C>-A c.81 81delins-A 9.37 - - - frameshift

ND6 14553C>T c.G121A:p.V41l 3.12 APF B 1.07 0.025
8584 G>A c.G58A:p.A20T 6.25/ 8.33 T B 0.94 -1.83
8602 T>C c.T76C:p.F26L 3.12/ 16.66 T B 0.95 -0.63
ATP6 8701 A>G c.A175G:p.T59A 3.12/ 33.33 T B 0.96 -0.78
8794 C>T c.C268T:p.HI0Y 3.12/8.33 T B 0.96 -0.03
8860 A>G €.A334G:p.T112A 3.12/ 100 T B 0.96 -0.39
9094 C>T c.C568T:p.L190F 3.12/8.33 T PrD 0.94 -0.71
ATP8 8414 C>T c.C49T:p.L17F 9.37/ 8.33 T PrD -0.37 -1.46
CYTB | 14766 C>T c.C20T:p.T7I 100/ 100 APF B 0.64 -0.14
15047 G>A ¢.G301A:p.G101S 6.25/ 16.66 APF B 0.62 -0.76
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15326 A>G c.A580G:p.T194A 100/ 100 APF B 0.63 -0.42
15402 C>T c.C656T:p.T219I 25/ 16.66 APF PD 0.64 -0.35
15449 T>C c.T703C:p.F235L 3.12/8.33 T B 0.63 -1.44
15825 C>T | ¢.C1079T:p.T360M 6.25/ 16.66 T PD 0.63 -0.42
ND1 3316 G>A c.G10A:p.A4T 3.12/8.33 T B 0.67 -1.12
4824 A>G c.A355G:p.T119A 3.12/8.33 T PD 0.64 -0.39
ND2 5178 C>A c.C709A:p.L237M 9.37/8.33 T PrD 0.63 -0.90
5186 A>T C.A717T:p.W239C 3.12/8.33 APF PrD 0.64 -0.84
5460 G>A c.G991A:p.A331T 3.12/ 16.66 T B 0.62 -1.24
ND3 | 10398 A>G c.A340G:p.T114A 3.12/ 41.66 T B 1.01 -0.92
ND4L | 10609 T>C c.T140C:p.M4ATT, 3.12/ 25 T B 1.26 -1.27
10653 G>A c.G184A:p.A6G2T 6.25/ 8.33 T B 1.26 -1.18
12406 G>A c.G70A:p.V24l 31.25/ 25 T B 0.58 -0.19
NS 13708 G>A | c¢.G1372A:p.A458T 9.37/ 16.66 T B 0.58 -1.17
13928 G>C | ¢.G1592C:p.S531T 31.25/ 33.33 T PD 0.58 -0.69

Common

variants

APF - Affect Protein Function, T- Tolerated, PD — Possibly Damaging, PRD — Probably Damaging, B- Benign

Table 20: Non- synonymous variants found in the mtDNA coding region.
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In total, 68 variants in the non-coding displacement loop (d- loop) region of
mitochondrial genome was observed, comprising of 26 BC specific variants and 42
common variants. The variant specific to BC cases, 16126T>C and other eight
common variants such as 73A>G, 152T>C, 263A>G, 16189T>C, 16223C>T,

16290C>T, 16304T>C, 16362T>C has been reported for BC. Other populations have

reported the remaining variants for other diseases, but not for BC (Table 21).

Position Freq.(%0) Position Freq.(%0)
207 G>A 6.25 189 A>G 3.12/8.33
279 T>C 3.12 195 T>C 9.37/ 16.66
302 A>ACC 3.12 200 A>G 6.25/ 8.33
16111 C>T 3.12 214 ASG 3.12/8.33
16126 T>C 3.12 234 A>G 6.25/ 8.33
16136 T>C 3.12 235 A>G 3.12/8.33
16140 T>C 3.12 247 G>-A | 15.62/33.33
16169 C>T 3.12 Common | 263 A>G 93.75/37.5
16179 C>-A 6.25 Variants | 302 A>AC | 28.12/33.33
16182 A>AC 6.25 310 T>TC 15.62/ 100
16183 A>ACC 15.62 16051 A>G 6.25/ 8.33
16183 A>C 6.25 16092 T>C | 12.5/16.66
16214 C>T 3.12 16129 G>A 6.25/ 8.33
BC 16220 A>G 3.12 16183 A>AC 25/ 25
specific [ 16227 ASG 6.25 16185 C>T 3.12/8.33
16248 C>T 3.12 16188 C>-T | 6.25/33.33
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16249 T>C 3.12
16258 A>C 3.12
16266 C>T 6.25
16272 A>G 3.12
16278 C>T 6.25
16288 T>C 3.12
16324 T>C 6.25
16335 A>G 3.12
16355 C>T 6.25
16356 T>C 3.12
73 A>G 100/ 100
94 G>A 3.12/8.33
Commo 146 T>C 37.5/ 25
n 151 C>T 6.25/ 8.33
Variant 152 T>C 34.37/21.9
S 183 A>G 3.12/ 16.66
184 G>A 3.12/ 16.66
185 G>A 6.25/ 25

16189 T>C 34.37/ 25
16209 T>C 9.37/8.33
16213 G>A 9.37/ 8.33
16218 C>T 6.25/ 8.33
16223 C>T 50/ 18.75
16234 C>T 3.12/8.33
16239 C>T 3.12/ 8.33
16246 A>C 9.37/8.33
16260 C>T 6.25/ 8.33
16289 A>G 6.25/ 16.66
16290 C>T 3.12/ 8.33
16298 T>C 6.25/ 8.33
16304 T>C 40.62/ 15.62
16311 T>C 43.75/21.9
16319 G>A 3.12/8.33
16352 T>C 3.12/8.33
16353 C>T 3.12/8.33
16362 T>C 37.5/33.33

Table 21: Non- synonymous variants found in mtDNA D-loop region
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The ratio of non-synonymous to synonymous variants for mitochondrial
respiratory complexes was analyzed and it was observed that the complexes vary in
ratio. Complex V with 73% has the highest ratio in comparison to complex I, Il and
IV that were all lower than 40% (Figure 21). The dN/dS ratio of the variants in
complex I, 11, IV and V were 3.24, 0.894, 1.71 and 0.164, respectively. Since
complex I and Il were found to exceed 1, it indicates that there is a positive

selection for non- synonymous variants in the two complexes in BC samples.

Number of alterations
100%

80%

2 0 : .
60% - _
40% 101 1 18 3 i
20%

0%

Complex | Complex 11 Complex IV Complex V

M Synonymous Z Nonsynonymous

Figure 21: Distribution of Synonymous and Non- synonymous variants in breast
cancer cases. (Complex I: ND1 to ND6; Complex I1l: CYTB; Complex 1V: COX1,

COX2, COX3; Complex V: ATP6, ATPS).

From the correlation analysis of 66 common variants present in
Mitochondrial genome, the frequencies of four variants were found to be
significantly different between the cases and controls. Three of them were located in
the coding region (ATP6 8701A>G, ND3 10398A>G and ND4L 10609T>C) and
one in the d-loop region (16188 C>-T). These variants obtain a high odds ratio (> 1),

which signifies that they are high risk factors for BC occurrence (Table 22).
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Gene position Controls % | Cases % | p-value OR 95% ClI
8584 G>A 2.3 45 1.00 1.364 0.112-16.577
8602 T>C 4.5 2.3 0.17 6.200 0.507-75.838
8701 A>G* 9.1 2.3 0.018 15.500 | 1.516-158.524
ATPG6
8794 C>T 2.3 2.3 0.47 2.818 0.162-49.008
8860 A>G 27.3 2.3 0.00 - -
9094 C>T 2.3 2.3 0.47 2.818 0.162-49.008
ATP8 8414 C>T 2.3 6.8 1.00 0.879 0.082-9.374
14766 C>T 27.3 2.7 -
15047 G>A 4.5 45 0.29 3.000 0.372-24.171
15326 A>G 27.3 2.7 -
CYTB
15402 C>T 4.5 18.2 0.70 0.600 0.108-3.338
15449 T>C 2.3 2.3 0.47 2.818 0.162-49.008
15825 C>T 4.5 45 0.29 3.000 0.372-24.171
ND1 3316 G>A 2.3 2.3 0.47 2.818 0.162-49.008
4824 A>G 2.3 2.3 0.47 2.818 0.162-49.008
5178 C>A 2.3 6.8 1.00 0.879 0.082-9.374
ND2
5186 A>T 2.3 2.3 0.47 2.818 0.162-49.008
5460 G>A 4.5 2.3 0.17 6.200 0.507-75.838
ND3 10398 A>G* 11.4 2.3 0.004 22.143 | 2.224-220.494
ND4L | 10609 T>C* 6.8 2.3 0.05 10.333 | 0.955-111.845
ND4L | 10653 G>A 2.3 45 1.00 1.364 0.112-16.577
12406 G>A 6.8 22.7 1.00 0.733 0.163-3.304
ND5 13708 G>A 4.5 6.8 0.60 1.933 0.281-13.295
13928 G>C 9.1 22.7 1.00 1.100 0.267-4.523
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D-loop

16051 A>G 2.3 4.5 1.00 1.364 0.112-16.577
16092 T>C 4.5 9.1 0.65 1.400 0.221-8.856
16129 G>A 2.3 4.5 1.00 1.364 0.112-16.577
16183 A>AC 6.8 18.2 1.00 1.000 0.216-4.628
16185 C>T 2.3 2.3 0.47 2.818 0.162-49.008
16188 C>-T* 9.1 4.5 0.03 7.500 1.158-48.564
16189 T>C 6.8 25.0 0.72 0.636 0.142-2.842
16209 T>C 2.3 6.8 1.00 0.879 0.082-9.374
16213 G>A 2.3 6.8 1.00 0.879 0.082-9.374
16218 C>T 2.3 4.5 1.00 1.364 0.112-16.577
16223 C>T 13.6 36.4 1.00 1.000 0.265-3.769
16234 C>T 2.3 2.3 0.47 2.818 0.162-49.008
16239 C>T 2.3 2.3 0.47 2.818 0.162-49.008
16246 A>C 2.3 6.8 1.00 0.879 0.082-9.374
16260 C>T 2.3 4.5 1.00 1.364 0.112-16.577
16289 A>G 4.5 4.5 0.29 3.000 0.372-24.171
16290 C>T 2.3 2.3 0.47 2.818 0.162-49.008
16298 T>C 2.3 4.5 1.00 1.364 0.112-16.577
16304 T>C 114 29.5 1.00 1.044 0.271-4.015
16311 T>C 15.9 31.8 0.50 1.800 0.470-6.898
16319 G>A 2.3 2.3 0.47 2.818 0.162-49.008
16352 T>C 2.3 2.3 0.47 2.818 0.162-49.008
16353 C>T 2.3 2.3 0.47 2.818 0.162-49.008
16362 T>C 9.1 27.3 1.00 0.833 0.206-3.371
73 A>G 27.3 72.7 - - -
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94 G>A 2.3 2.3 0.47 2.818 0.162-49.008
146 T>C 6.8 27.3 0.50 0.556 0.125-2.465
151 C>T 2.3 4.5 1.00 1.364 0.112-16.577
152 T>C 15.9 25.0 0.18 2.673 0.686-10.412
183 A>G 45 2.3 0.17 6.200 0.507-75.838
184 G>A 4.5 2.3 0.17 6.200 0.507-75.838
185 G>A 6.8 4.5 0.11 5.000 0.720-34.726
189 A>G 2.3 2.3 0.47 2.818 0.162-49.008
195 T>C 4.5 6.8 0.60 1.933 0.281-13.295
200 A>G 2.3 4.5 1.00 1.364 0.112-16.577
214 A>G 2.3 2.3 0.47 2.818 0.162-49.008
234 A>G 2.3 4.5 1.00 1.364 0.112-16.577
235 A>G 2.3 2.3 0.47 2.818 0.162-49.008
247 G>-A 9.1 114 0.22 2.700 0.583-12.511
263 A>G 27.3 68.2 1.00 - -

302 A>AC 9.1 20.5 0.72 1.278 0.307-5.320
310 T>TC 27.3 11.4 0.00 - -

Table 22: Association analysis between 66 variants found common in cases and

controls. * means the variants are associated with high risk factor.
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Circos plot was used to represent the variants frequency distribution within
BC cases. Even though the variants are specific to BC cases, we found that the
variants observed are present in a relatively low frequency within the cases (Figure

22).

When the distribution of 24 common variants (cases and controls) were
considered, 5 variants (C5178A, A15326G, C14766T, G13928C, G10653A)
represented as C, U, S, R and O were equally distributed. The frequencies of 17
variants (G3316A, A4824G, A8860G, C9094T, A10398G, T10609C, G13708A,
G15047A, T15449C and C15825T) were found in a much lesser frequency in cases
than in the control groups. However, the frequency of two variants such as G12406A
and C15402T were found to be higher in cases when compared to control groups

(Figure 23).
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Figure 22: Frequency distribution of case specific non-synonymous coding
variants found in Breast cancer cases. (a). List of variants in clockwise direction-
G9966A, G9966A, G7853A, G6480A, G4596A, G15884A, G15497A, G13759A,
C9469T, C6340T, C14553T, C12417insA, A8869C, A6120G, A4833G, A3505G,
A15644G, A14793G, A14002G, A13153G, A13105G, A12026G, T8686C, T3578C,
T3398C, T14110C. (b). Positive- Frequency representing presence of variants in BC

samples (c). Negative- Frequency representing absence of variants in BC samples
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Figure 23: Distribution of common variants found in cases and controls.
(a). List of variants in alphabetical order:- A-G3316A, B- A4824G, C- C5178A, D-
A5186T, E- G5460A, F- C8414T, G- G8584A, H- T8602C, I- A8701G, J- C8794T, K-
A8860G, L- C9094T, M- A10398G, N-T10609C, O-G10653A, P- G12406A, Q-
G13708A, R- G13928C, S- C14766T, T- G15047A, U- A15326G, V- C15402T, W-

T15449C, X- C15825T. (b). Cases- BC samples. (c). Controls- Healthy control samples.
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The BC cases resolved into two main clusters, when the variants were plotted
against lifestyle risk factors. Most of the familial BC cases falls under one major
cluster and was observed to have higher number of mitochondrial genes mutations.
The major cluster showed familial BC and “tuibur” as the main risk factor. Dietary
habits such as high consumption of smoked food, Sa-um and fish appear to be the
major risk factor for BC. In case of non-familial BC cases, the frequency of
mutations is elevated in mitochondrial respiratory complex 1 (ND1 — ND6) (Figure

22).

6 Khaini
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1 Cigarette
0
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1

Figure 24: Correlation of lifestyle habits with the frequency of variant in

mitochondrial genome.
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This study focuses on assessing the possible role of several epidemiological
factors and genetic alteration in BC progression using different approaches. BC is a
multifactorial disease credited by certain genetics and epigenetic factors including
reproductive factors, lifestyle and dietary habits (Sirisena et al., 2018). From the first
analysis on the association between several epidemiological factors and the risk of
BC, the incidence in Mizoram (maximum cases diagnosed at age 41- 50 years) was
observed to be more or less similar to those observed in other Indian and foreign
populations (Palachandra et al., 2017). This study on Mizo tribal population also
revealed a similar and uniform dietary and life style habits across the samples (cases
and controls). Interestingly, no distinctive identities for the major or minor tribes
exist, since the people practice inter-marriages amongst themselves and no scientific
studies have been carried out in this regard (The Wire, 2016). A positive association
was observed between smoked food and sa-um with increased BC risk. Although
there is a limited report on BC risk associated with smoked food, a 31% elevated all-
cause mortality risk has been reported among BC patients with heavy intake of
smoked food in their pre and post- diagnosis (Parada et al., 2017). Associations of
dietary fats with BC risk have been supported by numerous case- control studies and
animal experiments. Saturated fats in particular has been claimed as the main culprit
for increasing endogenous estrogen production leading to an increase BC risk

(Khodarahmi et al., 2014).
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Khaini, a smokeless tobacco was found to increased BC risk. Many cancer
incidence risk and smokeless tobacco usage has been reported (Accortt et al., 2005;
Gupta et al., 2018). Among women with smokeless tobacco users living in the tribal
lands of Western North Carolina, an 8 fold increased risk of BC has also been
reported (Spangler et al., 2000; Science Daily, 2000). Lower amount of vegetables
and water intake act as a confounding factors for BC progression. A higher chance of
BC development has been reported for women consuming less vegetables in
comparison to those with higher intake. Vegetables provide several anti- cancer
drugs, phytochemicals and protease inhibitors (Kooshki et al., 2016). The risk of BC
could be reduced in pre-menopausal and post-menopausal women by 33% and 79%,
respectively upon hydration. Cancer may arise from failure of harmful toxin removal

due to impairment of internal function caused by dehydration (Stookey et al., 1997).

Our observation on the potential BC risk associated with having a 1% and/ or
2" degree relative with BC has been abundantly supported by 38 studies that
suggested the relative risk of developing BC is 2.1 for those with 1% degree relative
with BC (Mahdavi et al., 2019). Studies on UK cohort also report a 2.5 fold increase
risk of BC among women with more than two relatives diagnosed with BC (Brewer
et al., 2017). Diabetes and hypertension were frequently observed within the family
of BC patients and was reported to have associated with an increase risk of BC
development. Available records from different population on diabetes associated BC
risk has been very contrasting (Maskarinec et al., 2018; Hardefeldt et al., 2012).
However, the inconsistency in results may be attributed to the adipokines and

visceral fats difference of different ethnicity, quantity of glucose and chronic
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inflammation governed by the metabolic activity of obesity, altering the association
between BC and diabetes (Maskarinec et al., 2018).

Among postmenopausal hypertensive Asian women, hypertension has been
found to increase BC risk by 15%. Hypertension and BC has been assumed to share a
pathophysiological pathway facilitated by adipose tissues causing chronic
inflammation, further leading to an elevated risk of both the diseases. Furthermore,
alteration of apoptosis by hypertension might further affect the regulation of cell
turnover, thereby increasing BC risk (Han et al., 2017). A well-established BC risk
factors for different population is late age at menopause, which is also observed in
our studies. Elongated and elevated duration of ovarian hormone exposure may be

the probable reasons (Khalis et al., 2018).

Shorter duration of lactation is also found to be the major risk factors for BC.
Breastfeeding plays a protective role against BC by lessening the intensity and
ovulation frequency, which in turn lowers the level of estrogen (Lodha et al., 2011).
Extended duration of lactation has also been shown to reduce BC risk among women
with BRCAL gene mutation (Freund et al., 2005). As reported by the World Cancer
Research/ American Institute for Cancer Research in 2007, there is an inverse
relation between physical activity and postmenopausal BC risk (Hildebrand et al.
2013). Lack of physical activity was found to be a confounding factor for BC in
Mizo population. The physical activities role in protection against BC risk has been
reported by many studies and has been attributed in modifying the levels of sex
hormone, adiposity, immune function, and insulin-related hormones (Loprinzi et al.,

2012).
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From the univariate analysis, since fish was found to have an independent
association with increase risk of BC. In Mizoram, fish becomes an essential part of
diet since it is the main source of protein and omega-3 fatty acids (Environmental
Defense Fund, 2019). However, Mizoram being a hilly place has many
disadvantages in fish cultivation. This brings the demand of importing fish from
neighboring states and border countries. Fishes in Mizoram were mainly obtained
from Andhra Pradesh, Burma and Silchar. Fish perishable were customarily injected
or dipped in a formalin solution to make it firm, enhanced shelf life, and to make it
look fresh for longer period of time (Uddin et al., 2011). Formalin estimation was
carried out on fish samples from 4 different sources and was found that fish from
Andhra Pradesh has the highest concentration of formalin (3.17 pg/g), followed by
Silchar (1.52 pg/g), Burma (0.28 pg/g) and Mizoram (0.17 ug/g). According to the
United States Environmental Protection Agency (EPA), formaldehyde used should
not exceed more than 0.2 pg/g body weight per day (Noordiana et al., 2011).
Majority of the fish available is from Andhra Pradesh. However, fish from Andhra
Pradesh have far exceeded the recommended concentrations of formalin.
International Agency for Research on Cancer has grouped formalin as Group 1

carcinogenic to humans. (IARC, 2004)
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Second, the association of histological tumor grade with other clinical and
epidemiological features was analyzed. Histological tumor grade serves as the best
prognostic factor for BC, since it can deliver fundamental reports about BC clinical
behavior by assessing the morphology of tumor biology (Rakha et al., 2010). We
observed an association between tumor grade with lymph node status in this study.
Lymph node has also been considered as a critical BC prognostic factors, since it can
help determine cancer stage and treatment option. Rate of survival decreases and
recurrence rate increases as the number of positive axillary lymph nodes increases
(Siadati et al., 2015; Davis et al., 1986). Better survival has been observed in lymph
node negative patient when compared to the positive patient. Additionally, regardless
of the tumor size, poorest survival outcome has been observed among patient with

more than 10 positive lymph nodes (Wang et al., 2016).

Our result on the association of tumor grade with ER has been supported by
the findings on Western Chinese populations (Zheng et al., 2018). Decrease in ER+
was observed as the tumor grade increases. Similar with the study performed by Atif
et al. (2018), tumor grades | and Il have a higher number of ER+ when compared to
grade 111 tumor. Elevated expression of an epidermal growth factor called HER2/neu
oncoprotein found on the cell surfaces and transmit growth signal to nucleus is
associated with poor prognosis. We observed significant correlation between tumor
grades with HER-2/neu oncoprotein. Several studies have reported a positive
correlation between high grade tumor and HER-2/neu expression (Siadati et al.,
2015; Zheng et al., 2018). In our study, we observed an inverse relationship between

the tumor grade with hormone receptors (ER and PR). As the tumor grade increases,
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the number of ER+/PR+ was found to be decreasing. Our result is in corroboration
with several other results (Atif et al., 2018; Effi et al., 2017; Zheng et al., 2018). This
result can help provide treatment options such as the ER+/PR+ patients for hormonal

treatment, while ER- PR- patients for chemotherapy.

Triple negative BC subtype is well known characterized by early onset of
BC, poor prognosis, extreme invasiveness, early recurrence (within the first 3 years)
and high 5-year mortality rate (Wang et al., 2016; DeGennaro Jr et al., 2018). The
prevalence of this triple subtype is found to differ among different population. India
has been reported to have considerably higher rate of triple negative BC (31%) when
compared to Western populations (Sandhu et al., 2016). The prevalence of triple
negative subtype in our study is 17.47%, which fall in line with the findings on
Southeastern Turkey population (Mirunalini et al., 2010; Sandhu et al., 2016). We
also found a significant association between tumor grade with status of
ER/PR/HER2. Several studies had performed correlation, separately between tumor
grade with ER/PR and then with HER2/neu status. A significant correlation between
tumor grade I and Il with ER+/PR+ and tumor grade with HER2/neu oncoprotein has

been consistently reported (Siadati et al. 2015).

In our study, having a first degree relative with BC is found to be
significantly associated with tumor grade. One of the most prominent risk factor for
BC onset is family history with the associated relative risk accounted by number of
individuals affected in the family, their age at disease onset and their degree of

relationship (Tazzite et al. 2013). Previous correlation analysis results between tumor
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grade with family history of BC has been contradicting. Melvin et al. (2016)
performed association study between family history of BC and severity of the disease
at the time of diagnosis and found no association, neither with severity or mortality.
However, another study have reported a higher risk of poorer survival (relative risk-
1.54, 95% CI: 0.98-2.41) for BC patient, age less than 50 years and having a first

degree relatives diagnosed with BC (Slattery et al. 1993).

The first approach that was carried out to assess the prevalence of genetic
susceptibility in Mizo BC patients was screening of candidate genes such as BRCA1,
TP53, PTEN, CDH1, CHEK2 and XRCC2. From this analysis, eight polymorphisms
were observed in BRCA1 gene. Even though the polymorphisms presented both
homozygous and heterozygous conditions, there was no significant amino acid
change observed. They were previously reported by various genetics clinics to have
no clinical value in databases like BIC BRCA ((https://research.nhgri.nih.gov/bic/)

and ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/) and most of them are

unpublished (Sharma-Oates et al., 2018). Although, the exons for other candidate
genes were chosen based on more number of codons reported for BC, we do not

observed any genetic alteration, which could be because of sample size.

p.S694S has been described to have association with age at diagnosis (Ricks-
Santi et al., 2017). These polymorphisms were inherited through shared haplotype
that were in significant linkage disequilibrium (LD). Polymorphisms such as
p.L771L, p.S1436S, p.P871L, p.E1038G and p.K1183R were also found in Indian

population and among them, p.P871L, p.E1038G and p.K1183R were included in top
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20 BIC entries. Presence of both p.K1183R and p.P871L has been reported to
decrease the risk of BC and overall cancer, respectively, proposing their protective
role (Buleje et al., 2017; Sharma-Oates et al., 2018; Miao et al. 2017). Incidence of
cancer despite the presence of p.K1183R and p.P871L might be explained by the
individual’s susceptibility to BC that is determined by the equilibrium between DNA
damage and repair (Miao et al. 2017). Though synonymous substitution, p.P1544P
observed in exon 15 was found to be novel. Surprisingly, only two genetics clinics
has reported p.D1546Y of exon 15 for European (Non Finnish) population with
MAF>0.00003295 in BIC BRCA

(https://research.nhgri.nih.gov/projects/bic/Member/cgi-bin/bic query result.cqi?

table=BRCA1 exons&nt=4755&base change=G%20t0%20T &exact search=1) and

ExAC http://exac.broadinstitute.org/variant/17-41226387-C-A).

As a second approach, targeted re-sequencing of BRCA1 and BRCA2 genes
was performed for 15 samples (10 BC cases and 5 healthy controls). Using this
approach, two pathogenic mutations were identified in BRCAL1 gene. They are
p.GIn126Ter (p.Q126X) in exon 7 and p.Cys1697Arg (p.C1697R) in exon 18. The
substitution of glutamine into a premature stop codon (CAA>TAA) generates a
nonsense mutation that interrupts the function of standard normal protein. It is
predicted that the proteins lose their normal function due to protein truncation
generated by occurrence/insertion of premature stop codon or nonsense-mediated
MRNA decay. This kind of mutations that leads to protein truncation are known to be
functionally deleterious. Even though few genetic clinics has reported this

pathogenic mutations in ClinVar, dbSNP and 1000 Genomes, to our knowledge, no
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existing literature has been found reporting this mutation
(https://www.ncbi.nlm.nih.gov/clinvar/variation/427022/; Vallon-Christersson et al.,

2001).

The next mutation, p.Cys1697Arg was reported thrice in BIC database
(https://research.nhgri.nih.gov/projects/bic/Member/cgi-bin/bic_query_result.cgi?
exact_search=1&table=brcal_exons&exon_type=18), once by a genetic clinic and
the others from a Danish population. It is frequently identified among the Danish
Hereditary Breast and Ovarian Cancer (HBOC) families (Thomassen et al., 2008).
The substitution of cysteine to arginine is rather dramatic because the wild type
residue is non-polar amino acid, having the ability of forming disulfide linkages
whereas the mutant residue has a positive charge found in an undesirable a-helix
based on the structure of XRCC1 BRCT (BRCAL C-terminal) (Zhang et al., 1998).
This alteration is identified in the BRCT domain of BRCA1 gene, where a stretch of
23 amino acids is conserved among human, mouse and canine (Szabo et al., 1996).
To further support our finding, functional analysis of C1697R for loss of C-terminal
transactivation activity suggested that activation of transcription was not possible
with BRCA1 argl1697 construct (Vallon-Christersson et al., 2001). In this study,
C1697R was identified in 38 year old patient having a family history of BC, Ovarian
cancer and other cancer types in her first and second degree relative. The same
mutation was identified in 46 year old Danish BC patient having the same condition
of family history (Bergthorsson et al., 2001). Additionally, this mutation was found
in only a particular family when screening was done on 450 BC cases having familial

history of breast and ovarian cancer, which indicates that C1697R characterize rare
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variants (Vallon-Christersson et al., 2001). Pathogenic variants were not observed in
BRCAZ2 gene in the present study samples. It is possible that other BC predisposing
gene might play a role in the development BC progression, rather than BRCA2 gene

(Frey et al., 2017).

Clinical exome panel sequencing was performed for twelve samples,
consisting of seven familial BC cases, two non-familial cases and three healthy
controls. We observed twenty-eight variants, in which five variants were found
repeating in both the approaches used for analysis. The variants were all classified
based on the recommendation of American College of Medical Genetics and
Genomics- Association for Molecular Pathology (ACMG-AMP) guidelines such as
benign, likely benign, variants of uncertain significance (VUS), pathogenic and
likely pathogenic, which have been widely used in variant classification and also
using the software prediction tools (Li et al., 2018; Richards et al., 2015; Hampel et

al., 2015).

Using the first approach (that excluded all variants belonging to control
groups, synonymous variants and minor allele frequency > 0.05), 16 variants were
observed which represented 3 novel, 5 purely benign, 1 likely benign and 7 VUS.
These novel variants belong to BLM, CDKN2A and FANCC susceptibility genes
confers increased risk for BC (Rossing et al., 2019). From the protein structural
prediction of novel missense variants such as BLM ¢.485C>T: p.Thrl62lle and
FANCC c.590A>G: p.Aspl97Gly, the 3D-structure or modeling template could not

be obtained for both the substitution. For BLM ¢.485C>T: p.Thrl62lle, both the
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wild-type and mutant residues differ in properties such as size, charge and
hydrophobicity value. The mutant residue, isoleucine is much bigger than wildtype
threonine, which might lead to collisions. Also since isoleucine is more hydrophobic,
introduction of more hydrophobic residue might lead to reduction of hydrogen
bonds, which might further hamper correct protein folding. Threonine is found to be
very conserved, mutation in this position is predicted to be probably damaging to the

protein (Venselaar et al., 2010).

For FANCC gene, c.590A>G: p.Asp197Gly, Glycine, the mutant residue, is
smaller and neutral in charge while the wild-type, aspartate is much bigger and
negative in charge, which might disturb the interactions with other residues or
molecules. Glycines are also very flexible and might also disrupt the required
firmness of the protein at this position. Hydrophobicity is more in the mutant residue
than in the wild-type residue and consequences of introducing a more hydrophobic
amino acid at this location is loss of hydrogen bonds and/or intrude with proper
protein folding (Venselaar et al., 2010). Eventhough, functional validation has not
been performed for these novel variants, they might play a vital role for BC

progression in Mizo population.

Certain VUS observed such as, CDH1 p.Glu880Lys, GEN1 p.lle203Val and
p.Ser873Arg and MUTYH p.Ala370Val has been reported in other populations.
Eventhough, their clinical significance has not been reported, it cannot be neglected,
since several important variants may be misclassified as VUS due to their extreme

rarity and/or heterogeneity. Increasing the study sample size alone cannot
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significantly promote the efficiency of BC predisposition gene identification

(Kohane et al., 2006).

By considering the different algorithm of mutation prediction tools, several
missense, frameshift and intronic splice site variants belonging to ATM, BRCA2,
CDH1, CDKN2A, MRE11A, MSH6, MUTYH, PALB2, STK11 and TP53 were
identified among the Mizo BC patients and has already been reported. Among these
variants, structural prediction was performed for p.Gly283GIlu in MUTYH and
p.Argl81His in TP53 gene since they were further predicted to be pathogenic
according to ACMG guidelines. According to this prediction, the substitution of
Glycine by Glutamine at position 182 is probably damaging since it is located in an
important domain essential for the protein activity and also a region of interaction
with other residues of another domain. Furthermore, glycine being flexible and
smaller in size is found buried inside the protein structure with an unusual torsion
angles. Hence, glutamine being bigger will not fit in this place and will force a fault
conformation of the local backbone, which will further disturb the protein structure
(Venselaar et al., 2010). BRCA1 and BRCA2 gene variations could explain only
about 15% of increased risk for BC development, the remaining risk could be
explained by mutation in several other moderate and low penetrance genes such as
ATM, BARD1, BLM, STK11, NF1, BRIP1, CDH1, CHEK2, FANCC, RAD5],
TP53, PTEN, PALB2, PMS2 (Easton et al.,, 2015). Therefore, in Mizo BC
population, it is not surprising to identify sequence variations in diverse panel genes
other than BRCA1 and BRCA2 genes. However, technical, structural and functional

validation using other approaches such as Sequenom MassARRAY platform
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(Sequenom, San Diego, CA) (Zhang et al., 2015) or direct Sanger sequencing is
required to confirm the prevalence or contribution of these variants for BC in Mizo

population.

The last approach was screening of mtDNA gene mutation and their role in
breast carcinogenesis. One novel frameshift (12014C>CA,; c¢.1255_1255delinsCA)
variant in ND5 gene was identified in the Mizo population that might act as a
potential risk factor for BC. Having no structural impact on protein, ATP6 8860A>G
was found as common variants in our study, and even though it is found in less
conserved region it might still be responsible for other mitochondrial and nuclear
DNA mutations. This variant has been reported in 100% of BC tumor samples and
has been suggested to increase BC risk significantly (p < 0.05) (Ghaffarpour et al.,
2014). Additionally, patients with more non-synonymous variation in ATPase gene
had been suggested to have a shorter survival when compared to those with only one
variation (Zhu et al., 2005). A10398G found in ND3 gene from the samples had been
a variant of interest as a possible candidate marker for BC development among the
American women ((Czarnecka et al., 2010). While the allele 10398G increased BC
risk among the European- American (Bai et al., 2007), Polish (Czarnecka et al.,
2010) and Malay (Nadiah et al., 2012) women, allele 10398A is a risk factor for
North Indian (Darvishi et al., 2007) and African- American (Canter et al., 2005)
women, further highlighting the important role of haplotype difference due to
mtDNA polymorphisms. This substitution leading to changes in amino acid
threonine to alanine (Bai et al., 2007) has been referred as a reliable biomarker and

an independent signal for BC development (Weigl et al., 2013).
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In the present study, several variants that were found to be affecting the
normal protein function (based on mutation prediction tools) and also those found in
the non-coding regions (reported for numerous other diseases) might contribute to
BC susceptibility in the Mizo population. Triggered by the environmental factors, it
is well known that mtDNA polymorphisms or different alleles of the same locus
could act as disease risk factors in certain haplogroup (Canter et al., 2005). We
observed T16126C in hormone receptor positive BC. In contrast, a higher frequency
of this variant was found in hormone receptor negative BC (47%) when compared to
hormone receptor positive BC (12%) (Tommasi et al. 2014). Variants such as A73G,
T152C, A263G, T16189C, C16223T, C16290T, T16304C, T16362C found in the d-
loop region has been found reported for BC in many populations (Czarnecka et al.,
2010; Cai et al., 2011; Tommasi et al. 2014). Although, previous studies had
suggested A73G, C16223T and T16362C to have a protective effect against BC,
since they were found at a higher frequency in control groups, we observed a higher
frequency of these variants in cases suggesting that they might contribute to BC
occurrence in this population (Zhu et al., 2005). Other studies have frequently
reported T152C, A263G and T16189C for their association with BC risk (Jiménez-

Morales et al., 2018).

Non-synonymous substitutions in both the mitochondrial respiratory
complex | and IV (dN/dS ratio of 3.24 and 1.71, respectively) were found to be
positively selected suggesting their driver role in BC. Since each of these complexes
functions as an important unit, so non-synonymous substitutions in these complexes

may disturb the normal purpose of those particular complexes (Palodhi et al., 2018).
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High amount of non- synonymous substitution and less synonymous substitution in
the protein coding genes indicates a positive selection during tumorigenesis and such
mutational pattern may represent the existence of genuine driver mutations in certain
cancers (Hodis et al., 2012). Furthermore, study had shown that enrichment of non-
synonymous substitution of mitochondrial gene in BC tumor samples taken from
TCGA data and also positive selection of those mutations (McMahon et al., 2014).
Two high-risk variants (8701 A>G and 10609 T>C) resulted in missense and
frameshift substitution leads to enhanced mutation in nuclear gene, thereby

disrupting apoptosis that plays a vital role in the formation of BC (Li et al., 2016).
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Summary and Conclusion

Breast cancer is the leading cancer site and major cause of cancer death
in women and has become the global burden. This complex multifactorial disease
regulated by genetic, hormonal and epigenetic factors such as diet and lifestyle habits
has been an area of research interest. Decades of scientific research have lead us to
the understanding of a fraction of the causal factors such as mutations in
susceptibility nuclear as well as mitochondrial genes and also environmental factors
which differs in different ethnic groups. Despite the groundbreaking advances being
made in term of the discovery of more genes involved using high- throughput
sequencing technologies and improve strategies for early detection and treatment
options, there is a consistent increase in the prevalence of the disease.

The present study on Characterization of clinically significant
mutations associated with Breast Cancer in Mizo population has been carried out
with the aim of evaluating the demographic risk factors and assess the prevalence of
mutation in susceptibility genes associated with breast cancer in Mizo population,
Mizoram.

The findings of the present work are summarized as follows:
. In Mizoram, BC cases is observed from age as early as 20 and as old as
91 years. The mean average age was observed to be 49 years.
. Environmental factors such as inheritable diseases, having 1st and 2nd
degree relative with BC, high consumption of khaini (tobacco), smoked food, sa- um
(fermented pork fats), lack of physical exercises and shorter lactation duration were

found to be the significant risk factors for BC in Mizo population.
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. Other factors including late age at menopause, lesser intake of water
and vegetables were also found to act as a potential confounding factors among the
Mizo BC patient.

. We have observed that with the increase in the BC tumor grade, there
is more of positive lymph node invasion. Tumor grade was found to have a
significant association with lymph node invasion (p<0.021), ER (p< 0.004) and
Her2/neu (p< 0.014) independently, double subtype of ER/PR (p< 0.007) and also
the triple subtype ER/PR/HER2 (p< 0.025).

. The study showed that having at least one or more first degree
relative’s BC have a significant association with tumor grade (p<0.003).

. Interestingly, other variables such as tumor characteristics,
reproductive factors, dietary and lifestyle habits does not show any significant
association with tumor grade.

. Eight polymorphisms such as p.L771L, p.S694S, p.P871L, p.E1038G,
p.K1183R, p.S1436S, p.P1544P, p.D1546Y were observed in BRCAL gene from the
candidate gene analysis using Sanger sequencing.

. Among them, p.P1544P in exon 15 was found to be novel. There was
no significant amino acid change to be noted since all the polymorphisms represent
silent substitutions.

. From targeted re-sequencing of BRCA1l and BRCA2 gene, two
pathogenic mutations such as p.C1697R and p.Q126X in BRCAL1 gene were
observed in two familial Mizo BC samples. Among the familial BC samples
included in the targeted re- sequencing, no pathogenic variants were observed in

BRCAZ2 gene.
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. Using clinical exome sequencing, the analysis based on ACMG
(American College of Medical Genetics) variants classification guidelines, 16
variants consisting of 5- benign variants, 3- either benign or VUS (Variants of
Uncertain Significance), 1- likely benign and 7 VUS were observed.

. Among them, 3 variants in BLM (p.Thr162lle), CDKN2A (intronic)
and FANCC (p.Asp197Gly) were found to be novel.

. The second approach for the analysis of clinical exome sequence data
was performed using the software prediction tools such as SIFT, Polyphen2,
Provean, LRT, FATHMM, METASVM, METALR and CADD. Twelve (12)
deleterious variants in the Mizo population were observed: p.Arg2060Cys,
p.Asn289His, p.Glu880Lys, p.Gly62Ser, CDKN2A (Intronic-ss-acr), p.Arg87Trp,
p.Lys1358AspfsTer2, p.Ala370Val, p.Gly283Glu, p.Asp498Tyr, p.Thr363lle,
p.Argl81His.

. From whole mitochondrial sequencing, sequence alterations were
found to be the highest in d-loop region and least in ND6 region.

. In the protein coding region, 51 variants were observed, in which 27
were BC specific and 24 were found in common among the cases and controls.

. One frameshift variants (12014C>CA; ¢.1255 1255delinsCA) located
in ND4 gene was found to be novel. Four variants (ATP6 8860A>G, ND3
10398A>G, ND5 13708G>A and ND5 14110T>C) found common in both cases and
controls have been reported in database for BC.

. According to SIFT and Polyphen- 2 software analysis, 22 variants were
found to be affecting the normal protein functions. Based on SOSUI software, 98%

of non- synonymous variants falls in the hydrophobic region.
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Summary and Conclusion

. The potential impact of a greater number of non-synonymous
substitutions in the protein coding region represented decrease in protein stability,
whereas, only two variant in ND2 and ND6 with AAG of 0.144 and 0.025,
respectively, were observed with increase protein stability according to Pmut.

. In the non-coding d-loop region of mitochondrial genome, 68 variants
comprising of 26 BC specific variants and 42 common variants was observed.

. The variant specific to BC cases, 16126 T>C and other eight common
variants such as 73A>G, 152T>C, 263A>G, 16189T>C, 16223C>T, 16290C>T,
16304T>C, 16362T>C has been reported for BC.

. The dN/dS ratio of the variants in complex | and Ill shows a positive
selection for non- synonymous variants indicating the driver role of these complexes
in BC development.

. According to correlation analysis, ATP6 8701A>G, ND3 10398A>G,
ND4L 10609T>C in coding region and 16188 C>-T in the d-loop region were found
to be high risk factors for BC occurrence in Mizo population.

. Analysis of variant clustering on mitochondrial genome based on the
lifestyle risk factors showed that most of the familial BC cases falls under one major
cluster and is observed to have great number of mitochondrial gene mutations.

. The major cluster showed familial BC and “tuibur” as the main risk
factor. Dietary habits such as, high consumption of smoked food, Sa-um and fish are
the major risk factor for BC.

. In case of non-familial BC cases, the frequency of mutations is

elevated in mitochondrial respiratory complex 1 (ND1 — ND6).
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Summary and Conclusion

The present study is the first scientific evaluation of the demographic,
epidemiological and environmental risk factors towards BC progression and
assessment of BC panel gene mutations in the population of Mizoram. The outcome
of this study on several epidemiological risk factors can serve as baseline data to
provide a more confined risk factors in different age groups of the population.
Furthermore, mutation studies provide us with the knowledge on the prevalence of
several BC susceptibility nuclear as well as mitochondrial gene mutations. Thus,
from this study we can conclude that even though several reproductive, dietary and
lifestyle factors play an important role in the development of BC, the extent of the
contribution of several genes mutations need further validation in order to fully

understand their role in BC progression in Mizo population.
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Abstract

The aim was to assess the association of histological tumor grade with other clinical features and epidemiological factors of women
with invasive breast carcinoma. A retrospective study of 103 Mizo breast cancer patients visiting hospitals was made in Aizawl,
Mizoram, Northeast India. With a prior consent, information on epidemiological factors and family history in relation to cancer was
obtained. Clinical reports were obtained from their medical records. The frequency of distribution was calculated for age at diagnosis
and tumor characteristics. Statistical analysis for different variables was done using a chi-square test. p <0.05 was considered
significant. The histological tumor grades in our studies were found to be associated with lymph node invasion (p < 0.021), different
subtype of hormone receptor such as ER status (p < 0.004), ER/PR status (p <0.007), HER2/neu status (p <0.014), and ER/PR/
HER?2 status (p < 0.025). A patient with a family history of breast cancer in their 1st degree relative is also seen to have association in
determining the tumor grade (p < 0.003). Reproductive history, lifestyle and dietary habits, tobacco, and alcohol consumption were
found to have no influence on breast cancer tumor grade. Our results showing significant correlation between status of lymph node,
ER, PR, and HER2/neu oncoprotein and family history with 1st degree relative breast cancer are the first time report to target and
focus on the possible role of biomarkers for diagnosis among the Mizo tribal breast cancer patients.

Keywords Breast cancer - Hormone receptor - HER2/neu oncoprotein - Tumor grade - Lymph node - Tobacco - Epidemiology -
Family history

Introduction

Mizoram, situated in the northeastern part of India with not
more than 13 lakhs population with a total area of 21,081 kmz,
is known for three striking records. The first good record made
was in socio-economic progress for having the highest literacy
Electronic supplementary material The online version of this article rate in India with 90.27% (Hindustan times 2006). Second is
(https/ /ldOi'O,rgé 1,0']00,? 11113 56-019-06944-8) contains supplementary for being the state with highest prevalence for tobacco usage
material, which 1s available to authorized users. (67.2%) in India with males and females (72.5% and 61.6%,
respectively) consuming tobacco in different forms. Exposure
to secondhand smoke inside the house is very high (97.7%).
Lastly, Mizoram has the highest incidence of cancers, and
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BC is a key threat and major cause of cancer-related death
among women worldwide. The age range of women suffering
from BC in Mizoram is as wide as 19-91 years old, and the
incidence of BC ranks the third highest with 13.0%, following
cervix uteri (15.9%) and lung cancer (15.6%) (NCRP 2014). It
has been expected to witness an increase in the occurrence of
BC cases within these few years to a certain fold. Like all other
types of cancer, BC is a complex heterogeneous disease reg-
ulated by a multitude of genetic and epigenetic alterations
(Atif et al. 2018). Regional and ethnic variations in the inci-
dence and continuous increase in the figure of BC cases can-
not be explained by gene functions caused by inherited or
acquired mutations. Many studies have reported a significant
correlation between BC increase risk and several epidemio-
logical factors (Perez-Solis et al. 2016).

Several clinical and pathological factors, which include
tumor size, histological tumor grade, hormone receptor
(Estrogen ER and Progesterone PR) status, and lymph node
metastasis, affect the prognosis of BC (Kuzhan et al. 2013).
One of the momentous developments in the assessment of BC
has been the conception that the presence of hormone recep-
tors in the tumor tissue correlates well with response to che-
motherapy and hormone therapy (Mirunalini et al. 2010).
Lymph nodes metastasis indicates advanced disease stage sug-
gesting that cancer cells have extent to distant location. At the
time of diagnosis, ~50% of all BCs already spread to the
sentinel lymph node (Pourzand et al. 2011).

Even though, in BC, the most well-established prognostic
factor is histological tumor grade (Rakha et al. 2010); not
much report is available to explore whether any correlation
exists between the tumor grade with other clinical features,
family history, as well as dietary, and life style habits.
Association between tumor grade with tobacco-related prod-
ucts that are very much common among the local people such
as, Betel nut/pan, gutkha (mixture of tobacco and betel nut),
sahdah and khaini (processed tobacco leaves that are stuffed in
between the gums), tuibur (liquid form of tobacco), and ciga-
rette also remains unknown (Madathil et al. 2018). The objec-
tive of this study is to find out the association of tumor grade
with epidemiological factors viz. reproductive history, life-
style and dietary habits, tobacco and alcohol consumption,
family history of breast and other cancers, and immune-
histochemical markers such as hormone receptor and HER2/
neu oncoprotein among the Mizo tribal BC patients’ commu-
nity in Northeast India.

Methods
Patient and data selection

This is a retrospective study of only Mizo ethnic BC patients
of any age within the state of Mizoram, registered in Mizoram

@ Springer

State Cancer Institute (MSCI) and Civil Hospital, Aizawl,
Mizoram, Northeast India between the years 2013 and 2017.
Patients not registered in both the hospitals and undergoing
treatment outside Mizoram were also included in the study.
Information were obtained in a two-way approach: the first is
by going to hospitals and interviewing the patients and the
second by collecting the name, contact number, and home
address of all BC patients from different hospitals in Aizawl
City, which also include the list from hospital based cancer
registry (HBCR), and the patients were interviewed telephon-
ically. And in case patients could not be reached by tele-
phones, house visit was made and interview was done in per-
son. In both approaches, the patient’s consent was first taken
and their details on epidemiological factors and family history
in relation to cancers were obtained. The histopathology re-
ports were retrieved from their medical files and also from the
hospitals they visited, and data on histological type, grade of
tumors, lymph node involvement, hormone receptors, and
HER?2 receptor status was collected using a standard pro
forma. The histopathological grading of the BC tumor was
done at the Department of Pathology in Mizoram State
Cancer Institute and Civil Hospital, Aizawl, Mizoram accord-
ing to the Nottingham modification of the Bloom Richardson
grading system accepted by the World Health Organization
(Rakha et al. 2010; Kaur et al. 2016). Questionnaires and
histological reports of all the samples were screened for the
completeness of information, and the inconsistent data were
removed. A total of 426 patients were interviewed, and only
103 cases met the complete required information and were
included in the analysis. In order to observe the best possible
association between tumor grades with the factors studied, we
further analyzed with only 51 cases that included the highest
incidence age range of 4055 years.

Classification of factor variables

Clinical features such as lymph node status as well as tumor
characteristics such as tumor type (infiltrating ductal carcino-
ma and infiltrating lobular carcinoma), tumor side (Left, right
or both), tumor site (all quadrant, retro-areolar, lower inner/
outer quadrant, upper inner/outer quadrant), and tumor sizes
were recorded. Lymph node was divided into positive inva-
sion and negative invasion. Type, side, and site of tumor were
grouped into their following category, while tumor size was
divided into three size groups as 1-5 cm, 5-10 cm, and >
10 cm. Hormone receptors (ER and PR) and HER2/neu onco
protein were analyzed individually as well as in different
subtypes.

Factors in lifestyle (exercise, sleeping hours, and night du-
ty) and dietary habits (pork, fish, chicken, beef, fruits, vegeta-
bles, Sa-um (fermented pork fats), smoked meat, smoked veg-
etables, salt, oil, and water) were considered on a weekly
basis. Other factors such as salt and oil consumption, sleeping
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hours, night duty, and water intake were recorded on a daily
basis. Tobacco and tobacco-related products (Betel nut/pan,
gutkha, sahdah, khaini, tuibur, and cigarette) and alcohol were
also divided into the amount of consumption from the start of
their addiction on a daily basis.

Reproductive histories (age at menarche, age at marriage,
age at first delivery, number of live birth, lactation duration,
age at diagnosis, marital status, menopausal status, parity,
breast feeding, use of oral contraceptive pills, and abortion)
were categorized in different age range and duration depend-
ing on the factors considered. In case of factors such as age at
marriage, number of live birth, and lactation duration, samples
that have not gone through marriage, child delivery, or lacta-
tion were not included in the analysis. Family history in rela-
tion to breast and other cancers was categorized into no rela-
tives and with the number of relatives they have for each
cancer.

Statistical analysis

Statistical analyses were conducted using the IBM Statistical
Package for Social Sciences (SPSS), software version 22.0 for
Windows. The frequency distribution was calculated for age
at diagnosis and tumor characteristics. Statistical analysis for
different variables was done using a chi-square test. Since the
analysis involves multiple subgroups, significance was set at
5% level (p < 0.05) (Kuzhan et al. 2013; Pourzand et al. 2011).

Results

In our study, the patients’ age range is 23—67 years with mean
age at diagnosis of 48 years. The distributions of clinical and
pathological features of thesel03 cases are summarized in
Supplementary Table 1. Infiltrating ductal carcinoma type of
tumor is more common than that of infiltrating lobular carci-
noma. Tumor size ranges from 1 to 20.5 cm, but tumor size
less than 5 cm was most commonly observed (86.40%).
Invasion of lymph node was observed in 52.42%, and the
majority of the cases belong to grade I and II. Considering
the ER+, PR+, and HER2/neu oncoprotein alone, almost half
of the cases show expression with 54.36%, 49.51%, and
49.51%, respectively. Rates of ER+/PR+ is 46.60% and is
most common in grade [ tumor and ER—/PR— is 42.71% and
is most common in grade I tumor; the remaining 10% of the
cases are either ER+/PR— (7.76%) or ER—/PR+ (2.91%) and
are observed only in grade I and II and are not found in grade
I tumor. The most frequent triple subtype is ER+/PR+/HER2
—(27.18%) followed by ER—/PR—/HER2+ (25.24%). A total
of 20 cases have triple positive ER+/PR+/HER2+ (19.41%),
and 18 BC cases have triple negative ER—/PR—/HER2—
(17.47%).

Correlation between tumor grade with lymph node
invasion, tumor characteristics, ER, PR, and HER2/neu
oncoprotein

Lesser positive lymph node invasion was seen in grade I tu-
mor, equal distributions in grade II tumor, but positive lymph
node invasion is observed more in grade III tumor. The higher
the grade of tumor, the more the cases of positive lymph node
invasion were observed. Our analysis results also show that
there is a significant association between the involvements of
lymph node with grade of tumor (p < 0.021). No associations
were seen between tumor grade with the type, side, size, and
site of tumor. Association of tumor grade with hormone re-
ceptor status (estrogen and progesterone) and HER2/neu
oncoprotein expression showed that the expression of ER
(p <0.004), Her2/neu (p <0.014) alone, and expression of
double subtype ER/PR (p <0.007) and triple subtype ER/
PR/HER2 (p <0.025) have a significant association with
grade of tumor. It has also been observed that the higher the
grade of tumor the lesser the expression of Estrogen receptor
(Table 1). In case of analysis performed for the same above
factors by limiting age range to 40-55 years at the time of
diagnosis, association of tumor grades was found to be signif-
icant with only tumor size while the rest of the other factors do
not show any association (Supplementary Table 2).

Correlation between tumor grade with reproductive
and family history

We analyzed different variables of reproductive factors such
as age at marriage, age at menarche, age at first delivery,
number of live birth, duration of lactation, age at diagnosis,
marital status, menopausal status, parity, breast feeding, use of
oral contraceptive pills, and abortion to see whether they play
a role in determining the tumor grade. None of the variables
was found to have association with tumor grade. Age at diag-
nosis appears to be late; the majority of the cases (67.96%)
developed BC at age greater than 40 years (Table 2). Analysis
of the same reproductive factors, but limiting age range to 40—
55 years at the time of diagnosis, also shows no significant
association between tumor grades with reproductive history
(Supplementary Table 3).

Self-reported family history of BC, ovarian cancer, any
other type of cancer in their first and second degree rela-
tives, and also acquired inheritable diseases was also ana-
lyzed to see their impact on tumor grade. Our analysis
shows that with a p <0.003, having at least one or more
first degree relative with BC has a significant association in
determining the grade of tumor. Interestingly, other variables
like having a second degree relative with BC, first or second
degree relatives with ovarian or other cancer, and whether
the patients have inheritable disease do not show association
with tumor grade (Table 2). Analysis was conducted for the
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Table 1 Correlation between

tumor grade with lymph node Grade I (43) Grade II (48) Grade III (12) p value
invasion, tumor characteristics, _ _
ER, PR, and HER2/neu Lymph node invasion
oncoprotein (+ve) 17 (39.53%) 27 (56.25%) 10 (83.33%) 0.021
(—ve) 26 (60.46%) 21 (43.75%) 2 (16.67%)
Tumor type
IDC 42 (97.67%) 48 (100.00%) 11 (91.67%) 0.169
ILC 1 (2.32%) 0 (0.00%) 1 (8.33%)
Tumor type
Left 17 (39.53%) 30 (62.50%) 5 (41.67%) 0.228
Right 25 (58.13%) 17 (35.42%) 7 (58.33%)
Both 1(2.32%) 1 (2.08%) 0 (0.00%)
Tumor site
All quadrant 0 (0.00%) 2 (4.17%) 1 (8.33%) 0.700
Retro-areola 4(9.30%) 5 (10.42%) 1 (8.33%)
LIQ/LOQ/LIQ&LOQ 9 (20.93%) 10 (20.83%) 1 (8.33%)
UIQ/UOQ/UIQ&UOQ 30 (69.76%) 31 (64.58%) 9 (75.00%)
Tumor size (mm)
1-5 37 (86.04%) 42 (87.50%) 10 (83.33%) 0.440
5-10 6 (13.95%) 5 (10.42%) 1 (8.33%)
>10 0 (0.00%) 1 (2.08%) 1 (8.33%)
ER+/—
+ve 31 (72.09%) 22 (45.83%) 3 (25.00%) 0.004
-ve 12 27.91%) 26 (54.17%) 9 (75.00%)
PR+/—
+ve 24 (55.81%) 24 (50.00%) 3 (25.00%) 0.168
-ve 19 (44.19%) 24 (50.00%) 9 (75.00%)
HER2+/—
+ve 14 (32.56%) 30 (62.50%) 7 (58.33%) 0.014
—ve 29 (67.44%) 18 (37.50%) 5 (41.67%)
Er/Pr status
ER+/PR+ 24 (55.81%) 21 (43.75%) 3 (25.00%) 0.007
ER+/PR— 7 (16.28%) 1 (2.08%) 0 (0.00%)
ER—/PR+ 0 (0.00%) 3 (6.25%) 0 (0.00%)
ER—/PR— 12 27.91%) 23 (47.92%) 9 (75.00%)
Er/Pr/Her2 status
Er+/Pr+/Her2+ 6 (13.95%) 12 (25.00%) 2 (16.67%) 0.025
ER+/PR+/HER2- 18 (41.86%) 9 (18.75%) 1 (8.33%)
ER+/PR—/HER2+ 3 (6.98%) 0 (0.00%) 0 (0.00%)
ER+/PR—/HER2- 4(9.30%) 1 (2.08%) 0 (0.00%)
ER—/PR+/HER2+ 0 (0.00%) 2 (4.17%) 0 (0.00%)
ER—/PR+/HER2— 0 (0.00%) 1 (2.08%) 0 (0.00%)
ER—/PR—/HER2+ 5 (11.63%) 16 (33.33%) 5 (41.67%)
ER—/PR—/HER2- 7 (16.28%) 7 (14.58%) 4(33.33%)

same family history and relation details by limiting age
range to 40-55 years at the time of BC diagnosis. We found
a consistent significant association between tumor grades
with having at least one or more first degree relative with
BC (p <0.029). We also observed that, regardless of the
samples considered for the analysis, no association was
found between tumor grades with other factors included in
the analysis (Supplementary Table 3).
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Correlation between tumor grade lifestyle and dietary
habits, tobacco, and alcohol habits

We next determined the impact of lifestyle habits to see their
association with tumor grade. Factors include the regularity of
physical exercise, the duration of sleeping hours at night, and
whether the patients’ work involve night duty or not.
According to our findings, exercise, sleeping hours, or night
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Table 2 Correlation between

tumor grade with reproductive Grade I (43) Grade II (48) Grade 111 (12) p value
and family history of breast
cancer Age range (mean) 49 46 49 0.482
Age at marriage (mean) 24 23 22 0.164
Age at menarche 15 15 15 0.286
Age at first delivery 24 25 23 0.225
No. of live birth 3 4 3 0.321
Duration of lactation (months) 66 74 71 0.081
Age at Diagnosis
<40 12 36.3%) 16 (48.48%) 5 (15.15%) 0.642
>40 31 (44.28%) 32 (45.71%) 7 (10.00%)
Marital status
Married 39 (42.85%) 40 (43.95%) 12 (13.18%) 0.225
Single 4 (33.33%) 8 (66.66%) 0 (0.00%)
Menopausal
Pre 13 (37.14%) 18 (51.42%) 4 (11.42%) 0.765
Post 30 (44.11%) 30 (44.11%) 8 (11.76%)
Parity
Parous 38 (42.22%) 40 (44.44%) 12 (13.33%) 0.211
Nulliparous 5 (38.46%) 8 (61.53%) 0 (0.00)
Breast feeding
Yes 38 (42.22%) 40 (44.44%) 12 (13.33%) 0.289
No 5 (38.46%) 8 (61.53%) 0 (0.00%)
Oral contraceptive pills
Yes 9 (34.61%) 15 (57.69%) 2 (7.69%) 0.405
No 34 (44.15%) 33 (42.85%) 10 (12.98%)
Abortion
Never 30 (38.46%) 38 (48.71%) 10 (12.82%) 0.089
Once 11 (57.89%) 7 (36.84%) 1 (5.26%)
Twice 2 (33.33%) 3 (50.00%) 1 (16.67%)
Ist degree BC
No 41 (95.35%) 46 (95.83%) 10 (83.33%) 0.003
1-2 2 (4.65%) 2 (4.17%) 0 (0.00%)
>3 0 (0.00%) 0 (0.00%) 2 (16.67%)
2nd degree BC
No 38 (88.37%) 41 (85.42%) 10 (83.33%) 0.870
1 5 (11.63%) 7 (14.58%) 2 (16.67%)
Ist and 2nd degree ovarian cancer
No 39 (90.70%) 40 (83.33%) 11 (91.67%) 0.511
1 and 2 4 (9.30%) 8 (16.67%) 1 (8.33%)
Ist and 2nd degree other cancer
No 15 (34.88%) 20 (41.67%) 3 (25.00%) 0.219
1 and 2 25 (58.14%) 19 (39.58%) 8 (66.67%)
>3 3 (6.98%) 9 (18.75%) 1 (8.33%)
Inheritable Disease
No 30 (69.77%) 35(72.92%) 8 (66.67%) 0.893
1-3 13 (30.23%) 13 (27.08%) 4 (33.33%)

duty does not have any significant association with tumor
grade to be noted. We also analyzed dietary habits to see if
the amount or frequency in the intake of each variables such
as, pork, fish, chicken, beef, fruits, vegetables, Sa-um
(fermented pork fats) which is a unique Mizo tribal dish,

smoked meat, smoked vegetables, salt, oil, and water has im-
pact on tumor grade. Though significant differences in amount
and frequencies of intake were observed in the variables, no
distinct association was noted between dietary habits and tu-
mor grade (Table 3). Lastly, association between tobacco and
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Table 3  Correlation between tumor grade lifestyle and dietary habits,
tobacco, and alcohol habits

Grade I (43) Grade Il (48)  Grade Il (12) p value
Pork
Never 2 (4.65%) 9 (18.75%) 1 (8.33%) 0.235
Once 23 (53.49%) 26 (54.17%) 5 (41.67%)
Thrice 12(2791%) 11 (22.92%) 5 (41.67%)
Everyday 6 (13.95%) 2 (4.17%) 1 (8.33%)
Fish
Never 0 (0.00%) 7 (14.58%) 1 (8.33%) 0.105
Once 29 (67.44%) 30 (62.50%) 7 (58.33%)
Thrice 8 (18.60%) 8 (16.67%) 4(33.33%)
Everyday 6 (13.95%) 3 (6.25%) 0 (0.00%)
Chicken
Never 1(2.33%) 4 (8.33%) 0 (0.00%) 0.378
Once 29 (67.44%) 33 (68.75%) 7 (58.33%)
Thrice 7(16.28%) 9 (18.75%) 4 (33.33%)
Everyday 6 (13.95%) 2 (4.17%) 1 (8.33%)
Beef
Never 3 (6.98%) 9 (18.75%) 4(33.33%) 0.230
Once 28 (65.12%) 29 (60.42%) 6 (50.00%)
Thrice 6 (13.95%) 8 (16.67%) 1 (8.33%)
Everyday 6 (13.95%) 2 (4.17%) 1 (8.33%)
Fruits
Regular 15(34.88%) 17(3542%) 4 (33.33%) 0.785
Normal 27 (62.79%) 27 (56.25%) 7 (58.33%)
Never 1(2.33%) 4 (8.33%) 1 (8.33%)
Vegetables
Regular 36 (83.72%) 32 (66.67%) 8 (66.67%) 0.243
Normal 7 (16.28%) 12 (25.00%) 3 (25.00%)
Never 0 (0.00%) 4 (8.33%) 1 (8.33%)
Sa-um
Never 8 (18.60%) 12 (25.00%) 4 (33.33%) 0.796
Normal 27 (62.79%) 28 (58.33%) 7 (58.33%)
Regular 8 (18.60%) 8 (16.67%) 1 (8.33%)
Smoked meat
Never 5 (11.63%) 7 (14.58%) 2 (16.67%) 0.773
Normal 35(81.40%) 36 (75.00%) 10 (83.33%)
Regular 3 (6.98%) 5(10.42%) 0 (0.00%)
Smoked veg
Never 11 25.58%) 14(29.17%) 2 (16.67%) 0.733
Normal 29 (67.44%) 31 (64.58%) 8 (66.67%)
Regular 3 (6.98%) 3 (6.25%) 2 (16.67%)
Salt intake
Less 15 (34.88%) 15(31.25%) 3 (25.00%) 0.800
Heavy 28 (65.12%) 33 (68.75%) 9 (75.00%)
Oil intake
Less 14 (32.56%) 15 (31.25%) 3 (25.00%) 0.882
Heavy 29 (67.44%) 33 (68.75%) 9 (75.00%)
Water intake
>2L 6 (13.95%) 7 (14.58%) 2 (16.67%) 0.985
12 L 9 (20.93%) 14 (29.17%) 3 (25.00%)
500-1 L 23(53.49%) 22 (45.83%) 6 (50.00%)
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Table 3 (continued)

Grade I (43) Grade 1 (48)  Grade Il (12)  p value
1-2 glass 5 (11.63%) 5(10.42%) 1 (8.33%)
Exercise
Never 20 (46.51%) 27 (56.25%) 3 (25.00%) 0.153
34 times 10 (23.26%) 8 (16.67%) 6 (50.00%)
Everyday 13 (30.23%) 13 (27.08%) 3 (25.00%)
Sleeping hours
1-3 2 (4.65%) 4 (8.33%) 1 (8.33%) 0.151
3-6 10 (23.26%) 18 (37.50%) 5 (41.67%)
6-8 27 (62.79%) 21 (43.75%) 5 (41.67%)
8-10 4 (9.30%) 5(10.42%) 1 (8.33%)
Night duty
Yes 9(2093%) 6 (12.50%) 3 (25.00%) 0.438
No 34 (79.07%) 42 (87.5%) 9 (75.00%)
Betel nut/pan
Never 8 (18.60%) 10 (20.83%) 5 (41.67%) 0.278
Less 14 (32.56%) 7 (14.58%) 2 (16.67%)
Normal 10 (23.26%) 16(33.33%) 3 (25.00%)
Heavy 11 25.58%) 15(31.25%) 2 (16.67%)
Gutkha
Never 39 (90.70%) 44 (91.67%) 12 (100.00%) 0.978
Less 2 (4.65%) 2 (4.17%) 0 (0.00%)
Normal 1 (2.33%) 1 (2.08%) 0 (0.00%)
Heavy 1 (2.33%) 1 (2.08%) 0 (0.00%)
Sahdah
Never 13 (30.23%) 11 (22.92%) 6 (50.00%) 0.111
Less 11 (25.58%) 4 (8.33%) 1 (8.33%)
Normal 6 (13.95%) 12 (25.00%) 2 (16.67%)
Heavy 13 (30.23%) 21 (43.75%) 3 (25.00%)
Khaini
Never 33 (76.74%) 32 (66.67%) 10 (83.33%) 0.327
Less 4 (9.30%) 7 (14.58%) 0 (0.00%)
Normal 4 (9.30%) 2 (4.17%) 0 (0.00%)
Heavy 2 (4.65%) 7 (14.58%) 2 (16.67%)
Tuibur
Never 32 (74.42%) 30 (62.50%) 6 (50.00%) 0.593
Less 4 (9.30%) 10 (20.83%) 3 (25.00%)
Normal 5(11.63%) 4 (8.33%) 2 (16.67%)
Heavy 2 (4.65%) 4 (8.33%) 1 (8.33%)
Cigarette
Never 24 (55.81%) 34(70.83%) 8 (66.67%) 0.562
Less 6 (13.95%) 6 (12.50%) 1 (8.33%)
Normal 7(16.28%) 2 (4.17%) 2 (16.67%)
Heavy 6 (13.95%) 6 (12.50%) 1 (8.33%)
Alcohol
Never 41 (95.35%) 48 (100.00%) 12 (100.00%) 0.241
Less 2 (4.65%) 0 (0.00%) 0 (0.00%)

alcohol consumption with tumor grade was also analyzed, and
the variables did not show significant results in determining
the tumor grade.
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Since no association was observed, analysis was carried
out again by confining our search among age group 40—
55 years at the time of BC diagnosis. However, we did not
observe any significant association between tumor grades
with different lifestyle, dietary, tobacco, and alcohol habits
(Supplementary Table 4).

Discussion

In India, BC patients tend to be younger, tumors are often
larger when first diagnosed, and are of high grade as compared
with Western countries (Kaul et al. 2011). The mean age at
diagnosis is about 48 years in Mizoram and is similar to sev-
eral studies conducted in Africa, Ivory Coast, and Middle
East, while in developed countries like the USA and
Western Europe, it is 63 years and around 51 years in Iran
where BC commonly occurs at the advanced age or at the
post-menopausal period (Mirunalini et al. 2010; Pourzand
et al. 2011; Effi et al. 2017).

To help patients in decision-making and provide the best
possible treatment, current BC management depends on the
available clinical and pathological predictive and prognostic
factors. Histological tumor grade is a well-established prog-
nostic factor as it evaluates the morphology of tumor biolog-
ical characteristics and can provide critical reports that are
linked to BC clinical behavior (Rakha et al. 2010). Elston
and Ellis (1991) had suggested that the Nottingham modifica-
tion of Bloom and Richardson which has been the most com-
monly used and widely accepted method for histological grad-
ing system should be used as a standard prognostic factor for
all BC patients, since there is a strong evidence that tumor
grade associates well in the biochemical and kinetic indicator
of differentiation.

Lymph node status and Nottingham grading system have
been shown to be equivalently important prognostic factor of
BC (Rakha et al. 2010). It also helped in determining cancer
staging and treatment options. Even though there is a limited
existing literature, correlating direct association between tu-
mor grades with lymph node involvement, there are studies
correlating tumor grade with the number of lymph node in-
volved and found to be significantly correlated. With the in-
crease in the number of positive axillary lymph nodes, surviv-
al rate decreases and relapse rate increases (Siadati et al. 2015;
Davis et al. 1986). It had also been shown that a lymph node
negative patient had better survival results than a patient with
positive lymph node; they also added that a patient with more
than 10 positive lymph nodes presented the poorest survival
outcomes regardless of the tumor size (Wang et al. 2016).
Falling in line, our results show association of tumor grade
with lymph node even though we cannot conclude to what
extent they are associated.

For routine practice, the three common prognostic factors
used in early-stage BC are histological tumor grade, lymph
node status, and tumor size (Rakha et al. 2010). In our study,
we have found an association between tumor grades with tu-
mor size among age 40-55 years. Henson et al. (1991) have
found that, even if there is a positive lymph node invasion,
patients having grade 1 tumors with <2 cm in size showed an
exceptionally good prognosis (99% 5-year survival). A 20-
year study on Swedish Two-County screen-detected BC pa-
tients has demonstrated that lymph node status and tumor
grade and size at diagnosis time show a lasting influence on
their overall survival (Warwick et al. 2004).

In our study, significant correlation was observed between
tumor grade and status of ER, PR, and HER2/neu that is sim-
ilar to the results of Siadati et al. (2015). Patients with ER+
(54.36%) are superior to those of PR+ (49.51%), quiet similar
to Haiti cohort (51.8%) and is also quite comparable with the
findings reported by different authors from the USA, Ivory
Coast, Europe, and Africa (Effi et al. 2017; De Gennaro
et al. 2018). Interestingly, contrasting to our findings is the
study from the south Indian population with ER— patients
much higher (61.7%) than the ER+ (Thiygarajan et al.
2015). We have found status of ER to have an association with
tumor grade, and our results supports the previous findings
from Western Chinese populations (Zheng et al. 2018). In
our studies, with the increasing grade, ER+ was observed to
be decreasing. Grade III tumor was found to have less ER+ as
compared with grade I and grade II tumor. This result is in
concordance with the study performed by Atif et al. (2018).

Additionally, while our findings on hormone receptors sta-
tus, ER+/PR+ (46.60%) and ER—/PR— (42.71%) being the
most frequent subtypes are in corroborating with the results
of many studies; there are also studies reporting contrasting
results especially for ER+/PR+. An inverse relationship be-
tween the hormone receptor status and tumor grade has been
observed. The greater the tumor grade, the lesser the ER+/
PR+ found. Similar results have been reported (Atif et al.
2018; Effi et al. 2017; Zheng et al. 2018). Our results suggest
the treatment options, such that ER+/PR+ patients could un-
dergo hormonal treatment while ER—/PR— patients should
benefit from chemotherapy.

In our studies, the frequency of HER2/neu+ is 49.51% and
is very much similar to many international and local studies.
Thiygarajan et al. (2015) observed an almost similar result on
HER2/neu+ (43.3%) among the south Indian population.
However, in contrast to our results, HER2/neu+ was observed
at a relatively low percentage (9%) in Maharastra, India
(George et al. 2018). This suggested that there are variations
on HER2/neu reactivity among the Indian state, that is, be-
tween the western and northeastern part of India and also
explains the role of difference in ethnicity.

HER2/neu is an epidermal growth factor present on the cell
surfaces that transmit growth signals to the cell nucleus. Over
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expression of HER2/neu oncoprotein is associated with poor
prognosis. In our study, significant correlation has been ob-
served between tumor grades with status of HER-2/neu
oncoprotein. Several other studies have found a significant
correlation between histological grade IIT and HER-2/neu ex-
pression (Siadati et al. 2015). Similar to our finding, it has also
been reported that HER2/neu+ is more common in high-grade
tumor (Zheng et al. 2018). However, in contrast to our results,
Thiygarajan et al. (2015) observed no correlation between
tumor grades and HER2/neu+.

It is well known that triple negative BC is associated with
carly age at diagnosis and is characterized by poor prognosis,
high invasiveness, and recurrence within the first 3 years, as
well as a higher 5-year mortality rate than other BC subtypes
(Wang et al. 2016; De Gennaro et al. 2018). It is also known
that the prevalence of triple negative BC differs among differ-
ent ethnic groups. Several studies from different countries
have reported variations in hormone receptors and Her2/neu
status in BC patients. Sandhu et al. (2016) have reported the
prevalence of TNBC in India (which compares all four region,
the north, east, west, and south) to be considerably higher
(31%) compared with Western populations. But contrastingly
in our studies, 17.47% of BCs have triple negative subtype,
which is quite similar to the findings on Southeastern Turkey
population (Mirunalini et al. 2010; Sandhu et al. 2016). From
our studies, we have also found that ER/PR/HER?2 status is
significantly associated in determining the grade of tumor.
There are other studies that separately correlate hormone re-
ceptor status and HER2/neu status with grade of tumors. They
have observed the ER/PR expressions to have a significant
correlation with tumor grade I and II and have also found that
the expression of HER2/neu to be associated with tumor grade
III (Siadati et al. 2015).

Family history is among the most important risk factor for
the onset of BC with a relative risk associated with the number
of affected individuals, their age at diagnosis, and the degree
of relationship. It has been reported that 10-30% of women
with BC have at least one or more relative with the same
disease (Tazzite et al. 2013). Existing literatures that correlate
breast tumor characteristics with family history of BC had
given a contradicting finding. In search for the association
between family history of BC and severity of the disease at
the time of diagnosis, Melvin et al. (2016) examined different
tumor grades and found that family history does not appear to
have an association with BC severity at the time of diagnosis,
nor BC-mortality. However, Slattery et al. (1993) have report-
ed that BC patients younger than 50 years of age with a family
history have a significant greater risk of poorer survival when
compared with those women without a family history, with a
relative risk of 1.54 for women with first degree relatives
previously diagnosed with BC.

In our study, 20 (19.41%) patients have a positive family
history of BC. Out of which, 6 patients (5.82%) have first
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degree relative diagnosed with BC. The results of our study
is quite similar to the finding of Slattery et al. (1993) because
the mean age of a patient with a first degree relative is much
younger, which is 49 years and also have statistical significant
association with the tumor grade while no association was
observed with patients having a second degree relative.

Even though, our studies do not show any significant cor-
relation between tumor grade and different epidemiological
factors studied; it is well known that many of the factors in-
cluded in the study had been consistently reported to increase
the risk of causing BC. Several studies on reproductive factors
like age at menarche, age at menopause, age at first delivery,
parity, lack of breast feeding, duration of lactation, age at
menopause, and use of menopausal hormone therapy and oral
contraceptive pills have been reported to increase BC risk.
Lack of breast feeding has also been shown to have a positive
association with BC (Sweeney et al. 2008; Lodha et al. 2011;
Anstey et al. 2017).

With societal development, habits relating to lifestyles such
as pattern of sleep and night time/shift work have drawn the
attention of researchers, as sleep might affect the levels of
several circulating hormones, which include melatonin, insu-
lin, growth hormone, prolactin, glucose, and cortisol that play
an important role in the development of many diseases, in-
cluding BC (Lu et al. 2017). A large cohort study analyzing
73,615 post-menopausal women had described a 25% lower
risk for BC in women with regular physical exercise than
those inactive women (Hildebrand et al. 2013).

The Nurses’ Health Study and a study conducted in NIH-
AARP Diet and Health and also several other studies had
observed heavy intake of animal fats, red meat, smoked, and
processed meat and lower intake of fruits, vegetables, and total
dietary fiber to have significant association with BC risk
(Haraldsdottir et al. 2018; Kim et al. 2017). Taken together,
our results suggest the important roles played by several
clinico-pathological and epidemiological factors in determin-
ing the histological tumor grade among Mizo population.

Conclusion

Our results showed significant correlation between family his-
tory with first degree BC, status of lymph node, hormone
receptors, and HER2/neu oncoprotein in determining the his-
tological grade of breast tumor. The report of our study is the
first time to target and focus on the possible role of biomarkers
for diagnosis in terms of family history and tumor grade in
BC. To conclude, our results further support the previous find-
ings that observed immunohistochemistry test, and sentinel
lymph node biopsy results could help patients in making de-
cision and for the pathologist to provide the best treatment
option. We also suggest the significance of considering a com-
plete family history of the patients in relation to BC, which
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might be an important factor in determining histological tumor
grade. However, a study with a bigger sample size is needed to
establish the role of family history of BC. Furthermore, our
results also demonstrate the important association between
tumor grades with tumor size, which is a time dependent
prognostic factors. The present study highlights the impor-
tance of the factors studied and might help prevent misdiag-
nosis in rural area like Mizoram and provide challenges for all
round development in diagnostic purposes to the patients for a
best treatment option. More in-depth studies are needed in this
region, where incidence of BC cases is more than 500, out of
which, only 426 patients could be reached within 5 years
(2013-2017) of sample collection in a population of just
around 12.85 lakhs in 2018.
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Letter to the Editor

TUIBUR: TOBACCO IN ABOTTLE—
COMMERCIAL PRODUCTION OF TOBACCO
SMOKE-SATURATED AQUEOUS
CONCENTRATE

Certain forms of tobacco that are relatively unknown in the
scientific community have been used widely for centuries.
One such form is tuibur [1,2], a tobacco smoke-saturated
aqueous concentrate prevalent in north-eastern India [3].

The highest prevalence of tobacco consumption in
India occurs in the northeastern province of Mizoram
[4,5], where the Aizawl District also leads the incidence
rates of all tobacco-related cancers in the country [6]. Yet
references to tuibur use are rare and restricted mainly to
local publications [3,7-12].

This commentary aims to raise awareness and stimu-
late research on this tobacco product about which little is
known. We describe its production and distribution with
the support of photographs to contextualize this knowledge
for readers.

Historically, women smoked tobacco in waterpipes
made of bamboo (Fig. 1), and would offer the leftover
tobacco-infused water from the pipe reservoir to their
husband [10]. Users keep a small amount (5-10 ml) of
liquid in the mouth for many minutes several times

throughout the day; some may also swallow a portion of
the liquid [13].

Increased demand for the product moved production
from households to makeshift sheds located near
natural water sources (Fig. 2). Indeed, concern over its
environmental and health impact may help to explain
why tuibur is produced in small batches in artisanal
facilities [14—16]. The production of a fresh batch of tuibur
starts early in the morning. First, water is alkalized by
being filtered through tobacco ash from the previous batch
(Supporting information, Fig. S1). Alkaline pH maintains
an unprotonated form of nicotine that is absorbed easily
through the oral mucosa [1]. This solution is then
poured into the lower chamber of a device (Fig. 3) with a
rudimentary water educator (aspirator). A pipe is inserted
into this chamber with one end just below the water level,
and sealed with mud (Fig. 3). The upper half of the device,
the combustion chamber, is connected to the lower
chamber through a filtered opening at the bottom.

Dried tobacco stalk is placed in the combustion
chamber and set to smoulder (Supporting information,
Fig. S2). Subsequently, this chamber is sealed with wet
tobacco ash. The pressure from a stream of water creates
a suction in the smaller pipes, which ensures that tobacco
smoke bubbles through the alkaline solution. The process

Figure | Traditional waterpipe used for smoking tobacco (Mizoram) [Colour figure can be viewed at wileyonlinelibrary.com]

© 2018 Society for the Study of Addiction
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Figure 2 Tuibur production facility constructed on a cliff near a natural stream, outskirts of Aizaw! city, Mizoram [Colour figure can be viewed at

wileyonlinelibrary.com]

Figure 3 lllustration and photograph of the device used to produce tuibur. (1) Tobacco ash; (2) dried tobacco stalk; (3) fitter to prevent tobacco

from falling into the lower compartment; (4) alkaline feedstock; (5) small pipe to inhale the tobacco smoke [Colour figure can be viewed at

wileyonlinelibrary.com]

is complete when the tobacco stalk has burned completely,
which takes anywhere from 12 hours to 3 days, depending
upon the amount of tobacco stalk used. ‘Crude’ tuibur from
the lower chamber is then pipetted out and filtered again
through tobacco ash (Supporting information, Figure S3).
This ‘commercial’ grade tuibur is sold in bulk to distribu-
tors, who bottle and sell it in local markets with a statutory
pictorial warning,.

Tuibur consumption is highly addictive, and deeply
entrenched in the culture of the region. In addition, the
rudimentary character of tuibur production has potential
environmental consequences, which may compound

© 2018 Society for the Study of Addiction

health impacts. At a time when tobacco control is a global
priority, we argue that this deleterious habit merits more
research attention.
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Supporting Information

Additional Supporting Information may be found online in
the supporting information tab for this article.

Figure S1 Preparation of feedstock for tuibur. S1a: Filtering
water through tobacco ash to make it alkaline; S1b: filling
the alkaline feedstock to lower compartment; Slc: inlet
pipe for tobacco smoke to lower chamber.

Figure S2 S2a and S2b: Dried tobacco stalk loaded into the
upper chamber; S2¢: burning of tobacco stalk in the upper
chamber.

Figure S3 S3a: Pipetting out of tuibur from lower chamber;
S3b: filling containers with tuibur for transportation; S3c:
tuibur sold in local market.
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Questionnaire for Functional Characterization of clinically significant h-BRCA1

Gene mutation among Breast cancer patient in the Mizo population

PERSONAL INFORMATION
Name (Hming): Male/Female (Mipa/Hmeichhia):
Age (Kum):  Date of Birth (Pian Kum) : Ph no:
Marital status (Nupui nei/ pasal nei/ neilo) Age at marriage:
Spouse Name(Nupui/Pasal hming) :
No. of siblings (Pianpui unau): ~~ Male (Mipa) Female(Hmeichhia)
Blood group: ~ Height (san zawng): ~ Weight (Rihzawng):
Birth place (Pianna khua):
Migration history:
Present Address (tuna awmna):
HABITS

How often do you take exercise? (Exercise I la ngai em?)
Rarely/mever () Onceaweek( ) 3-4times a week ( ) Everyday ( )

How many hours of sleep do you get? (Ni khatah darkar engzat nge I mut?)
I- 3 hrs ( ) 3-6hrs ( ) 6-8hrs ( ) 8-10 hrs ( )

Is your job stressful or do you perform shift work (night duty)?
(I hnathawh a hahthlak em?Zan lamah te hna I thawk thin em?) YES ( ) NO( )

Meat consumption per week (Kar khata sa ei tam lam):

Ei/Eilo | Once Twice | Thrice Everyday

Pork(vawksa)

Fish(sangha)

Chicken(Arsa)

Mutton(Kelsa)

Others




How often do you eat each of the following food?
(A hnuaia chaw te hi engtiangin nge I ei that?)

Fruit /Fruit juices (Thei/Thei tui) :  Never / Rarely / Occasionally / Normal / Regularly

Vegetables (thlai) : Never / Rarely / Occasionally / Normal / Regularly
Saum : Never / Rarely / Occasionally / Normal / Regularly
Smoked meat ( Sarep) : Never / Rarely / Occasionally / Normal / Regularly

Smoked Vegetables (Thlairep) :  Never / Rarely / Occasionally / Normal / Regularly
Saltused  (Chi hman):
Salt intake (Chi ei tam lam) : Never / Less / Normal / Heavy
Name of cooking oil used(Tel hman hming):
Amount of oil intake(Tel ei tam lam): Never / Less / Normal / Heavy
Water intake per day (ni khata tui in zat) :
Hardly / 1-2 glass / 500ml-1 Itr / 1 —2 ltrs />2 ltrs

TOBACCO AND ALCOHOL HISTORY

Bettle nut (Kuhva Hring): Never / Less / Normal / Heavy
Gutkha (Zarda/supari/etc): Never / Less / Normal / Heavy
Sahdah: Never / Less / Normal / Heavy
Khaini: Never / Less / Normal / Heavy
Tuibur: Never / Less / Normal / Heavy

Do you smoke? If yes, which brand and how often?( Zozial / Beedi / Cigarette )
(Mei I zu em?] zu anih chuan eng anga tam nge I zuk thin?) Zuk tam zawng

Do you consume alcohol ? If yes, which brand and how often?
(Zu 1 in thin em?I in thin cuan eng anga zing/tam nge?) :

(Local / Branded / Both)  Never / Occasionally / Normal / Regularly



REPRODUCTIVE HISTORY:

Age at Menarche (Thi neih tan kum):

No. of children (Fa neih zat):

Age at first delivery (Fa hmasa ber a pian a i kum zat):
Breast feeding (Hnute i pe em?):

Duration of Breast feeding (Hnute pek rei hunchhung):
Birth control pills (Indanna):

Abortions (Nau I ti tla tawh em?):

Age at menopause (Thi hul kum):

MEDICAL HISTORY

Have you ever been diagnosed with any other type of cancer? If yes,what type of
cancer?

(Cancer hrim hrim I vei tawh em? I vei tawh chuan eng cancer nge?)

Do you have any major illnesses?If yes,what type of illness?

(Natna dang I nei em?1I neih chuan eng natna nge?)

Have you done X-ray or CT scan? If yes, why? YES( ) NO( )
(X-ray emaw CT scan I ti tawh em?I tih tawh chuan engnge a chhan?)

FAMILY DETAILS (in relation to cancer)

Do you have any first-degree relatives - mother, sisters, daughters — with breast
cancer?
(I nu, laizawn, fanu emaw hnute cancer vei an awm em?)

Do you have any second degree relatives diagnosed with breast cancer?
(I laina/cousin emaw hnute cancer vei an awm em?)

Do you have any 1% or 2"! degree relatives diagnosed with ovarian cancer?
(I chhungte chhul cancer vei an awm tawh em?)



Do you have any first or second degree relatives diagnosed with any other types of
cancer?
(I chhungte dang cancer vei an awm tawh em,eng cancer nge?)

Any other type of major inheritable diseases in the family ?
(I chhungte dang natna hlauhawm inthlahchhawn theih vei an awm em?)

When was your cancer diagnosed?

(Engtikah nge cancer I vei tih I hmuhchhuah?)

How do you suspect youself of Breast Cancer?

(Engtinge I in rinhlelh?)

On which side of the breast was tumor found?
(I hnute khawi lamah nge bawk an hmuhchhuah?)
Right () Left( ) Both sides ()

After you were diagnosed with breast cancer, what type of treatment did you take?
(I hnute cancer hmuhchhuah anih atang khan eng enkawlna nge I dawn?)

( Surgery / Chemotherapy / Radiation / Hormone Therapy / Any other )

Do you have a history of Fibroadenoma before you were diagnosed as breast
cancer?
Cancer i nih I in hriatchhuah hma in, I hnute emaw hnute bulah bawk a awm em?

HORMONE RECEPTOR STATUS

ER-(*+) () PR- () () HER2 - (+) (-)



CONSENT (Remtihna)

The information provided above was given with my full consent and I do not have any
objection in providing my biological sample for research purposes. I have read and
understand the consent information.

(Heng a chunga thu te hi ka hriatpui a, ka biological sample hi zir chian atan pek ka
remti thlap e.)

Place (Hmun): Signature:
Date(Ni): Name (Hming):
Ka lawm e

(THANK YOU VERY MUCH FOR YOUR HELP)
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Abstract

Introduction

Breast Cancer (BC) is a complex multifactorial disease regulated by the
association of various genetic, hormonal and environmental factors including diet,
lifestyle and reproductive history. Globally, BC is the top cancer and causes of
death among women. BC related death of around 327,000 has been estimated every
year. In India, almost 100,000 cases of BC have been diagnosed each year, and an
increased to 131,000 cases is expected by the year 2020. In the North Eastern part
of India, the prevalence of BC is considerably higher then the rest of India probably
due to the tobacco exposure leading to genotoxic stress. Mizoram, located in the
Southern corner of Northeast India, also shows an alarming trend in cancer. Latest
report of National Cancer Registry Program (NCRP) revealed consistently high
incidence rate of cervix uteri (15.9 %), lung (15.6 %), and BC (13.0 %) among the
Mizo women populace. BC incidence rate is believed to be already double by 2018
since the recent NCRP is not yet available. Variations in the incidence and mortality
rates of BC between races or ethnicity of different parts of the world suggests that
the known risk factors for BC may differ depending on the demographic and
environmental factors and could not be explained by genetics alone. Several factors
that have been reported to help in BC progression are reproductive factors, lifestyle
and dietary habits, tobacco and alcohol intake, and family history of breast cancer.
With the evolving sequencing technologies, number of BC susceptibility genes has
been reported. BRCAI and BRCA2 are the two most crucial BC predisposing genes

that have a major contribution in the development of inherited BC. Germline
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mutation carriers in these two high penetrant genes increases the lifetime risk of
developing breast as well as ovarian cancer by 80% and are also known to be
associated with the disease onset at an early age. Several studies performing a
comprehensive multi-gene panel testing for BC has unraveled the remaining
responsible genes other than BRCA1/2. A large number of gene mutations (~36-
61%) have been observed in BC patients including those among the high (PTEN,
CDHI, TP53, STKI1l and NFI), moderate (NBN and related genes, CHEK2,
PALB2, ATM) and low penetrance gene (PMS2, MENI, MLHI, MSH6, PPM1D,
MSH?2 and so on) indicating that multiple gene panel testing serves as a more
efficient tool for genetic cancer risk assessment for different sub-types of BC.
Mitochondria play an important role in BC pathogenesis. They produce energy
through aerobic respiration, making mitochondria the main source and target of
intracellular reactive oxygen species (ROS). Mutation rates are much higher as
compared to nuclear DNA most likely because of less efficiency in damage DNA
repair mechanism. Multiple studies have also found associations between cancer
development and somatic mtDNA mutations, also hereditary mtDNA
polymorphism have been found to contribute in cancer progression. From the recent
years, mtDNA have been screened for BC specific mutations simultaneously with
nuclear genome. Mutations observed at certain positions (204, 207 and 16293) of
mtDNA that are obtained from nipple aspirate fluid have been an indicative for BC
and mutations in mtDNA D-loop have been proposed as prognostic marker for BC
independently. Even though there is a wide variation in the observed frequencies,
region of mtDNA characterized and the nature of mutations associated with breast

tumor tissue, it is obvious that mutations in mtDNA serve as informative
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biomarkers for BC detection. Despite Mizoram, being a state with high incidence of
BC and lifestyle of high tobacco consumption and unique dietary habits, data on the
epidemiological and genetic risk factors is limited. To date, there have been no
reports that focus on the genetics or environmental risk factors towards BC for the
Mizo population. The present study on Characterization of clinically significant
mutations associated with Breast Cancer in Mizo population has been proposed
with the aim of evaluating the demographic risk factors and assess the prevalence of
mutation in susceptibility genes associated with BC in Mizo population, Mizoram.
The findings of this study may help us to better understand the causal risk factors
and the prevalence of certain gene mutations that might further help in prevention,

early diagnosis, and provide best treatment option to the patients.



Objectives
The following objectives are set forth to carry out the proposed work:
» Study of mutations in candidate genes and their association with BC in Mizo
Population.
» To determine the potential confounding factors associated with BC and their

pathogenicity analysis using in- silico methods.



Materials and Methods

426 Breast Cancer (BC) patients from all over Mizoram and those registered in
Mizoram State Cancer Institute (MSCI) within the year 2013 — 2017 and 810 healthy
individuals were included in this study. 2 ml of blood was drawn from the
participants (patients and healthy controls) by a trained technician and was stored in
EDTA vials and kept in -20°C for further processing. Subject inclusion criteria are
confirmed BC cases, with and without a history of BC in their family members, and
BC patient of all ages from all over Mizoram, both registered as well as not
registered in MSCI and belonging to Mizo tribe. Epidemiologic studies to determine
the potential confounding factors associated with BC risk was performed by
considering several factors such as reproductive history, environmental factors such
as lifestyle and dietary habits, familial history of BC, other cancer and inheritable
diseases. Association of histological tumor grade with other clinical and
epidemiological features were statistical analysis using chi square test. To screen the
genetic predisposition in Mizo BC patients, mutation in nuclear and mitochondrial
DNA were screened using several approached such as direct Sanger sequencing and
next generation sequencing which include targeted resequencing, clinical exome

sequencing and whole mitochondrial genome sequencing.



Results

From the epidemiological studies of Mizo BC patients, it was found that the
inheritable diseases, having 1* and 2™ degree relatives with BC, high consumption
of khaini (tobacco), smoked food and sa-um (fermented pork fats), lack of physical
exercises and shorter duration of lactation plays a major role in the development of
BC. Late age at menopause, lesser intake of water and vegetables was found to act
as potential confounding factors. Consumption of fish was also found to have an
independent association with BC risk. From the formaldehyde estimation, fish
coming from Andhra Pradesh was observed to have the highest concentration (3.17

ng/g), followed by Silchar (1.52 pg/g), Burma (0.28 pg/g) and Mizoram (0.17

ug/g).

From the analysis of association of histological tumor grade with other
clinical and epidemiological features, a significant association was observed
between tumor grade with lymph node status and tumor characteristics such as ER,
HER2/neu, ER/PR, ER/PR/HER2neu. Tumor grade was also found to have an
association with having Ist degree relative with BC. Interestingly, no association
was observed between tumor grade with other tumor characteristics, reproductive
and environmental factors that were considered in the analysis.

From the screening of mutation from six genes such as BRCAI, TP353,
PTEN, CDHI, CHEK2 and XRCC2, eight polymorphisms in three exons (11, 13
and 15) of BRCAI gene was identified. Four are non- synonymous and the other
four are synonymous. Among the synonymous polymorphisms, one variant,

2.95900A>T: c.4772A>T: p.P1544P in exon 15 was found to be novel. Several



genetics clinics and research groups had reported the other seven remaining
polymorphisms in databases. There was no significant amino acid change to be
noted since all the polymorphisms represent silent substitutions. In case of 7P53,
PTEN, CDHI, CHEK?2 and XRCC?2 gene, no genetic alterations was observed in the
exons of interest.

From targeted re-sequencing of BRCAI and BRCA2 whole gene analysis,
two variants (c.T5089C:p.C1697R and ¢.C376T:p.Q126X) in BRCAI gene from
sample 1F and SF, respectively were found to be pathogenic. These two observed
variants have been reported in databases for other populations and
c.T5089C:p.C1697R is predicted to have a high score of pathogenicity according to
ALIGN- GVGD grading. Among the studied samples, pathogenic variants were not
observed in BRCA2 gene.

From clinical exome sequencing, 16 variants consisting of 5- benign
variants, 3- either benign or VUS (Variants of Uncertain Significance), 1- likely
benign and 7 VUS were observed according to the ACMG (American College of
Medical Genetics) variants classification guidelines. Also, from the observed
variants, 3 variants in BLM (p.Thr162lle), CDKN2A (intronic) and FANCC
(p-Asp197Gly) were found to be novel. The variants found through the clinical
exome sequencing were analyzed using the software prediction tools such as SIFT,
Polyphen2, Provean, LRT, FATHMM, METASVM, METALR and CADD fetched
us 12 deleterious variants. Majority of the variants are missense while only two
variants are intronic-ss-acr and frameshift-ins.

From whole mitochondrial genome sequencing, a total of 119 non-

synonymous variants were found in the samples studied (cases and controls).
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Among them, 51 variants were observed in the protein coding region of mtDNA, in
which 27 were specific to BC cases and 24 were found in common among the cases
and controls. One frameshift variants (12014C>CA; ¢.1255 1255delinsCA) located
in ND4 gene was found to be novel. Four variants (A7P6 8860A>G, ND3
10398A>G, ND5 13708G>A and ND5 14110T>C) found in common for both cases
and controls have been reported in database for BC. According to SIFT and
Polyphen- 2, 22 variants were found to be affecting the normal protein function.
Based on SOSUI software, 98% of non- synonymous variants fall in the
hydrophobic region. The potential impact of a greater number of non-synonymous
substitutions in the protein coding region represented decrease in protein stability,
whereas, only two variant in ND2 and ND6 with AAG of 0.144 and 0.025,
respectively, were observed with increase protein stability according to Pmut.

68 variants in the non-coding displacement loop (d- loop) region of
mitochondrial genome was observed, comprising of 26 BC specific variants and 42
common variants. The variant specific to BC cases, 16126T>C and other eight
common variants such as 73A>G, 152T>C, 263A>G, 16189T>C, 16223C>T,
16290C>T, 16304T>C, 16362T>C has been reported for BC.

The ratio of non-synonymous to synonymous variants for mitochondrial
respiratory complexes was analyzed and it was observed that the complexes vary in
ratio. Complex V with 73% has the highest ratio in comparison to complex I, III
and IV that were all lower than 40%. The dN/dS ratio of the variants in complex I,
I, IV and V were 3.24, 0.894, 1.71 and 0.164, respectively. Since complex I and
IIT were found to exceed 1, it indicates that there is a positive selection for non-

synonymous variants in the two complexes in BC samples.



From the correlation analysis of 66 common variants present in
mitochondrial genome, the frequencies of four variants were found to be
significantly different between the cases and controls. Three of them were located
in the coding region (ATP6 8701A>G, ND3 10398 A>G and ND4L 10609T>C) and
one in the d-loop region (16188 C>-T). These variants obtain a high odds ratio (>

1), which signifies that they are high risk factors for BC occurrence.



Summary and Conclusion

Breast cancer is the leading cancer site and major cause of cancer
death in women and has become the global burden. This complex multifactorial
disease regulated by genetic, hormonal and epigenetic factors such as diet and
lifestyle habits has been an area of research interest. Decades of scientific research
have lead us to the understanding of a fraction of the causal factors such as
mutations in susceptibility nuclear as well as mitochondrial genes and also
environmental factors which differs in different ethnic groups. Despite the
groundbreaking advances being made in term of the discovery of more genes
involved using high- throughput sequencing technologies and improve strategies for
early detection and treatment options, there is a consistent increase in the
prevalence of the disease.

The present study on Characterization of clinically significant
mutations associated with Breast Cancer in Mizo population has been carried out
with the aim of evaluating the demographic risk factors and assess the prevalence of
mutation in susceptibility genes associated with breast cancer in Mizo population,
Mizoram.

The findings of the present work are summarized as follows:

. In Mizoram, BC cases is observed from age as early as 20 and as old
as 91 years. The mean average age was observed to be 49 years.

. Environmental factors such as inheritable diseases, having 1st and 2nd
degree relative with BC, high consumption of khaini (tobacco), smoked food, sa-
um (fermented pork fats), lack of physical exercises and shorter lactation duration

were found to be the significant risk factors for BC in Mizo population.
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. Other factors including late age at menopause, lesser intake of water
and vegetables were also found to act as a potential confounding factors among the
Mizo BC patient.

. We have observed that with the increase in the BC tumor grade, there
is more of positive lymph node invasion. Tumor grade was found to have a
significant association with lymph node invasion (p<0.021), ER (p< 0.004) and
Her2/neu (p< 0.014) independently, double subtype of ER/PR (p< 0.007) and also
the triple subtype ER/PR/HER2 (p< 0.025).

. The study showed that having at least one or more first degree
relative’s BC have a significant association with tumor grade (p<0.003).

. Interestingly, other wvariables such as tumor characteristics,
reproductive factors, dietary and lifestyle habits does not show any significant
association with tumor grade.

. Eight polymorphisms such as p.L771L, p.S694S, p.P871L, p.E1038G,
p.K1183R, p.S1436S, p.P1544P, p.D1546Y were observed in BRCA1 gene from
the candidate gene analysis using Sanger sequencing.

. Among them, p.P1544P in exon 15 was found to be novel. There was
no significant amino acid change to be noted since all the polymorphisms represent
silent substitutions.

. From targeted re-sequencing of BRCA1l and BRCA2 gene, two
pathogenic mutations such as p.C1697R and p.Q126X in BRCAl gene were
observed in two familial Mizo BC samples. Among the familial BC samples
included in the targeted re- sequencing, no pathogenic variants were observed in

BRCA2 gene.
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. Using clinical exome sequencing, the analysis based on ACMG
(American College of Medical Genetics) variants classification guidelines, 16
variants consisting of 5- benign variants, 3- either benign or VUS (Variants of
Uncertain Significance), 1- likely benign and 7 VUS were observed.

. Among them, 3 variants in BLM (p.Thr162Ile), CDKN2A (intronic)
and FANCC (p.Asp197Gly) were found to be novel.

. The second approach for the analysis of clinical exome sequence data
was performed using the software prediction tools such as SIFT, Polyphen2,
Provean, LRT, FATHMM, METASVM, METALR and CADD. Twelve (12)
deleterious variants in the Mizo population were observed: p.Arg2060Cys,
p-Asn289His, p.Glu880Lys, p.Gly62Ser, CDKN2A (Intronic-ss-acr), p.Arg87Trp,
p.Lys1358AspfsTer2, p.Ala370Val, p.Gly283Glu, p.Asp498Tyr, p.Thr363lle,
p-Argl81His.

. From whole mitochondrial sequencing, sequence alterations were
found to be the highest in d-loop region and least in ND6 region.

. In the protein coding region, 51 variants were observed, in which 27
were BC specific and 24 were found in common among the cases and controls.

. One frameshift variants (12014C>CA; c.1255 1255delinsCA) located
in ND4 gene was found to be novel. Four variants (ATP6 8860A>G, ND3
10398A>G, ND5 13708G>A and ND5 14110T>C) found common in both cases
and controls have been reported in database for BC.

. According to SIFT and Polyphen- 2 software analysis, 22 variants
were found to be affecting the normal protein functions. Based on SOSUI software,

98% of non- synonymous variants falls in the hydrophobic region.
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. The potential impact of a greater number of non-synonymous
substitutions in the protein coding region represented decrease in protein stability,
whereas, only two variant in ND2 and ND6 with AAG of 0.144 and 0.025,
respectively, were observed with increase protein stability according to Pmut.

. In the non-coding d-loop region of mitochondrial genome, 68 variants
comprising of 26 BC specific variants and 42 common variants was observed.

. The variant specific to BC cases, 16126T>C and other eight common
variants such as 73A>G, 152T>C, 263A>G, 16189T>C, 16223C>T, 16290C>T,
16304T>C, 16362T>C has been reported for BC.

. The dN/dS ratio of the variants in complex I and III shows a positive
selection for non- synonymous variants indicating the driver role of these
complexes in BC development.

. According to correlation analysis, ATP6 8701A>G, ND3 10398A>G,
NDA4L 10609T>C in coding region and 16188 C>-T in the d-loop region were
found to be high risk factors for BC occurrence in Mizo population.

. Analysis of variant clustering on mitochondrial genome based on the
lifestyle risk factors showed that most of the familial BC cases falls under one
major cluster and is observed to have great number of mitochondrial gene
mutations.

. The major cluster showed familial BC and “tuibur” as the main risk
factor. Dietary habits such as, high consumption of smoked food, Sa-um and fish
are the major risk factor for BC.

. In case of non-familial BC cases, the frequency of mutations is

elevated in mitochondrial respiratory complex 1 (ND1 — ND6).
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The present study is the first scientific evaluation of the demographic,
epidemiological and environmental risk factors towards BC progression and
assessment of BC panel gene mutations in the population of Mizoram. The outcome
of this study on several epidemiological risk factors can serve as baseline data to
provide a more confined risk factors in different age groups of the population.
Furthermore, mutation studies provide us with the knowledge on the prevalence of
several BC susceptibility nuclear as well as mitochondrial gene mutations. Thus,
from this study we can conclude that even though several reproductive, dietary and
lifestyle factors play an important role in the development of BC, the extent of the
contribution of several genes mutations need further validation in order to fully

understand their role in BC progression in Mizo population.
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