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INTRODUCTION

Breast cancer, with its uncertain cause, has captured the attention of surgeons
throughout the ages. Despite centuries of theoretical meandering and scientific

inquiry, breast cancer remains one of the most dreaded of human diseases.!

Tumors or ulcers of breast have been reported as early as 1600 BC as reported
in ancient Egyptian chronicles, the Papyrus. Currently carcinoma breast is the most
common malignancy and the common cause of cancer deaths in women worldwide.

In India carcinoma breast is the second most common malignancy in women.

Mammography and ultrasonography are being used for screening of breast
cancer. Cancer that is detected early can potentially be cured when the tumor is small
enough to be completely removed surgically. Unfortunately, most cancers do not
produce any symptoms until the tumors are either too large to be removed surgically
or cancerous cells have metastasized. Hence there is a need to detect cancer at an

early stage.

Tumor markers are used for the detection of risk, population screening,
diagnosis, staging and prognosis. It can also predict the response to therapy, monitor
treatment, detect the presence of occult metastatic disease, and monitor the course of
the disease. Several tumor markers are in use nowadays, which include alpha
fetoprotein, carcinoembryonic antigen, human chorionic gonadotropin, prostate
specific antigen and relatively less specific markers like lactate dehydrogenase,

alkaline phosphatase, ferritin and gamma glutamyl transpeptidase.

There may be re-expression of certain fetal antigen in breast cancer tissues that

may lead to development of autoantibodies in patients.?
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Breast cancer and thyroid disease predominantly affect females and that both
have a postmenopausal peak incidence has inevitably resulted in a search for an

association between the two diseases.>*

The thyroid hormones are important regulators of growth, development, and
metabolism in higher animals and humans.’ Thyroid hormones have a role in the

normal development of breast.

Where an association between thyroid disease and breast cancer was shown
hypothyroidism frequently exists. The presence of circulating TPO antibodies in
asymptomatic individuals has been implicated as conferring an increased risk for

future hypothyroidism.”

This study was done to measure the levels of TSH , free T4 ,freeTs and anti
TPO antibody levels in patients with newly diagnosed carcinoma breast and benign
breast tumors to understand antiproliferative role of thyroid hormones in breast
tumors and to find if there is any correlation between of anti TPO antibodies level

and breast neoplasia.



REVIEW OF LITERATURE

EMBRYOLOGY AND FUNCTIONAL ANATOMY OF THE BREAST

Embryology

Breast starts to develop from ventral band of thickened ectoderm at 5-6 wks.
Each breast develops when an ingrowth of ectoderm forms a primary tissue bud in the
mesenchyme. The primary bud, in turn, initiates the development of 15 to 20
secondary buds. Epithelial cords develop from the secondary buds and extend into the
surrounding mesenchyme. The breast remains undeveloped in the female until
puberty, when it enlarges in response to ovarian estrogen and progesterone, which
initiate proliferation of the epithelial and connective tissue elements. However, the

breasts remain incompletely developed until pregnancy occurs.!

Functional Anatomy

The breast is composed of 15 to 20 lobes, each composed of several lobules.
Fibrous bands of connective tissue travel through the breast (suspensory ligaments of

Cooper), insert perpendicularly into the dermis, and provide structural support.!

Nipple—areola Complex

The epidermis of the nipple—areola complex is pigmented and is variably
corrugated. The areola contains sebaceous glands, sweat glands, and accessory glands,

which produce small elevations on the surface of the areola (Montgomery tubercles).

Inactive and Active Breast

Each lobe of the breast terminates in a major (lactiferous) duct (2 to 4 mm in

diameter), which opens through a constricted orifice (0.4 to 0.7 mm in diameter) into
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the ampulla of the nipple. Immediately below the nipple—areola complex, each major
duct has a dilated portion (lactiferous sinus), which is lined with stratified squamous
epithelium. Major ducts are lined with two layers of cuboidal cells, while minor ducts
are lined with a single layer of columnar or cuboidal cells. Myoepithelial cells of
ectodermal origin reside between the epithelial cells in the basal lamina and contain
myofibrils. In the inactive breast, the epithelium is sparse and consists primarily of

ductal epithelium.

PHYSIOLOGY OF THE BREAST

Breast Development and Function

Breast development and functions are initiated by a variety of hormonal
stimuli, including estrogen, progesterone, thyroid hormone, prolactin, oxytocin,
cortisol and growth hormone. Estrogen initiates ductal development, while
progesterone and thyroid hormones are responsible for differentiation of epithelium
and for lobular development. Prolactin is the primary hormonal stimulus for
lactogenesis in late pregnancy and the postpartum period. It upregulates hormone
receptors and stimulates epithelial development. Figure -1 depicts the secretion of
neurotrophic hormones from the hypothalamus, which is responsible for regulation of
the secretion of the hormones that affect the breast tissues. The gonadotropins
luteinizing hormone (LH) and follicle-stimulating hormone (FSH) regulate the release
of estrogen and progesterone from the ovaries. In turn, the release of LH and FSH
from the basophilic cells of the anterior pituitary is regulated by the secretion of
gonadotropin-releasing hormone (GnRH) from the hypothalamus. Negative feedback
effects of circulating estrogen and progesterone regulate the secretion of LH, FSH,
and GnRH. These hormones are responsible for the development, function, and

maintenance of breast tissues.!



COMMON BENIGN DISORDERS AND DISEASES OF THE BREAST!

Early Reproductive Years

Fibroadenomas are seen predominantly in younger women age 15 to 25 years.
Fibroadenomas usually grow to 1 or 2 cm in diameter and then are stable, but may
grow to a larger size. Small fibroadenomas (1 cm in size or less) are considered
normal, while larger fibroadenomas (up to 3 cm) are disorders and giant
fibroadenomas (larger than 3 cm) are disease. Similarly, multiple fibroadenomas
(more than five lesions in one breast) are very uncommon and are considered as
disease. The precise etiology of adolescent breast hypertrophy is unknown. A
spectrum of changes from limited to massive stromal hyperplasia (gigantomastia) is
seen. Nipple inversion is a disorder of development of the major ducts, which
prevents normal protrusion of the nipple. Mammary duct fistulas arise when nipple
inversion predisposes to major duct obstruction, leading to recurrent subareolar

abscess and mammary duct fistula.'

Later Reproductive Years

Cyclical mastalgia and nodularity are usually associated with premenstrual
enlargement of the breast and are regarded as normal. Painful nodularity that persists
for more than 1 week of the menstrual cycle is considered a disorder. In epithelial
hyperplasia of pregnancy, papillary projections sometimes give rise to bilateral

bloody nipple discharge.

PAGE’S CLASSIFICATION OF BENIGN BREAST DISORDERS!

Nonproliferative disorders of the breast

e Cysts and apocrine metaplasia
e Duct ectasia
e Calcifications

e Fibroadenoma and related lesions



Proliferative breast disorders without atypia
e Sclerosing adenosis
e Radial and complex sclerosing lesions
e Ductal epithelial hyperplasia

e Intraductal papillomas

Atypical proliferative lesions

e Atypical Lobular Hyperplasia

e Atypical Ductal Hyperplasia

EPIDEMIOLOGY AND NATURAL HISTORY OF BREAST CANCER

Epidemiology

Breast cancer is the most common cancer in women and is the leading cause
of death from cancer for women aged 40 to 44 years. It accounts for 33% of all female

cancers and is responsible for 20% of the cancer-related deaths in women. !

The Primary Breast Cancer

More than 80% of breast cancers show productive fibrosis that involves the
epithelial and stromal tissues. With growth of the cancer and invasion of the
surrounding breast tissues, the accompanying desmoplastic response entraps and
shortens the suspensory ligaments of Cooper to produce a characteristic skin
retraction. Localized edema (peau d'orange) develops when drainage of lymph fluid
from the skin is disrupted. With continued growth, cancer cells invade the skin and
eventually ulceration occurs. As new areas of skin are invaded, small satellite nodules
appear near the primary ulceration. The size of the primary breast cancer correlates

with disease-free and overall survival, but there is a close association between cancer
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size and axillary lymph node involvement. In general, up to 20% of breast cancer
recurrences are locoregional, more than 60% are distant, and 20% are both

locoregional and distant.

HISTOPATHOLOGY OF BREAST CANCER

Carcinoma in Situ

Cancer cells are in situ or invasive depending on whether or not they invade

through the basement membrane.!

e Lobular Carcinoma in Situ

e Ductal Carcinoma in Situ

Invasive Breast Carcinoma

Invasive breast cancers have been described as lobular or ductal in origin.
Eighty percent of invasive breast cancers are described as invasive ductal carcinoma
of no special type (NST). These cancers generally have a worse prognosis than
special-type cancers. Foote and Stewart originally proposed the following

classification for invasive breast cancer.!

L Pagets’ disease of the nipple.
II. Invasive ductal carcinoma
e Adenocarcinoma with productive fibrosis (scirrhous, simplex, NST) 80%
e  Medullary carcinoma 4%
e  Mucinous (colloid) carcinoma 2%
e  Papillary carcinoma 2%

e  Tubular carcinoma (and ICC) 2%



I11. Invasive lobular carcinoma 10%

IV.  Rare cancers (adenoid cystic, squamous cell, apocrine)

RISK FACTORS FOR BREAST CANCER

Hormonal Risk Factors

Increased exposure to estrogen is associated with an increased risk for
developing breast cancer, whereas reducing exposure is thought to be protective.
Correspondingly, factors that increase the number of menstrual cycles, such as early
menarche, nulliparity, and late menopause, are associated with increased risk.
Moderate levels of exercise and a longer lactation period, factors that decrease the
total number of menstrual cycles, are protective. Finally, there is an association
between obesity and increased breast cancer risk. Because the major source of
estrogen in postmenopausal women is the conversion of androstenedione to estrone
by adipose tissue, obesity is associated with a long-term increase in estrogen

exposure.!

Nonhormonal Risk Factors

Nonhormonal risk factors include radiation exposure. Young women who
receive mantle radiation therapy for Hodgkin's lymphoma have a breast cancer risk
that is 75 times greater than that of age-matched control subjects. Survivors of the
atomic bomb blasts in Japan during World War II have a very high incidence of breast
cancer, likely because of somatic mutations induced by the radiation exposure. In both
circumstances, radiation exposure during adolescence, a period of active breast
development, magnifies the deleterious effect. Studies also suggest that the amount
and duration of alcohol consumption are associated with an increased breast cancer

risk. Alcohol consumption is known to increase serum levels of estradiol. Finally,
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evidence suggests that chronic consumption of foods with a high fat content

contributes to an increased risk of breast cancer by increasing serum estrogen levels.

Risk-Assessment Models

Two risk-assessment models are currently used to predict the risk of breast
cancer. From the Breast Cancer Detection Demonstration Project, a mammography
screening program conducted in the 1970s, Gail and colleagues developed the most
frequently used model, which incorporates age at menarche, the number of breast
biopsies, age at first live birth, and the number of first-degree relatives with breast

cancer.??

GENETICS OF BREAST CANCER

GENETIC PREDISPOSITION

Percent Incidence of Sporadic, Familial, and Hereditary Breast Cancer

Sporadic breast cancer 65-75%
Familial breast cancer 20-30%

Hereditary breast cancer 5-10%

BRCA-1 35-45%

e BRCA-2 25-35%
e p53 (Li-Fraumeni syndrome) 1%
e PTEN (Cowden disease)  <1%

e Unknown 20%
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BRCA- Breast Cancer gene

Five to 10% of breast cancers are caused by inheritance of germline mutations
such as BRCA-1 and BRCA-2, which are inherited in an autosomal dominant fashion
with varying penetrance. Both BRCA-1 and BRCA-2 function as tumor-suppressor
genes, and for each gene, loss of both alleles is required for the initiation of cancer.
Breast cancer in these families appears as an autosomal dominant trait with high

penetrance. Approximately 50% of children of carriers inherit the trait.

BRCA-1

BRCA-1 gene is located in chromosome 17q at position 21.In general,
BRCA-1-associated breast cancers are invasive ductal carcinomas, are poorly
differentiated, and are hormone receptor—negative. BRCA-1 associated breast cancers
have a number of distinguishing clinical features, such as an early age of onset when
compared with sporadic cases; a higher prevalence of bilateral breast cancer; and the
presence of associated cancers in some affected individuals, specifically ovarian

cancer and possibly colon and prostate cancers!0-14

BRCA-2

BRCA-2 is located on chromosome 13q and spans a genomic region of about
70 kb of DNA. Like BRCA-1, it is postulated to play a role in DNA damage response
pathways. BRCA-2 messenger RNA also is expressed at high levels in late G1 and S
phases of the cell cycle. The kinetics of BRCA-2 protein regulation in the cell cycle is
similar to that of BRCA-1 protein, suggesting that these genes are coregulated. Breast
cancer in BRCA-2 families is an autosomal dominant trait and has a high penetrance..

BRCA-2-associated breast cancers are invasive ductal carcinomas, which are more
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likely to be well differentiated and to express hormone receptors than BRCA-1-

associated breast cancer.!0-14

EPIGENETICS OF BREAST CANCER

In addition to inherited mutations that occur in hereditary breast cancer,
sporadic breast cancers exhibit ‘epigenetic’’ mechanisms for inactivating several
important DNA repair genes including BRCA1, ATM, CHK2 and p53. Epigenetics
describes chromatin and DNA modifications that alter gene expression but do not

involve changes in the under lying DNA sequences. !>

In cancer, the main epigenetic mechanisms underlying abnormal gene
expression include aberrant CpG-island-promoter methylation and alteration in the
histone modification (deacetylation and methylation). These abnormalities can be

reversed by inhibitors of both DNA methyl transferases and histone deacetylases. '

Both inherited and sporadic breast cancers can exhibit variable ER-a
expression.ER-a is an epigenetically regulated gene that undergoes promoter

methylation in a significant proportion of breast cancers.'®

GROWTH FACTOR RECEPTOR PATHWAYS!’

Growth factor receptors play an essential role in initiating both proliferative
and cell survival pathways in the breast as well as other epithelia. In the breast cancer
biology, the EGFRs and insulin-like growth factor receptors have been studied
extensively. These receptors have a cytoplasmic tyrosine kinase-containing domain
that can activate downstream signaling cascades. Growth factor receptors can be

constitutively activated by excessive ligand levels, activating mutations, or gene
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amplifications/over expression that ultimately leads to inappropriate kinase activity

and growth promoting second messenger activation.

EGFR (HERI1, Erbl) and HER2 (EGFR2 or ErbB2) appear to be particularly
relevant receptors in breast cancer biology. At the molecular level, HER2
amplification is associated with deregulation of G1/S phase cell cycle control via up-

regulation of cyclins D1, E, and cdk6, as well as p27 deregulation.

In addition to activation of EGFR pathway, signaling via insulin-like growth
factor-1 and receptor can result in phosphorylation and activation of a variety of
oncogenic kinases including PI3-K and HER2. IGF-1R is the primary response
mediator of IGF and is expressed in all epithelial cell types. Elevated IGF-1 levels

have been implicated in breast cancer risk.

HORMONAL REGULATIONY’

The degree of exposure to estrogen is a well established risk factor for
developing ER-positive breast cancer. Estrogen is a steroid hormone that has a
profound proliferative effect on normal human mammary epithelium through its

activation of ER-q, a classic nuclear receptor.

Estrogen exerts its action through both ‘genomic’ and ‘nongenomic’
mechanisms. Genomic action refers to the transcriptional regulation of specific target
genes by the ligand bound and dimerised ER-a. Activated ER-a dimers direct
selective gene expression through binding to regulatory regions known as estrogen
response elements. These regions direct the estrogen mediated transcription of several

growth-promoting genes including cyclinD1 and MYC.
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Nongenomic actions of ERa are extremely rapid and result from hormone-
dependent activation of membrane-bound and /or cytosolic ERs. These nonnuclear

ER actions result in rapid phosphorylation and activation of important growth

regulatory kinases like EGFR, IGF-1R etc.

This ‘cross-talk’ between ER-o and growth factor receptors are bidirectional.
Constitutive HER2, for example can increase ER-a signaling to a point where it is

unresponsive to antiestrogen treatments. (Figure: 2)

PI3-K PATHWAY"’

The PI3-K pathway is activated in response to a number of events that result in
increased breast cancer cell growth and proliferation. Activating mutations of PI3-K

may be an important contributing factor to mammary tumor progression.

Activation of the PI3-K pathway, results in 3-phosphoionositide-dependent
kinase-mediated activation of several known kinases including AKTI1, AKT?2.
Activated AKT1 appears to be antiapoptotic but also plays an anti-invasive role in

tumor formation.

DIAGNOSING BREAST CANCER

In 33% of breast cancer cases, the woman discovers a lump in her breast.
Other less frequent presenting signs and symptoms of breast cancer include (1) breast
enlargement or asymmetry (2) nipple changes, retraction, or discharge (3) ulceration
or erythema of the skin of the breast (4) an axillary mass and (5) musculoskeletal
discomfort. However, up to 50% of women presenting with breast complaints have no
physical signs of breast pathology. Breast pain usually is associated with benign

disease.!
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I. CLINICAL EXAMINATION
e Inspection

e Palpation

II. IMAGING TECHNIQUES

e Mammography

In screening mammography, the craniocaudal (CC) view and the mediolateral
oblique (MLO) views of the breast are obtained. Mammography is also used to guide
interventional procedures, including needle localization and needle biopsy. Specific
mammography features like asymmetric thickening of breast tissues, and clustered

microcalcifications are suggestive of breast cancer.!

e Ultrasonography

Ultrasonography is an important method of resolving equivocal
mammography findings, defining cystic masses, and demonstrating the echogenic
qualities of specific solid abnormalities. Ultrasonography is used to guide fine-needle

aspiration biopsy, core-needle biopsy, and needle localization of breast lesions

e Magnetic Resonance Imaging

There is current interest in using MRI to screen the breasts of high-risk women

and of women with a newly diagnosed breast cancer.

III. BREAST BIOPSY

e Nonpalpable Lesions

Image-guided breast biopsies are frequently required to diagnose nonpalpable

lesions. Ultrasound localization techniques are employed when a mass is present,
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while stereotactic techniques are used when no mass is present (microcalcifications

only).!

e Palpable Lesions :

FNA biopsy of a palpable breast mass is performed in an outpatient setting.
BREAST CANCER STAGING

The clinical stage of breast cancer is determined primarily through physical
examination of the skin, breast tissue, and lymph nodes (axillary, supraclavicular, and
cervical). Mammography, chest x-ray, and intraoperative findings (primary cancer
size, chest wall invasion) also provide necessary staging information. Pathologic
staging combines clinical stage data with findings from pathologic examination of the
resected primary breast cancer and axillary lymph nodes. A frequently used staging
system is the TNM (tumor, nodes, and metastasis) system. The American Joint

Committee on Cancer (AJCC) has modified the TNM system for breast cancer. ®)

TNM SYSTEM OF STAGING

Primary tumor (T) Definitions for classifying the primary tumor (T) are the
same for clinical and for pathologic classification. If the measurement is made by
physical examination, the examiner will use the major headings (T1, T2, or T3); if
other measurements, such as mammographic or pathologic measurements, are used,

the subsets of T1 can be used. Tumors should be measured to the nearest 0.1-cm

increment
o X Primary tumor cannot be assessed
. TO No evidence of primary tumor

° Tis Carcinoma in situ
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° T1(mic) Microinvasion 0.1 cm or less in greatest dimension

. T1 Tumor 2 cm or less in greatest dimension

. T2 Tumor more than 2 ¢cm but not more than 5 cm in greatest
dimension

. T3 Tumor more than 5 cm in greatest dimension

° T4 Tumor of any size with direct extension to (a) chest wall or

(b) skin or (¢) both or (d)Inflammatory carcinoma

Regional lymph nodes—Clinical (N)

° NX
. NO
. N1
° N2
. N3

Regional lymph nodes cannot be assessed (e.g., previously

removed)
No regional lymph node metastasis
Metastasis to movable ipsilateral axillary lymph node(s)

Metastases in (a)ipsilateral axillary lymph nodes fixed or
matted, or in clinically apparent (b)ipsilateral internal
mammary nodes in the absence of clinically evident axillary

lymph node metastasis.

Metastasis in (a)ipsilateral infraclavicular lymph node(s)
with or without axillary lymph node involvement, or in
clinically apparent (b) ipsilateral internal mammary lymph
node(s) and in the presence of clinically evident axillary
lymph node metastasis; or metastasis in (c) ipsilateral
supraclavicular lymph node(s) with or without axillary or

internal mammary lymph node involvement.
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Distant metastasis (M)

° MX Distant metastasis cannot be assessed
° MO No distant metastasis
° M1 Distant metastasis

ROLE OF THYROID HORMONE IN BREAST DEVELOPMENT

It is well known that thyroid hormone is a major physiological regulator of
mammalian development through specific effects on the rate of cell differentiation

and gene expression.'®

Thyroid hormones and cognate nuclear receptors are involved in cell growth

and differentiation of many cell types.?°

Growing and developing breasts require the coordinated action of several
hormones such as estrogen (E2), progesterone, thyroid hormones, adrenal steroids,

insulin, and prolactin.?!

Estrogen is considered to be a potent mitogen for the normal mammary gland,
whereas thyroid hormones appear to stimulate lobular development, contributing to
the differentiation of normal breast tissue.”> About one third of breast cancers
maintain estrogen dependence for growth. The concentration of ER in malignant

breast tissues is an indicator of their hormonal dependence.??

Consistent with the proposal that thyroid hormones act on the breast, TR have
been described in breast cancer.?* There are reports on interference between estradiol
and thyroid hormones. Studies suggested a cross talk between ER and TR in
neuroendocrine tissues leading to inhibition of estrogenic effects by thyroid

hormone.?
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The biological activity of thyroid hormones and E2 is only manifested in cells
expressing thyroid hormone (TR) and estrogen receptors (ER), respectively. These
receptors belong to the nuclear receptor superfamily. They share a common
mechanism of action whereby hormone-receptor complexes bind to cis acting DNA

elements and enhance or repress transcription of target genes.?*

The half-site of the consensus sequence of nucleotide bases constituting the
thyroid hormone response element is identical to the ER response element half-site.
TR has been shown to bind to ER response elements in addition to their cognate

response elements.?¢

The T3 receptor binds to estrogen response elements with high affinity. The T3
receptor binds to estrogen response elements in a transcriptionally inactive form
competing with estrogen receptor binding. It thus inhibits estrogen-dependent

transactivation resulting in a net decrease in gene expression.

Recent reports showed that TRs and Ts are involved in carcinogenesis and
influence processes of differentiation, proliferation, apoptosis, and metastasis.
Majority of currently available data suggest the suppressive role of T3 /TRs in

carcinogenesis.?’

ANTICANCER EFFECTS OF T3 /TRS IN HUMAN CELLS

Hypothyroidism affects tumor growth and invasiveness differentially.
Increasing evidence shows that loss of expression and/or function of the thyroid
hormone receptors (TRs) could result in a selective advantage for tumor

development.?®
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Increased aggressiveness was also observed with parental cells that do not
express TRs. These results show that changes in the stromal cells secondary to host
hypothyroidism can modulate tumor progression and metastatic growth independently

of the presence of TRs on the tumor cells.?®

The vast majority of studies on antitumoral activity of TRs are focused on
TRPI1 isoform. This could suggest that among the two isoforms, TRB1 is the one that
controls expression of protein regulators engaged in majority of pathways
contributing to protection against cancer. Different biological functions of TRs result
probably from subtle changes in expression of TR regulated genes. This is in
agreement with the hypothesis of procancerous effects of disturbed expression of TRs.
Aberrantly expressed TRs may lead to deregulation of proteins controlling cell cycle,

such as E,F1,29:30

Kamiya Y et al found that mutations of both a and B TRs leads to severe
improperties in its function, including disturbances in binding of T3, DNA and
coregulatory proteins. E2F1 is a transcription factor controlling Gl to S phase

transition whose expression is negatively regulated by TRs.31-34

Yen et al®® found that T3 inhibits proliferation of hepatoma HepG2-TR cell
line (Fig. 3). In these cells T3 stimulates the activity of promoter and expression of
TGF-B. Upregulation of TGF- results in repression of cell cycle regulating proteins:
cdk2, Cyclin E and ppRb (hyperphosphorylated retinoblastoma protein), and

contributes to inhibition of cell proliferation.

The antitumor role of T3 in liver cancers is also supported by the observation
that hypothyroidism is a possible risk factor for hepatocellular carcinoma in patients

with no known underlying cause of liver disease.3¢
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This is in agreement with experiments in rats showing that although T3
treatment induces liver proliferation, it also leads to loss of hepatocellular carcinoma
nodules, possibly due to redifferentiation of nodular hepatocytes.?’ It is known that
tumor microenvironment may influence the activity of tumor suppressors to result in

switch into their oncogenic function.

TRPB1 mediates inhibition of Na2-f neuroblastoma cell line proliferation and
induction of morphological differentiation by an arrest in G0/G1. TR expression leads
to the suppression of ras oncogene mediated tumor formation in vivo in nude mice
(Fig. 4). The expression of Ha-rasvall2 oncogene activates transcription of cyclin D1

via kinase Rsk2 mediated mechanism, leading to enhanced proliferation.3% 4°

T3 inhibits Rsk2 activity, expression of both TRal and TRPI1 and reduces
transforming ability of ras oncogene. TRB1, however, exerts stronger antiproliferative
effect and is able to inhibit ras-mediated transformation even in the absence of T3 and

to totally abolish tumor formation by ras-transformed cells in nude mice.

Martinez-Iglesias et al*! showed that re-expression of TRB1 in cells that have
lost TR expression leads to tumor growth retardation, partial mesenchymal to
epithelial transition and strongly suppresses invasiveness, extravasations and
metastasis formation in nude mice. (Fig-5) TRB1 expression suppresses expression of
IGFR and EGFR, the receptors of key growth factors activating signaling pathways of
ERK and PI3K. TRB1 also reduces expression of other downstream elements of these
signaling pathways, and blocks TGF-$ dependent activation of MAPK and PI3K. In
consequence, the expression of genes involved in metastatic growth is repressed.
Interestingly, experiments in nude mice suggest that TRs play diverse roles at
different stages of tumorigenesis. TRs deficiency inhibits benign tumor formation at

early stages of carcinogenesis but increases malignant transformation at later stages.*!
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The same group showed also that hypothyroidism in mice affects invasiveness and

formation of metastasis independently of the cellular expression of TRB1.28

PHYLOGENETIC SIMILARITY BETWEEN THYROID AND BREAST

Some endocrine stimuli from thyroid products, thought to exert a simultaneous
action on the breast and the various thyroid antibodies, could also interact with
receptors on breast tumors. This was postulated to be responsible for the coincidence

of mammary and thyroid gland disorders.*> %

The possible interactions between thyroid gland and breast tissue are based on
the common property of the mammary and thyroid epithelial cell to concentrate iodine
by a membrane active transport mechanism as well as on the presence of TSH

receptors in mammary gland.” 44

Thyroid cells phylogenetically derived from primitive iodide-concentrating
gastroenteric cells, during evolution, migrated and specialized in uptake and storage
of iodine, in order to adapt the organisms from iodine-rich sea to iodine-deficient
land. Mammary cells are also derived from primitive iodide-concentrating ectoderm.
Stomach, breast and thyroid share an important iodide-concentrating ability and an
efficient peroxidase activity, which transfers electrons from iodides to the oxygen of
hydrogen peroxide and so protects the cells from damage caused by lipid

peroxidation.*’

THYROPEROXIDASE

Thyroperoxidase belongs to a family of heme peroxidases along with human

myeloperoxidase, eosinophil peroxidase and lactoperoxidase. All share some
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structural similarity, with 14 out of the 15 cysteines present in each of the four

enzymes located at identical positions.”

Thyroid Peroxidase (TPO) is a key enzyme in the synthesis of thyroid
hormone and is a major thyroid microsomal antigen corresponding to anti-microsomal
autoantibodies in thyroid autoimmune diseases. TPO’s primary role is the oxidation of
iodide and coupling of iodine with organic molecules like proteins and lipids. TPO is

stimulated by TSH, which upregulates gene expression.

STRUCTURE OF TPO

Thyroperoxidase is an auto-antigen with a mosaic structure made of nuclear
and mitochondrial gene modules. In humans, thyroperoxidase is encoded by the TPO
gene. The structural gene for human TPO was located on 2q and is about 150 kb long
and consists of 17 exons and 16 introns. The full-length transcript is 3048 bp codes
for a molecule, which consists of 933 amino acid residues. Comparison of the cDNA
sequences from TPO clones and microsomal antigen clones provides definite proof

that the microsomal antigen is TPO.6-%°

Increasing diversity of human thyroperoxidase generated by alternate splicing
has been reported in normal thyroid tissues.*’*® The functional significance of the

newly described spliced mRNA variants still remains to be elucidated.

The TPO extracellular region comprises a large myeloperoxidase-like domain,
linked to the plasma membrane by two smaller domains with homology to
complement control protein (CCP) and epidermal growth factor (EGF), respectively.
These data, together with findings from other studies, localize the TPO autoantibody
IDR to the junction of the CCP-like domain and the much larger myeloperoxidase-

like domain on TPO.* Yet another domain presenting a significant homology with a
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putative heme-binding region of cytochrome C oxidase polypeptide raises the
possibility that a mitochondrial gene module has contributed a piece to the evolution

of a typical nuclear mosaic gene’

SYNTHESIS OF THYROPEROXIDASE

TPO is synthesized on polysomes, gets inserted in the membrane of the
endoplasmic reticulum and undergoes core glycosylation. TPO is then transported to
the Golgi where it is subjected to terminal glycosylation and packaged into transport
vesicles along with thyroglobulin. These vesicles fuse with the apical plasma
membrane, a process stimulated by TSH. TPO delivered at the apical pole of
thyrocytes, exposes its catalytic site with the attached heme in the thyroid follicular
lumen. TPO activity is restricted to the apical membrane, but most of the thyroid TPO
is intracellular, being located in the perinuclear part of the endoplasmic reticulum.
Most of this intracellular protein is incompletely or improperly folded; it contains
only high mannose-type carbohydrate units, while the membrane TPO has complex
carbohydrate units. Glycosylation is essential for enzymatic activity. Chronic TSH

stimulation increases the amount of TPO and its targeting at the apical membrane.>°

ANTI-THYROPEROXIDASE ANTIBODY

Thyroid peroxidase (TPO) autoantibody epitopes are largely restricted to an

immunodominant region (IDR) on the extracellular region of the native molecule.!

Thyroperoxidase Antibodies (TPO) activate complement and are thought to be

involved in thyroid dysfunction and the pathogenesis of hypothyroidism.

TPO autoantibodies, the hallmark of human autoimmune thyroid disease, are

of IgG class and are associated with thyroid destruction and hypothyroidism.TPO
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autoantibody V region genes are not unique; H chain V genes are usually mutated,
while L chain V genes are sometimes in germ-line conformation. Finally, TPO
autoantibody epitopic fingerprints are distinct for individual sera that are not
associated with hypothyroidism, but have been conserved over time. Evidence for
conservation as well as inheritance of the fingerprints in some families, together with
VH gene polymorphisms, may provide insight into the genetic basis of human

autoimmune thyroid disease.>

In patients with subclinical hypothyroidism, the presence of TPO antibodies is
associated with an increased risk of developing overt hypothyroidism. Many clinical
endocrinologists use the TPO antibody test as a diagnostic tool in deciding whether to

treat a patient with subclinical hypothyroidism.

H20:; GENERATING SYSTEM

Peroxidase requires H>O; for its oxidative function. H2O> is produced at the
apical plasma membrane by an enzyme, thyroid NADPH oxidase that requires both

calcium and NADPH.>3

SODIUM IODIDE SYMPORTER — Common Antigen of Thyroid and Breast

The sodium iodide symporter (NIS) is a plasma basolateral membrane protein
that actively transports iodide to the thyroid follicular cells as the first step of thyroid
hormone biosynthesis. NIS also mediates active iodide transport in other human

tissues including salivary glands, lactating mammary gland and gastric mucosa.>* 3

56-58

The ability of the breast to express sodium—iodide symporter and to take

up significant amounts of iodide has led to studies of the potential for use of 3'I
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ablative therapy in breast cancer, analogous to that employed in the treatment of

hyperthyroidism or thyroid cancer.

The plasma membrane of the mammary gland epithelium contains a NIS
protein with a molecular mass different from that of thyroid NIS (~75 kDa vs. ~90
kDa). In the mammary gland, NIS is processed differently after translation and
subjected to regulation by lactogenic stimuli.® It has been reported that over 80% of
human breast cancer samples expressed this symporter. As it is absent in normal non-
lactating tissue, NIS may represent a marker for breast malignancy and even a

possible target for radioiodine therapy.>’

Radio iodide an effective therapy for thyroid cancer, exploits the thyroid
specific expression of sodium iodide symporter (NIS) gene, which allow rapid
internalization of iodide into thyroid cells. Transfection of NSCLC cells with both
Human NIS and TPO genes resulted in increased radioiodine uptake and retention and

increased tumor cell apoptosis.*

IODINE- AN ANTIOXIDANT AND ANTIPROLIFERATIVE AGENT

Iodine is essential to maintaining the normalcy of the thyroid and the breast.
An iodine-deficient state renders the rat thyroid and the breast susceptible to

physiological changes and leads to atypia, dysplasia, and hyperplasia.®

Lactating breast tissue concentrates a significant amount of iodide as a result
of stimulation of NIS expression. The trapped iodide is secreted in milk and provides
iodine for thyroid hormone synthesis to the developing infant. The lactating breast can
concentrate iodide to a similar degree as that seen in the thyroid, producing milk

which is iodine rich. In the mammary gland, iodination of tyrosyl residues on casein
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and other milk proteins correlate with peroxidase activity. lodide organification may

occur even in inactive breast tissues.>’

Inorganic iodine enters the body primarily as iodide, I-. There are evidences
that dietary iodine may affect breast cancer risk.’” Venturi.S.et al have hypothesized
that dietary iodine deficiency is associated with the development of some gastric and

mammary cancers, as it is well-known for thyroid cancer.*’

Geographical variations in the incidence of breast cancer have been attributed
to differences in dietary iodine intake, and an effect of iodine on the breast has been

postulated.®!-62

Molecular iodine (I2) results in a decrease of rat breast hyperplasia and
perilobular/ ductal fibrosis. The beneficial effect of molecular iodine has also been

documented in the human fibrocystic breast condition and in cyclic mastalgia.®3 %4

ANTIOXIDANT ACTION OF IODINE

Oxidation of iodide to iodine (organification) is an important step in thyroid
hormonogenesis. lodine deficiency may produce conditions of oxidative stress with
high TSH producing a high level of H202, which in the absence of iodide is not being
used to form thyroid hormones. The cytotoxic actions of excess iodide in thyroid cells
may depend on the formation of free radicals and can be attributed to both necrotic
and apoptotic mechanisms with necrosis predominating in goiter development and

apoptosis during iodide induced involution.®®

Oxidants, which inactivate many enzymes, are a feature of lipid peroxidation
and DNA damage, and have been shown to be associated with carcinogenesis in the

breast. On the other hand, increased serum levels of antioxidants have been associated
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with reduction in breast cancer risk .There is also some evidence that iodide itself may

act as an antioxidant.%

IODINE INDUCES APOPTOSIS IN TUMOR CELLS

Molecular iodine (Iz) is known to inhibit the induction and promotion
of  N-methyl-n-nitrosourea-induced =~ mammary carcinogenesis, to regress
7, 12 dimethylbenz (a) anthracene -induced breast tumors in rat, and has also been
shown to have beneficial effects in fibrocystic human breast disease. Cytotoxicity of
iodine on cultured human breast cancer cell lines showed iodine induced apoptosis in
the entire cell lines tested. Iodine-induced apoptosis was independent of caspases.
Iodine dissipated mitochondrial membrane potential, exhibited antioxidant activity,
and caused depletion in total cellular thiol content. lodine treatment induces the
translocation of apoptosis-inducing factor from mitochondria to the nucleus, and
treatment of N-acetyl-L-cysteine prior to iodine exposure restored basal thiol content,
ROS levels, and completely inhibited nuclear translocation of apoptosis-inducing
factor and subsequently cell death, indicating that thiol depletion may play an

important role in iodine induced cell death¢’

Iodine, in conjunction with medroxy progesterone acetate, and an iodine-rich
seaweed diet are shown to regress 7, 12-dimethylbenz (a) anthracene-induced rat
breast tumors, and this effect has been corroborated by high tumor tissue iodine

content and induction of apoptosis at the tumor site.®’

Iodide excess is known to induce apoptosis in the thyroid cells in vitro and
also in sodium iodide symporter and thyroperoxidase transfected non-small cell lung
carcinoma cells. Sodium iodide symporter facilitates iodide transport, and
thyroperoxidase oxidizes iodide (I-) to iodine (I2), which is important for its

organification. Propyl-thiouracil, an inhibitor of peroxidase, completely abolishes the
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cell death-inducing effect of iodide in thyroid cells, establishing I, as the mediator of

apoptosis.®’

6- IODO LACTONES- AN IODINATED ANTIPROLIFERATIVE AGENT

Delta-iodolactone are synthesized from arachidonic acid, iodine, and H>O»
catalyzed by peroxidases. Thus, iodolactone formation is not limited to the thyroid

gland but can occur in any organ that contains peroxidases (e.g., the breast).

The delta-iodolactones of arachidonic acid inhibits the EGF (Epidermal
Growth Factor) receptor. When the EGF receptor is inhibited, the metabolism of
arachidonic acid induced by EGF (and TGF-a) is inhibited. This inhibition
suppresses goiter formation and can induce involution (shrinking the goiter).The
delta-iodolactone of eicosapentaenoic acid exerts an antiproliferative effect in the
nanomolar range. Neither arachidonic acid nor other iodolactones (besides delta-
iodolactones) have this antiproliferative effect. Anti-proliferative effect of iodine
requires oxidation of I~ to I because inhibitors of TPO or I- trapping cause reversal
of this inhibitory effect. Such inhibitory actions of iodo-compounds on cell

proliferation might play a role in the breast as well.®

The antiproliferative properties of 1> and the arachidonic acid (AA) derivative
6-iodolactone (6-IL) in both thyroid and mammary glands act via the cellular
pathways activated by these molecules and causing cell cycle arrest and apoptosis in

normal (MCF-12F) and cancerous (MCF-7) breast cells®®
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PEROXISOME  PROLIFERATOR-ACTIVATED RECEPTOR-GAMMA

MEDIATED ACTION OF IODINE

A complex between 6-iodolactone and the peroxisome proliferator-activated
receptor type gamma may mediate the antineoplastic effect of iodine in mammary
cancer. Molecular iodine exhibits potent antiproliferative and apoptotic effects in
mammary cancer models. In the human breast cancer cell line MCF-7, iodine
treatment generates iodine-containing lipids similar to 6-iodo-5-hydroxy-
eicosatrienoic acid and the 6-iodolactone (6-IL) derivative of arachidonic acid (AA),
and it significantly decreases cellular proliferation and induces caspase-dependent
apoptosis. Several studies have shown that arachidonic acid is a natural ligand of the
peroxisome proliferator-activated receptors (PPARs), which are nuclear transcription

factors thought to participate in regulating cancer cell proliferation as shown by:

e 6-IL specific and high affinity binding to PPAR proteins.

e 6-IL induced activation of both transfected (by transactivation assays) and

endogenous peroxisome proliferator response elements, and

e 6-IL supplementation increases PPAR gamma and decreases PPAR alpha
expression. These results implicate PPARs in a molecular mechanism by
which I, through formation of 6-IL, inhibits the growth of human breast

cancer cells®

ASSOCIATION BETWEEN THYROID DYSFUNCTION AND BREAST

TUMORS

The fact that both breast cancer and thyroid disease predominantly affect
females and that both have a postmenopausal peak incidence has inevitably resulted in

a search for an association between the two diseases.?*
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One of the earliest reports on the association of breast cancer with thyroid
disease was that from Beatson in 1896, who used oopherectomy and thyroid extract to

treat breast cancer.”!

The relationship between breast cancer and thyroid disease is a matter of
controversy. Some studies suggested an association between breast carcinoma and
thyroid diseases, including thyroid carcinoma.”?-®¢ Where an association between
thyroid disease and breast cancer was shown to exist, hypothyroidism was the most
frequently observed finding. In fact, many reports considered hyperthyroidism to be
protective against breast cancer because progression of such cancers was more

frequently observed when the hyperthyroidism was treated.?

Smyth et al demonstrated that a direct relationship between thyroid
enlargement and breast carcinoma exists. Thyroid volume was assessed by ultrasound
in 200 patients with breast cancer and 354 with benign breast disease. Results were
compared to appropriate female control groups showed a significantly greater volume

in the breast cancer group than controls.”

Thus almost every form of thyroid disease, including nodular hyperplasia,
hyperthyroidism and thyroid cancer, has been identified in association with breast

cancer.°!

Martinez-Iglesias O et al reported that hypothyroidism might be a possible risk

factor for liver and breast cancer in humans.28

Even though many studies have shown that thyroid diseases are common in

women with breast cancer, other reports have not confirmed this association.”’
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ROLE OF AUTOIMMUNE THYROID DISEASE IN BREAST TUMORS

Shering SG et al reported that the prevalence of hyperthyroidism and
hypothyroidism in patients with breast cancer versus those without breast cancer were
very similar. 45.5% of breast cancer patients had thyroid enlargement as compared
with only 10.5% of controls and, antithyroid peroxidase autoantibodies were twice

more common in breast cancer patients than in controls.’’

Rasmusson B et al also reported a higher frequency of thyroid peroxidase
antibodies (TPO antibody) in breast carcinoma patients, compared with control

groups.’!

These findings have led to the investigation of the relationship between breast
cancer and autoimmune thyroid diseases (AITDs). Such a relationship is not a new
observation, and some authors have reported a higher prevalance of AITDs among breast

cancer patients than in age-matched control individuals.”%**

In a study conducted by Ito and Maruchi,””#? those investigators reported that
there was an increase in risk for breast cancer among patients with Hashimoto's

thyroiditis.

Turken and coworkers describe an association between breast cancer and
autoimmune thyroid disease (AITD), showing not only an increased prevalence of
thyroid peroxidase (TPO) antibodies in patients with breast cancer but also a

significantly increased rate of goiter as compared with control individuals.®!-8?

The percentage of positive TGB-antibody and TPO-antibody serum levels was
higher in women with breast cancer as compared to those with colorectal cancer and
the control group. The results of the study support the controversial theory that there

is an increased prevalence of autoimmune thyroiditis in women with breast cancer.86
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It has been proposed that the immune response might be directed both by
tumor and by thyroid tissue, or that the tumor and thyroid tissue share common

properties, as they both express TPO and the sodium iodide symporter gene.®’ 8%

Mittra et al showed that with the use of specific immunoassays for TPO and
thyroglobulin antibodies, an increased level of TPO has been demonstrated in breast

cancer.°!

ANTITUMOR CYTOTOXICITY - ANOTHER HYPOTHESIS

Although high TPO level has been shown to be a very important factor in
antibody-dependent cell cytotoxicity in the thyroid, and there may be a possible
association between autoimmune thyroiditis and the immune system, there is no

agreement on the significance of its association with breast cancer.6!7”

The mechanisms through which TPO-antibody positivity or reduced/enlarged
thyroid volumes might influence breast carcinoma progression remain a matter of
conjecture. Rodien PM et al observed an association of TPO-antibody positivity with
improved outcome only when thyroid volume was in the intermediate range (10.1—
18.8 mL). It shows that thyroidal involvement, whether in terms of volume or

antibody positivity, was effected via different pathways.®8

Sera from patients with cancer often react against their own tumor cells. These
so-called tumor-specific antibodies have been shown to occur in a diversity of
malignant conditions, demonstrated by means of cytotoxic techniques or

immunofluorescence.?

Apparently the surface of the cancer cell contains antigens that are normal
fetal or adult components but which become exposed to a greater degree or in a higher

concentration than in normal cells and so induce the formation of these antibodies.?
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These "non-tumor specific" antibodies have been studied in detail in patients
with breast cancer by two groups of workers with somewhat conflicting results.
Wasserman and his colleagues observed a higher incidence of serum mitochondrial
and anti nuclear antibodies in breast cancer patients at mastectomy than in matched
controls. They noted that the patients who later had recurrence of their disease showed
a significantly higher incidence of multiple antibodies compared with those who
remained well. They proposed that in patients with breast cancer the increased
incidence of autoantibodies might reflect not only a change in the cell membrane but
also tissue damage due to the presence of cancer or disordered immunological
reactivity associated with deficient tumor surveillance. These theories might also

explain the prognostic significance of the autoantibodies.?’

In the case of thyroid autoantibodies being associated with better disease
outcome in breast cancer, renal carcinoma or melanoma, it is possible that the
immune response to thyroid and tumor tissue might be similarly regulated in that it
might be directed against both tumor and thyroid antigens. Another possibility is that
tumor and thyroid share the same antigens because expression of the sodium—iodide

symporter has been demonstrated in both thyroid and breast tissues.>¢-5

Smyth PPA et al reported that the presence of TPO antibodies is associated
with a significant improvement in both disease-free and overall outcome in breast
cancer patients, and that the magnitude of this prognostic effect was of a similar order
of magnitude to well established prognostic indices for breast cancer such as axillary

nodal status or tumour size.”’

Absence of ER expression and TPOAb were related to a higher mortality rate.
ER+ and TPOAb+ are positive prognostic parameters in BC and the absence of any
relationship between them seems to propose an independent role on the prognosis of

BC patients.”
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TREATMENT INDUCED ANTITUMOR CYTOTOXICITY

The association of thyroid antibody positivity, sometimes with transient
thyroid dysfunction, has been reported in the course of immunotherapy with
recombinant cytokines interleukin-2 and interferon-gamma for various cancers.’!%?
Thyroid antibody related hypothyroidism has been suggested as being associated with

a favorable tumour response to such therapies.

Thus, we have the anomalous situation in which the presence of TPO
antibodies, while being associated with breast cancer, also appears to confer
prognostic benefits. These findings have led to the investigation of the relationship

between breast tumors and autoimmune thyroid diseases (AITDs).
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AIM OF THE STUDY

Thyroid hormone plays an important role in the development of breast
.Thyroid hormone antagonizes the proliferative effect of estrogen both by increasing
the level of SHBG thereby decreases free estrogen level and by acting at the receptor

level.

The aim of the study is:

e To determine thyroid profile and anti - TPO antibody level in benign and

malignant breast tumors.

e To analyze possible association between thyroid hormone levels and breast

tumors.

e To analyze possible association between anti - TPO antibody levels and breast

tumors.

e Whether anti -TPO antibody can be used as a tumor marker in diagnosis of

patients with breast cancer.
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MATERIALS AND METHODS

The study was conducted during the period January 2010 and April 2010. It
was carried out in three groups, namely apparently healthy female controls as
group-1, females with newly diagnosed benign breast tumors as group-2 and females

with newly diagnosed malignant breast cancer as group-3.

Controls

The group comprised of 30 apparently healthy female subjects in the age
group between 32 to 65 years attending the general Out patient Department of Madras

Medical College, Chennai.

Cases

The group comprised of:

e 28 women with newly diagnosed benign breast tumor in the age group

between 33 to 65 years and

e 30 women with newly diagnosed malignant breast cancer in the age group

between 32 to 65 years.

All breast tumors were proved by FNAC.

e Benign breast tumours comprised of:- Fibro adenoma, Fibroadenosis and

Breast cyst

e Malignant breast tumors comprised of:- Ductal carcinoma of the breast
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Inclusion criteria for cases

o Newly diagnosed patients with benign and malignant breast tumors.

Exclusion criteria: for cases and controls

e History of thyroid disorder.

e Patients with breast tumor undergoing treatment.

Sample collection

5 mL of venous blood was collected in plain tube from all cases and controls.
The sample was centrifuged at 2000 rpm for 20 minutes and serum was aliquoted in
separate plain tube and stored at -20 degrees till analysis .The sera was analysed for

TSH, FreeTs, FreeTs and anti —TPO antibody levels.

BIOCHEMICAL MARKERS

Determination of TSH level in serum

TSH level was measured by ELISA method with an open system automated

ELISA analyser (Triturus analyzer ) and manufacturer’s reagent kits.

Methodology

The TSH quantitative kit (ERBA THYROKIT TSH) is a solid phase enzyme

linked immunosorbent assay.

Principle: Immunoenzymometric assay

The essential reagents required for a immunoenzymometric assay include high

affinity and specificity antibodies (enzyme and immobilized), with different and
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distinct epitope recognition, in excess and native antigen. In this procedure, the
immobilization takes place during the assay at the surface of a micro plate well
through the interaction of anti-TSH coated on the well and exogenously added

monoclonal anti-TSH antibody.

Upon mixing a reaction takes place between fixed monoclonal antibody, the
enzyme-labeled second antibody and a serum containing the native antigen. The
reaction results between the native antigen and the antibodies, without competition or

steric hindrance, to form a sandwich complex.

After equilibrium is attained, the antibody-bound fraction is separated from
unbound antigen by decantation or aspiration. The enzyme activity in the antibody-
bound fraction is directly proportional to the native antigen concentration. By utilizing
several different serum references of known antigen values, a dose response curve can

be generated from which the antigen concentration of an unknown can be ascertained.

Kit contents

A. Thyrotropin Standards: 0.4 mL/each
Six vials of references for TSH Antigen at levels of 0(A), 0.25(B), 0.75(C),
2(D), 5(E), 15(F) mIU/mL

B. Thyrotropin control-0.4 mL/vial
Enzyme-conjugate (ready to use)

D. Coated Micro plate -96 wells

E. Wash solution concentrate-25 mL(40 fold)

F. TMB-substrate (12 mL)

G. Stop solution (12 mL)Sulphuric acid 0.25 mol/L
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Procedure

Preparation of wash solution

Dilute contents of wash concentrate to1000 mL with distilled water in a

suitable storage container

Assay procedure

Before proceeding with the assay, bring all reagents, serum references to room

temperature.

Secure the coated wells in the holder. Mark data sheet with sample identification.

25 pL of reference, control and serum samples are dispensed into the appropriate well.

Incubate 10 minutes at room temperature.

100 pL of enzyme conjugate is dispensed into the wells.

Swirl the micro plate gently for 10 seconds to mix and cover .Incubate for 90 minutes

at room temperature.

Discard the contents of the micro plate by decantation or aspiration.

Add 300puL of wash buffer, decant or aspirate. repeat 4 additional times .

100pL of TMB substrate is dispensed into all wells.

Incubate at room temperature for 20 minutes.

Add 100 pL of stop solution to all the wells. mix gently for 15-20 seconds .

Measure the absorbance at 450 nm in a micro plate reader.

The results should be read within 5 minutes of adding stop solution.
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Standard curve

Plot the mean value of absorbance of the standards against concentration.

Draw the best —fit curve through the plotted points.

Calculation of results

Interpolate the values of the samples on the standard curve to obtain the

corresponding values of the concentration expressed in mIU/L

Reference interval

TSH - 0.5 to 5 mIU/L

DETERMINATION OF FREET4 LEVEL IN SERUM

FreeT4 level was measured by ELISA method with an open system automated

ELISA analyzer (Triturus analyzer) and manufacturer’s reagent kits.

Methodology: the free T4 quantitative kit (DIAMETRA) is a solid phase enzyme

linked immunosorbent assay.

Principle

The essential reagents required for a solid phase enzyme linked
immunosorbent assay include immobilized antibody, enzyme-antigen conjugate and
native antigen. Upon mixing immobilized antibody, enzyme-antigen conjugate and a
serum containing the native free antigen, a competition reaction results between the
native free antigen and enzyme -—antigen conjugate for a limted number of

unsolubilized binding sites.
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The interaction is illustrated by the following equation:

Enz Ag + Ag + Ab cw € AgAbey + % AgAbey

After equilibrium is attained, the antibody-bound fraction is separated from
unbound antigen by decantation or aspiration. The enzyme activity in the antibody-
bound fraction is inversely proportional to the native free antigen concentration. By
utilizing several different serum references of known antigen concentration, a dose
response curve can be generated from which the antigen concentration of an unknown

can be ascertained.

Kit contents

Free T4standards 6x (1 vials = 1ml)

The serum are human serum reference for free T4 at app concentrations of 0,0.3, 0.95,

2.1,3.6 and 7.0ng/dL.

Conjugate (12mL)
T4-HRP conjugate
Coated Microplate
Anti-T4 IgG adsorbed on microplate wells-96 wells.
TMB-substrate (12 mL)
H>0,-TMB 0.25gr/L
Stop solution (12 mL)
Sulphuric acid 0.15 mol/L
Conc.wash solution (20 mL)

NaCl 9 gr/L ; Tween20 1gr/L
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Preparation of wash solution

Dilute contents of wash concentrate to1000 mL with distilled water in a

suitable storage container.

Assay procedure

Before proceeding with the assay, bring all reagents, serum references to room

temperature.

Secure the desired number of coated wells in the holder. Mark data sheet with sample

identification.

50 pL of reference and serum samples are dispensed into the appropriate well.

100 pL of enzyme conjugate is dispensed into the wells.

Swirl the micro plate gently for 20 -30 seconds to mix and cover .Incubate for 60

minutes at room temperature.

Discard the contents of the micro plate by decantation or aspiration.

Add 300uL of wash buffer, decant or aspirate. Repeat 2 additional times

100uL of TMB substrate is dispensed into all wells.

Incubate at room temperature for 15 minutes.

Add 100 pL of stop solution to all the wells. mix gently for 15-20 seconds .

Measure the absorbance at 450 nm (using a reference wavelength of 620-630 nm to

minimize well imperfections) in a micro plate reader.

The results should be read within 30 minutes of adding stop solution.
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Standard curve

Plot the mean value of absorbance of the standards against concentration

.Draw the best —fit curve through the plotted points.

Calculation of results

Interpolate the values of the samples on the standard curve to obtain the

corresponding values of the concentration expressed in ng/dL

Reference interval

Adult 0.8 — 2.0 (ng/dL)

Pregnancy 0.8 —2.2 (ng/dL).

DETERMINATION OF FREE T; LEVEL IN SERUM

Free Ts level was measured by ELISA method with an open system automated

ELISA analyzer (Triturus analyzer ) and manufacturer’s reagent kits.

Methodology: the free T3 quantitative kit (DIAMETRA) is a solid phase enzyme

linked immunosorbent assay.

Principle

Competitive Enzyme Immunoassay — Analogue Method for Free T3.The
essential reagents required for a solid phase enzyme linked immunosorbent assay
include immobilized T3 antibody, enzyme T3- conjugate and native T3 antigen. Upon
mixing immobilized antibody, enzyme-antigen conjugate and a serum containing the
native free antigen, a competition reaction results between the native free antigen and

enzyme —antigen conjugate for a limited number of unsolubilized binding sites.
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The interaction is illustrated by the following equation

Enz Ag + Ag + Ab cw € AgAbey + % AgAbey

After equilibrium is attained, the antibody-bound fraction is separated from
unbound antigen by decantation or aspiration. The enzyme activity in the antibody-
bound fraction is inversely proportional to the native free antigen concentration. By
utilizing several different serum references of known antigen concentration, a dose
response curve can be generated from which the antigen concentration of an unknown

can be ascertained.

Kit contents

Free T3 standards 6x (1 vials = 1ml)

The serum are human serum reference for free T3 at app concentrations of 0,

0.4,1.2,4.5,8 and 18 pg/mL.

Conjugate (12mL)
T3-HRP conjugate
Coated Microplate :-
Anti- T3 IgG adsorbed on microplate wells-96 wells.
TMB-substrate (12 mL)
H20,-TMB 0.25gr/L
Stop solution (12 mL)
Sulphuric acid 0.15 mol/L
Conc.wash solution (20 mL)

NaCl 9 gr/L ; Tween20 1gr/L
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Preparation of wash solution

Dilute contents of wash concentrate to1000 mL with distilled water in a

suitable storage container

Assay procedure

Before proceeding with the assay, bring all reagents, serum references to room

temperature.

Secure the desired number of coated wells in the holder. Mark data sheet with sample

identification.

50 pL of reference and serum samples are dispensed into the appropriate well.

100 pL of enzyme conjugate is dispensed into the wells.

Swirl the micro plate gently for 20 -30 seconds to mix and cover .Incubate 60 minutes

at room temperature.

Discard the contents of the micro plate by decantation or aspiration.

Add 300puL of wash buffer, decant or aspirate. Repeat 2 additional times

100pL of TMB substrate is dispensed into all wells.

Incubate at room temperature for 15 minutes.

Add 100 pL of stop solution to all the wells. Mix gently for 15-20 seconds .

Measure the absorbance at 450 nm (using a reference wavelength of 620-630 nm to

minimize well imperfections) in a micro plate reader.

The results should be read within 30 minutes of adding stop solution.
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Standard curve

Plot the mean value of absorbance of the standards against concentration.

Draw the best —fit curve through the plotted points.

Calculation of results

Interpolate the values of the samples on the standard curve to obtain the

corresponding values of the concentration expressed in pg/mL.

Reference interval

Adult 1.4-4.2 (pg/mL)

Pregnancy 1.8 —4.2 (pg/mL).

DETERMINATION OF ANTI-TPO IN SERUM

Methodology

Immunoenzymatic colorimetric method for quantitative determination of anti-

TPO concentration in serum and plasma.

Principle

This test is based on two-site sandwich enzyme immunoassay principle.
Tested specimen is placed into the micro wells coated by the antigen. Antibodies from
the specimen bind coated antigen on the micro well surface. Unbound material is
removed by washing procedure. Second antibodies directed towards human Ig and
labeled with peroxidase enzyme, are then added into the micro wells. After
subsequent washing procedure, the remaining enzymatic activity bound to the micro

well surface is detected and quantified by addition of chromogen substrate mixture,
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stop solution and photometry at 450 nm.Optical density in the micro well is directly

related to the quantity of specific antibodies in the specimen.

Kit contents

Anti-TPO standards 6 X( 1 vial=1.2 mL)

Std0 (0), std 1(5), std 2(10), std 3(20), std 4(80) and std 5(320) [AU/mL]

Controls

Negative and Positive

Sample Diluent :- 100mL

Conjugate- 15 mL

Anti h-IgG conjugated with peroxidase, BSA 0.1%, Proclin < 0.003%

Coated Microplate -96 wells

Thyroperoxidase adsorbed on microwells surface.

TMB —Substrate -15 mL

3,3’ 5,5 — tetramethylbenzidine 0.26 g/L, hydrogen peroxide 0.05%.

Conc. Wash solution -20 mL

Phosphate buffer 0.2M, proclin < 0.002%

Stop solution -15 mL

Sulfuric acid 0.15 M
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Preparation of wash solution

Dilute the contents of concentrated wash solution with distilled water to final volume

to 1000mL

Preparation of sample

All serum samples prediluted with sample diluents 1 : 100 .

10uL of sample diluted with 1000uL of sample diluents.

Assay procedure

Allow all reagents to attain room temperature.

Secure the coated wells in the holder. Mark data sheet with sample identification.

100ul of reference, control and diluted serum samples are dispensed into the

appropriate well.

Incubate 30 minutes at room temperature.

Discard the contents of the micro plate by decantation; wash the wells three times

with 300puL of wash buffer.

100 pL of enzyme conjugate is dispensed into the wells.

Swirl the micro plate gently for 10 seconds to mix and cover Incubate 30 minutes at

room temperature.

Discard the contents of the micro plate by decantation, wash the wells three times

with 300puL of wash buffer.

100pL of TMB substrate is dispensed into all wells.
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Incubate at room temperature for 15 minutes.

Add 100 pL of stop solution to all the wells. Mix gently for 15-20 seconds

Measure the absorbance at 450 nm in a micro plate reader.

The results should be read within 5 minutes of adding stop solution.

Standard curve

Plot the mean value of absorbance of the standards against log concentration

of the calibrators. Draw the best —fit curve through the plotted points.

Calculation of results

Interpolate the values of the samples on the standard curve to obtain the

corresponding values of the concentration expressed in AU/mL.

Reference interval

Anti-TPO (AU/mL)
e Normal: <20

e FElevated: >20
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STATISTICAL ANALYSIS

MEAN

STANDARD DEVIATION

ONEWAY ANOVA

MULTIPLE COMPARISON USING BONFERRONI T-TEST

ROC CURVE

ODDS RATIO

CHI SQUARE TEST
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RESULTS

The mean age of the controls was 48.1+ 9.7 years, of benign breast tumor

cases was 48.07+ 7.8 years and of malignant breast tumor cases was 51.03+ 9.5 years.

The biochemical parameters namely TSH, T3, fT4 and anti TPO antibody
level along with the biological parameters such as age, parity, age at first child birth ,
duration of exposure to endogenous estrogen and family history of breast cancer
obtained from the study population are given in Master Chart : for 30 controls,

28 benign breast tumor cases and 30 malignant breast tumor cases.

Table - 1: Shows the comparison of biological risk factors among cases and
controls. The statistical significance was determined by oneway ANOVA and Chi-
square test. There was no significant difference between the controls, benign and
malignant breast tumor cases with respect to age, parity, age at first childbirth, family

history of breast cancer and duration of exposure to endogenous estrogen.

Table — 2: Shows the comparison of TSH among controls, benign and
malignant breast tumors.The mean value and standard deviation were: for controls
2.5940.89 mlIU/L, for benign 2.76+0.68 mIU/L and for malignant breast tumors

3.1740.62 mIU/L respectively.

Figure 6 : Shows the comparison of TSH among controls, benign and

malignant breast tumors.

Figure 7: Shows the distribution of TSH values among controls and benign

and malignant breast tumors patients.

The TSH values was significantly high among the breast cancer patients when

compared to the controls with a p-value = 0.01. Though the mean TSH value of the
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benign breast tumor patients was higher than the controls it was not significant.

(p-value = 1.0).

Table -3: Shows the comparison of fT4 among controls, benign and malignant
breast tumors. The mean value and standard deviation were: for controls 1.61+0.46
ng/dL ,for benign 1.43+0.33 ng/dL and for malignant breast tumors 1.00+0.28 ng/dL

respectively.

Figure 8: Shows the comparison of fT4 among controls, benign and malignant

breast tumors.

Figure 9: Shows the distribution of fT4 values among controls and benign and

malignant breast tumors patients.

The levels of free T4 was significantly low among the breast cancer patients
when compared to the controls and the benign breast tumor patients. (p-value- 0.001).
The benign breast tumor patients had a mean fT4 value lower than the controls, but

was not significant. (p-value = 0.19).

Table -4: Shows the comparison of fT3 among controls, benign and malignant

breast tumors.

The mean value and standard deviation were: for controls 2.89+ 0.85 pg/mL,
for benign 2.66+0.70 pg/mL and for malignant breast tumors 2.05+0.73 pg/mL

respectively.

Figure 10: Shows the comparison of fT3 among controls, benign and

malignant breast tumors.
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Figure 11: shows the distribution of fT3 values among controls and benign

and malignant breast tumors patients.

The levels of free Tz was significantly low among the breast cancer patients
when compared to the controls and the benign breast tumor patients.
(p-value = 0.001).The benign breast tumor patients had mean fT3 value lower than

the controls, but was not significant. (p-value = 0.756)

Table -5: Shows the comparison of anti-TPO among controls, benign and
malignant breast tumors. The mean value and standard deviation were: for controls
11.11+10.2 AU/mL, for benign 12.98+6.84AU/mL and for malignant breast tumors

67.77+89.41 AU/mL respectively.

Figure 12: Shows the comparison of anti-TPO among controls, benign and

malignant breast tumors.

Figure 13: Shows the distribution of anti-TPO values among controls and

benign and malignant breast tumors patients.

The levels of anti TPO antibodies were significantly high among the breast
cancer patients when compared to the controls and the benign breast tumor patients.
(p-value = 0.001). The benign breast tumor patients had mean anti-TPO value higher

than the controls, but was not significant. (p-value- 1.0)

Table 6: Shows frequency of cancer patients by their staging and their
respective anti-TPO values. On comparing the anti-TPO values among the various
stages of breast cancer there was an increase in the anti-TPO levels with increasing

progression of cancer.
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Figure 14: shows the ROC curve for the anti-TPO values and a diagnostic

cutoff of 20.350AU/mL was made which had a sensitivity of 76% and specificity of
83%. So anti-TPO antibody level can be included in the risk assessment profile of

breast cancer.

Table 7: Shows the odds’ ratio calculation with anti-TPO cut-off value of

20.35AU/mL.

O.R value = 13.14 ; 95% confidence interval of 3.8 to 45.0.
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DISCUSSION

Breast cancer is an extremely heterogeneous disease caused by interactions of
both inherited and environmental risk factors that lead to progressive accumulation of
genetic and epigenetic changes in tumor suppressor genes of the breast epithelial

cells!

Excess proliferation of breast epithelial cells caused by unopposed estrogen
and various mitogenic growth factors like EGF and IGF by stimulating the growth
factor signaling pathway leads to development and progression of breast cancer.
Thyroid hormone by causing differentiation of breast epithelial cells antagonizes the

proliferative effect of estrogen and mitogenic growth factors.

We evaluated the association between thyroid dysfunction including

autoimmune thyroid disease and breast tumors in this study.

The TSH values were significantly high among the breast cancer patients
when compared to the controls proving the association of thyroid hypofunction and

the resultant increase in TSH in breast cancer patients.

The levels of free T4 and free T; were significantly low among the breast

cancer patients when compared to the controls and the benign breast tumor patients.

The low freeT4 and freeTs further substantiates that there is association

between hypothyroidism and breast cancer.

Although conflicting results have been documented and hyperthyroidism has
been described as risk for breast cancer, the results of this study however showed the

presence of hypothyroidism being associated with development of breast cancer. (1
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Similar association has been shown by Goldman et al who found that
hypothyroidism was the most frequently observed finding when thyroid disease and
breast cancer coexisted. In fact, many reports considered hyperthyroidism to be
protective against breast cancer because progression of such cancers was more

frequently observed when the hyperthyroidism was treated. 28

The nonsignificant p-value of TSH, free T4 and free T3 between benign breast
tumor patients and controls suggest a possibility that pathogenesis of benign breast

neoplasia involves other unidentified mechanism not involving thyroid hormones.

The levels of anti TPO antibodies were significantly high among the breast
cancer patients when compared to the controls and benign breast tumor patients,

which show the association between autoimmune thyroid disease and breast cancer.

The mean anti -TPO value of benign breast tumor patients was not significant

when compared to the controls.

Though the anti-TPO values among the various stages of breast cancer showed
an increase with increasing progression of cancer, it carried less credit when the

groups were substratified since the sample size was not adequate.

The findings in the present study confirmed reports of Rasmusson B et al

who showed a higher TPO.Ab positivity in women with breast carcinoma.?!

The tendency towards thyroid hypofunction, evident in the skewed distribution
of serum TSH values in breast carcinoma patients associated with TPO.Ab positivity,
is consistent with previous reports showing an association between thyroid disease
and breast carcinoma, in which hypothyroidism was most frequently observed

95,96

finding.
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The finding of higher serum TSH values, even within the reference range,
together with the presence of TPO.Ab, may indicate susceptibility to future

hypothyroidism.”

The thyroid hormones are important regulators of growth, development, and
metabolism in higher animals and humans. A pathophysiological role of
hypothyroidism is supported by invivo data indicating a role of thyroid hormones in

mammary gland development by stimulating ductal branching and alveolar budding.’

The observed association between hypothyroidism and breast carcinoma may
be due to the biological effect of T3 at the cellular level through either a direct

interaction with thyroid receptor or a modulation of the TSH receptor.”?

TRs are widely distributed in mammalian tissues, but transformed or
immortalized cells in general express very low levels of TR. TR can also alter
expression of genes that do not contain a hormone response element through positive

or negative interference of other transcription factors and signaling pathways.

Hypothyroidism is a common disorder with an incidence of approximately
3-4% of symptomatic disease in general population that increases to up to 13-14%
among individuals aged more than 65 years. Hypothyroidism may be an independent

risk factor for development of breast cancer.”?

The association between TPO.Ab positivity and breast carcinoma, suggests the
presence of subclinical autoimmune thyroid disease in a proportion of patients with

breast carcinoma.”’

Because thyroid hormone has an antiproliferative effect on mammary

epithelial cells, it was hypothesized that presence of excess antiTPO antibodies by
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inhibiting TPO causes hypothyroidism which in turn poses a risk of developing breast

cancers.

Another intriguing possible role may be ascribed to iodide, based on its
protective antioxidant mechanism. This theory has been postulated based on the

capacity of breast tissue to transport and concentrate iodide.”’

One area in which thyroid and breast functions overlap is in the uptake and
utilization of iodide. Both organs require a method of oxidizing I to D
(organification) in order to produce iodoproteins and iodolipids like 6 iodolactones.
This involves the presence of H>O; as an oxidizing agent catalyzed by TPO in the

thyroid and by lactoperoxidases in the breast.”’

Iodolipids like 6-iodolactones which acts via peroxisomal proliferator
activator receptor — gamma (PPAR-y) and prevents proliferation of mammary

epithelial cells.

Crosstalk between PPARs and TRs may also be mediated indirectly, such as a
reciprocal regulation of PPAR expression by TRs or vice versa. The TR action may
also be regulated indirectly by PPARs, e.g. via its modulating the intermediate

enzyme genes, such as deiodinase-2 involved in T3 metabolism.>

The possibility of an autoimmune-mediated mechanism being responsible for

inhibition of iodide uptake in the thyroid has been previously reported.

Also since breast and thyroid have a common phylogenetic origin, it is
possible for an increased expression of TPO antigen in the breast cancer cells similar
to expression of sodium iodide symporter.’®3® The raise in the anti TPO antibody

level can be a part of antitumor immunity directed against breast cancer.
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The question of whether the presence of TPO antibodies in serum of patients

with breast cancer is breast specific or part of a generalized immunogenic response
needs to be explored. Also requiring study are the involvement of iodide transport in
the breast and additional roles for iodinated compounds within the mammary glands,
with their accompanying benefit of providing a new therapeutic pathway for

radioiodine ablative therapy.
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CONCLUSION

We evaluated the association between thyroid dysfunction including

autoimmune thyroid disease and breast tumors in this study.

In the study TSH was elevated in the breast cancer patients when compared to
the controls. The fT4, fT3 were lowered and Anti-TPO antibody was elevated in
breast cancer patients when compared to benign breast tumors and controls. Anti-TPO
antibody by decreasing the synthesis of thyroid hormones and iodo-lipids increases

the risk of developing breast cancer.

To conclude:

There is an association between hypothyroidism and breast cancer.

e There is no association between hypothyroidism and benign breast tumors.

e There is an association between autoimmune thyroid disease and breast cancer

and

e Anti —TPO antibody can be included in the risk assessment profile of breast

cancer.
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SCOPE FOR FURTHER STUDY

Thyroid receptor status of breast cancer tissue can be studied and a possible

association between TR and ER status can be investigated.

Thyroid receptor polymorphism studies can be done on breast cancer patients.

TPO mRNA expression in breast tumors can be assessed.

Tissue iodine determination in breast tumor tissue can be estimated.
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MASTER CHART- BENIGN BREAST TUMOUR PATIENTS

SNo | Adevrs est‘::d:r?::(’::ure arit age at first Premenopause family H/O TSH T4 T3 anti-TPO ab
) gey gin yr.f PAMY | childbirth yrs Imenopause breast cancer miU/L ngl/dL pg/mL AU/mL
1 60 28 2 20 m n 2.51 1.46 2.94 10.75
2 43 21 1 24 m n 2.44 147 2.98 10
3 51 32 0 NA m n 248 1.46 297 10
4 49 30 1 22 m n 3.74 1.01 2.06 224
5 53 31 2 21 m n 3.12 1.43 246 7.2
6 48 28 2 19 m n 2.78 1.38 2.79 13.2
7 35 20 3 19 p n 2.98 1.12 2.22 11.2
8 51 31 2 25 m y 2.82 1.37 2.79 13.25
9 50 31 3 25 m n 2.78 147 2.88 115
10 61 32 2 20 m n 2.72 1.44 2.9 11
1 58 33 3 20 m n 2.22 1.57 3.12 75
12 52 34 2 22 m n 2.62 1.38 3.74 7.2
13 51 30 2 23 m n 2.98 1.31 2.26 7.3
14 65 30 5 25 m n 1.32 2.06 4.14 8.76
15 44 29 3 18 p n 3.89 0.61 1.24 27.2
16 49 29 2 23 m n 2.94 1.11 2.24 9.75
17 48 34 3 18 p n 24 14 2.82 13
18 50 30 2 20 m n 1.96 2.11 3.38 6.2
19 47 30 3 25 p n 2.76 1.63 2.74 10.6
20 48 35 0 NA p n 2.01 1.68 3.41 55
21 45 31 2 21 p n 242 1.42 2.82 12.6
22 47 30 2 27 p n 2.26 1.43 2.98 8.5
23 52 32 4 20 m n 2.38 1.42 2.88 14.5
24 47 30 2 20 p n 2.2 1.51 3.02 7.8
25 36 25 2 20 p n 2.82 1.41 2.6 16.6
26 38 25 3 19 p n 3.2 1.86 1.16 26.2
27 33 21 1 25 p n 4.71 1.82 1.66 21.9
28 35 21 3 17 p n 3.89 0.69 14 31.9

mean 48.07 29.04 2.76 1.43 2.66 12.98

SD 7.83 4.12 0.68 0.33 0.70 6.84




MASTER CHART - CONTROLS

Endogenous

. age at first premenopause/ family H/O TSH fT4 T3 anti-TPO antibod
SNo | Ageyrs estro%e;l::fsosure parity chisljdbirth yrs menopause breast‘::ancer miU/L ng/dL pg/mL AU/mL g
1 62 33 4 24 m n 1.82 1.97 3.67 35
2 45 32 3 20 p n 1.72 2.01 3.72 5
3 48 34 3 23 m n 1.14 2.01 4.02 1
4 63 35 4 21 m n 3.79 0.71 1.32 38.3
5 60 32 3 20 m n 1.88 1.75 3.34 9
6 40 27 3 21 p n 1.94 2.11 3.52 5.5
7 64 32 1 26 m n 1.74 2.11 3.71 6.25
8 38 24 1 32 p n 1.72 22 38 2
9 32 20 1 18 p n 1.92 1.87 3.52 8
10 39 25 3 24 p n 3.51 1.57 2.16 0.5
11 58 36 2 20 m n 4.51 1.86 0.89 22.2
12 44 32 3 20 p n 2.04 2.02 35 6
13 50 32 4 20 m n 2.08 1.86 342 6.6
14 54 31 0 NA m n 1.02 2.07 3.79 3.2
15 37 25 2 18 p n 3.16 1.65 2.84 13.4
16 38 25 2 19 p n 3.38 0.62 2.02 20.3
17 55 33 3 18 m n 3.26 1.32 252 17.5
18 55 34 4 20 m n 3.62 0.78 1.45 37.6
19 50 32 2 20 m n 3.58 0.97 1.72 23.7
20 65 35 4 20 m n 2.52 1.13 3.04 1
21 48 32 3 20 m n 2.35 1.28 2.74 1.5
22 50 3 0 NA m n 1.88 1.99 3.65 4
23 38 24 2 20 p n 3.62 1.29 2.28 18.3
24 40 26 2 20 p n 3.52 0.99 1.81 211
25 45 30 3 20 m n 272 2.03 3.54 5.55
26 48 34 4 20 p n 3.46 1.28 2.24 18.3
27 49 33 2 22 m n 3.1 1.71 2.82 13.6
28 32 20 2 24 p n 2.01 1.77 3.32 0.5
29 37 24 3 25 p n 2.76 1.63 3.14 11
30 59 32 4 19 m n 2.01 1.73 34 9
Mean 48.1 29.83 2.59 1.61 2.89 11.11
SD 9.78 4.56 0.89 0.46 0.85 10.21




MASTER CHART-MALIGNANT BREAST CANCER PATIENTS

Age Endogenous . age at f'rSt Premenopause family HIO . TSH fT4 fT3 anti-TPO antibod
S.No In 3rs Estrogen e%(posure yrs parity Chi'rlldybr'srth Imenopause :arﬁ?::t clincal stage miU/L ngl/dL pg/mL AU/mL g
1 32 20 2 17 p n 1A 3.7 0.79 1.44 415
2 47 34 4 20 m n I B 3.78 0.8 1.32 322
3 47 29 3 20 m n 1B 219 1.5 2.98 12.2
4 3 19 2 15 p n B 3.52 0.78 1.46 38.25
5 51 33 3 20 m n B 35 0.8 1.38 58.5
6 65 32 4 25 m n I B 3.46 0.8 2.24 31.5
7 35 23 2 20 p n 1B 3.68 0.81 1.48 58.2
8 51 30 2 25 m n 1B 1.59 1.18 3.9 18.5
9 65 34 5 16 m n B 34 0.83 2.25 31.2
10 55 33 1 27 m n I B 3.66 0.82 1.56 38.5
11 61 28 2 18 m n 1B 3.1 0.98 2.02 22.3
12 55 33 5 20 m n B 348 0.83 1.52 375
13 50 28 2 22 m n I B 3.22 0.84 1.82 33
14 43 29 3 16 m n 1B 3.5 0.81 1.4 44
15 65 36 3 25 m n B 3.7 0.9 1.35 52
16 48 33 0 NA m n B 2.55 1.39 2.86 16
17 47 35 2 26 p n 1A 3.5 0.98 1.92 24
18 50 27 3 20 m n [\ 342 0.84 2.32 301
19 41 28 3 20 p n A 351 0.88 1.41 148
20 51 33 1 35 m n B 342 0.87 1.43 134
21 50 33 4 22 m y 1B 3.69 0.82 1.42 48.75
22 63 30 2 25 m n 1B 3.34 0.98 1.39 46.75
23 51 28 2 21 m n B 2.36 1.48 2.92 13.6
24 65 31 4 20 m n I B 349 0.83 2.02 41
25 43 30 3 19 p n I B 1.8 1.73 342 10.6
26 65 31 2 18 m n B 3.12 0.98 242 23
27 45 30 0 NA m n B 3.62 0.94 1.34 323
28 56 32 4 18 m n I B 2.18 1.51 3.12 12
29 52 34 0 NA m n A 3.34 0.82 2.32 35.75
30 51 32 3 20 m n B 2.32 15 2.94 16.5
mean | 51.03 30.27 317 1.00 2.05 67.77
SD 9.51 4.03 0.62 0.28 0.73 89.41







TSH CALIBRATION

Concentration of TSH . .

S.No (mIU/L) Optical Density

1 0 0.011

2 0.25 0.031

3 0.75 0.091

4 2 0.262

5 5 0.698

6 15 1.853

CALIBRATION CURVE FOR TSH
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FreeTs CALIBRATION

S .No Concentration of fT4(ng/dL) oD
1 0 2.656
2 0.3 2.298
3 0.95 1.574
4 2.1 0.875
5 3.6 0.6224
6 7 0.2519

OPTICALDENSITY

CALIBRATION CURVE FOR fT4
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FreeT; CALIBRATION

S. No Concentration of fT3(pg/mL) (0))]
1 0 2.457
2 0.4 2.346
3 1.2 2.139
4 4.5 1.491
5 8 1.049
6 18 0.59

OPTICALDENSITY
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Anti-TPO CALIBRATION

S.No Conc of Anti-TPO(AU/mL) | log conc ANTI-TPO oD
1 0 0 0.012
2 5 0.6989 0.123
3 10 1 0.21
4 20 1.301 0.395
5 80 1.903 1.221
6 320 2.505 2474

OPTICALDENSITY

CALIBRATION CURVE FOR ANTI-TPO
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Figure-1. HORMONES INVOLVED IN THE DEVELOPMENT OF BREAST

Courtesy:-Schwartz’s principles of surgery




Figure 2: ESTROGEN AND GROWTH FACTOR PATHWAY IN THE
DEVELOPMENT OF BREAST CANCER
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Figure 3: ANTIPROLIFERATIVE EFFECT OF T3/TR STIMULATED
EXPRESSION OF TGFB IN HEPATOMA CELL LINE.
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Courtesy:-Hot thyroidology.




Figure-4: T3/TR MEDIATED INHIBITION OF RAS-INDUCED
PROLIFERATION IN NEUROBLASTOMA CELL LINE

CYTOPLASM

NUCLEUS

CYCLIN D1 gene

Courtesy:-Hot thyroidology




Figure-5: T3/TR MEDIATED REPRESSION OF PROMETASTATIC GENES
IN BREAST AND HEPATOMA CELL LINES
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FIG:7 : DISTRIBUTION OF TSH VALUES AMONG CASES AND CONTROLS

4.5

3.5

2.5

¢ CONTROL

BENIGN

1.5

A MALIGNANT

0.5

40




FIG:9 : DISTRIBUTION OF FT; VALUES AMONG CASES AND CONTROLS

2.5
g
L L 2
2 19t * o
L\ AR R 2
& A%
. * 2
1.5 + A A Ak
by oo o # CONTROL
. A ¢ BENIGN
n‘m‘ ‘WA A A A MALIGNANT
AA ‘AM
¢
0.5
0 T I I 1




FIG:11 : DISTRIBUTION OF FT; VALUES AMONG CASES AND CONTROLS
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FIG:13 : DISTRIBUTION OF ANTITPO VALUES AMONG CASES AND CONTROLS
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Table-1:  Shows the comparison of age, family h/o breast cancer, nulliparity, first childbirth >30 years and
endogenous exposure to estrogen > 30 years among the controls and cases.
S Family h/o First Endogenous estrogen
No Study group Age in years | Breast Cancer | Nulliparity % Childbirth Exposure > 30 years
% > 30yrs% %
1 Controls (n=30) 48.1+ 9.7 0% 6.7% 3.3% 66.7%
2 Benign (n=28) 48.1+ 7.8 3.6% 7.1% 0% 64.3%
3 Malignant (n=30) 51.03+ 9.5 3.3% 10% 3.3% 66.7%
p-value 0.39 0.59 0.58 0.93 0.90

Level of significance

Not significant

Not significant

Not significant

Not significant

Not significant




Table-1: Shows the comparison of age, family h/o breast cancer, nulliparity, first childbirth >30 years and endogenous

exposure to estrogen > 30 years among the controls and cases.

Age in years Family h/o Nulliparity First Childbirth > 3(| Endogenous estrogen
S Ng Study group
Cancer % % % Exposure > 30 years
%

1 Controls (n=30) | 48.1+ 9.7 0% 6.7% 3.3% 66.7%

2 Benign (n=28) 48.1+ 7.8 3.6% 7.1% 0% 64.3%

3 Malignant (n=30) | 51.03+ 9.5 3.3% 10% 3.3% 66.7%

p-value 0.39 0.59 0.58 0.93 0.90

Level of significance

Not significant

Not significant

Not significant

Not significant

Not significant




Table-2 Shows the comparison of TSH among the controls and cases.

Mean Std. oneway Multiple comparison
N mlIU/L| Deviation | ANOVA using Bonferroni t-test
Control {30  2.59 0.89
. F=4.82
Benign (28 2.76 0.68 Control Vs Cancer
P=0.01
Cancer |30 3.17 0.62

Fig: 6 - Comparison of TSH among the controls and cases.

35

TSH LEVELS

2.5 -

1.5 -

0.5 +

B CONTROL
BENIGN
B MALIGNANT

CONTROL

BENIGN MALIGNANT




Table-3 Shows the comparison of free T4 among the controls and cases.

Multiple
Std. oneway comparison using
N ng/dL. Deviation | ANOVA Bonferroni t-test

Mean

Control |30 161 0.46 Control Vs Benign

F=21.85 Cancer Vs Control,

Benign 58| 143 0.33 .
P=0.00]*** Benign

Cancer |30 1.00 0.28

* P<0.05 significant  **P<0.01 highly significant ***P<0.001 very high significant

Fig: 8:Comparison of free T4 among the controls and cases
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Table-4 shows the comparison of freeT3 among the controls and cases.

Multiple
Std. oneway comparison using
N | pg/mL | Deviation | ANOVA Bonferroni t-test

Mean

Control |30 .89 0.85 Control Vs Benign

F=9.82 Cancer Vs

Benign 128 2.66 0.70 ,
P=0.001***  Control, Benign

Cancer |30 2,05 0.73

* P<0.05 significant **P<0.01 highly significant ***P<0.001 very high significant

Fig:10: shows the comparison of freeT3 among the controls and cases.
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Table-5 shows the comparison of antiTPO among the controls and cases.

Multiple
Std. oneway comparison using
N |AU/mL | Deviation | ANOVA Bonferroni t-test

Mean

Control |30 11.11 10.21 Control Vs
Benign

F=11.07
Cancer Vs

Benign [28 | 12.98 6.84  P=0.001%**

Control, Benign

Cancer |30 67.77 89.41

* P<0.05 significant  **P<0.01 highly significant ***P<0.001 very high significant

Fig: 12: shows the comparison of antiTPO among the controls and cases
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Table 6: Shows frequency of cancer patients by their staging and their

respective anti-TPO values.

Stage of Frequency Anti-TPO antibody level Oneway ANOVA
Breast cancer AU/mL
N =30 Mean SD
II 9 (30%) 3513 16.06 F=5.16
I 20 (66.7%) 70.80 93.37 P=0.001***
v 1 (3.3%) 301.00

* P<0.05 significant

**P<0.01 highly significant ***P<0.001 very high significant




Table 7: Shows the Odds ratio calculation with anti-TPO cut-off value of 20.350AU/mL

Breast cancer | controls total
antiTPO > 20.35AU/mL |23 6 29
antiTPO < 20. 35AU/mL |7 24 31
Total 30 30 60

Odds ratio =13.14

95%confidence interval of 3.8 to 45.0



Figure 14: Receiver operator characteristic curve of anti-TPO values

ROC Curve
1.00
.75
2
2
;‘% .50
.25
0.00 . . .
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1 - Specificity

17.050 .800 241
17.900 .800 224
18.400 .800 .190
19.400 .767 .190
20.350 767 172
20.750 767 .155
21.650 .767 .138
22.250 767 121
22.650 733 121
23.350 .700 121

The test result variable(s): TPO ab has at least one tie between the positive actual state group and the negative
actual state group.

a The smallest cutoff value is the minimum observed test value minus 1, and the largest cutoff value is the maximum
observed test value plus 1. All the other cutoff values are the averages of two consecutive ordered observed test
values.



TNM Stage Groupings

Stage 0 Tis NO MO
Stage | TI(T1 mic) NO MO
Stage 11A TO N1 MO
T1(T1 mic) N1 MO
T2 NO MO
Stage 1B T2 N1 MO
T3 NO MO
Stage I1IA TO N2 MO
T1(T1 mic) N2 MO
T2 N2 MO
T3 N1 MO
T3 N2 MO
Stage I11B T4 NO MO
T4 N1 MO
T4 N2 MO
Stage I1IC Any T N3 MO
Stage IV Any T Any N M1




Relative Risk Estimates for the Gail Model

Variable Relative Risk
Age at menarche (years)
>14 1.00
12-13 1.10
<12 1.21
Number of biopsies/history of benign breast disease, age <50 y
0 1.00
1 1.70
2 2.88
Number of biopsies/history of benign breast disease, age >50 y
0 1.02
1 1.27
2 1.62
Age at first live birth (years)
<20 years
Number of first-degree relatives with history of breast cancer
0 1.00
1 2.61
2 6.80
20-24 years
Number of first-degree relatives with history of breast cancer
0 1.24
1 2.68
2 5.78
25-29 years
Number of first-degree relatives with history of breast cancer
0 1.55
1 2.76
2 491
_>30 years
Number of first-degree relatives with history of breast cancer
0 1.93
1 2.83
2 4.17




