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The study utilizes the yeast two-hybrid system to try and unravel the
molecular link between the G protein-coupled receptors (GPCR) and the receptor
tyrosine kinases (RTK). The fourth melanocortin receptor (MC4R) and the
angiotensin receptor AT1 are both GPCRs while the insulin receptor (IR) and the
epidermal growth factor receptor subtype-2 (ErbB2) belong to the RTK family.
Alteration in the functioning of MC4R receptor can cause obesity.
Development of insulin resistance and diabetes is a risk factor associated with
obesity.
Overexpression of the ErbB2 receptor is seen in a number of breast
cancers. The interaction between the AT1 and ErbB2 receptors were studied
based on previous studies that have shown an interaction between the epidermal
and angiotensin receptors.

Thus, Interactions between the MC4R and the IR, and that between the
AT1 and ErbB2 receptors were studied for their possible roles in metabolic
syndrome and cancer.
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CHAPTER I
INTRODUCTION

1.1

G protein-coupled receptors (GPCRs)
A number of pharmacologically important receptors in the body are seven

transmembrane receptors, G protein-coupled receptors (GPCRs). This family of
receptor proteins responds to both sensory and chemical stimuli like light, flavor,
scent, pheromones, hormones, and neurotransmitters (Ferguson 2001). The
ligands can range from small molecules to large proteins (Siavoush Dastmalchi
2008). The GPCRs thus participate in a number of physiological processes
(Yutong Sun 2007).

N-terminus
Extra cellular loops

Seven
Transmembrane
domain

Intracellular loops

C-terminus

Adapted from Yutong Sun 2007
Figure 1.1

Diagrammatic representation of the structure of a GPCR
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A classical GPCR brings about its effects via heterotrimeric G proteins
(Ferguson 2001; Gurevich VV 2008) Based on the functional similarities of the
Gα subunit, the G protein is classified into different groups: Gi, Gs, Gq and
G12.(Yutong Sun 2007; Yutong Sun 2007). Ligand binding activates the receptor
which then catalyses the conversion of GDP bound state to the GTP bound state
of the Gα subunit of the heterotrimeric G protein. The Gα subunit then dissociates
from the β and γ subunits of the G protein (Ferguson 2001; Yutong Sun 2007;
Gurevich VV 2008). This initiates a cascade of events that culminate in either
positive or negative regulation of enzymes or ion channels (Ferguson 2001).

1.2

Receptor tyrosine kinases (RTKs)
Receptor tyrosine kinases are a group of cell surface receptors that reside

in the plasma membrane (Östman and Böhmer 2001; Amit I 2007; Hubbard and
Miller 2007). The RTKs are activated by growth hormones and other extracellular
ligands (Östman and Böhmer 2001; Amit I 2007; Hubbard and Miller 2007).
Ligand-binding leads to oligomerization/ dimerization of these receptors resulting
in the juxtaposition of the tyrosine kinase domains in the cytoplasmic tail of the
receptor (Östman and Böhmer 2001; Amit I 2007; Hubbard and Miller 2007). The
transfer of phosphates from the phosphate donor (ATP) to the tyrosine residues of
protein substrates is catalyzed by the kinases in the tyrosine kinase domain
(Hubbard and Miller 2007). The human genome contains about 58 known
receptor type and 32 non-receptor type tyrosine kinases (Hubbard and Miller
2007). Some of the receptors that belong to this single-pass Type I family of
2

receptors are the insulin receptor (IR), epidermal growth factor receptors and its
subtypes (EGFR, ErbB2 etc.) and the platelet derived growth factor (PDGF)
(Hubbard and Miller 2007). The RTKs mediate intracellular signaling (Hubbard
and Miller 2007). They also regulate tyrosine phosphorylation thus regulating and
affecting a number of physiological processes like cell proliferation, migration,
differentiation, apoptosis and fertilization (Hubbard and Miller 2007). Thus, as
RTKs serve as growth factor receptors and have roles like cell proliferation and
apoptosis, a change in signaling by these receptors due to over expression or
mutation leads to metabolic disorders (Östman and Böhmer 2001; Hubbard and
Miller 2007). Diabetes, antherosclerosis and cancer are only some of the diseases
caused by faulty RTK signaling (Östman and Böhmer 2001; Hubbard and Miller
2007).
Structurally, a RTK is divided into two; extracellular and intracellular
domain by a single transmembrane domain (Amit I 2007). The intracellular
domain is largely conserved as opposed to the varied extracellular domain (Amit I
2007). The tyrosine kinase domain is situated in the intracellular region (Amit I
2007). Ligand binding brings about a conformational change that mediates
dimerization and activates the kinase domain (Östman and Böhmer 2001; Amit I
2007; Hubbard and Miller 2007). The tyrosine residues get autophosphorylated
and these phosphotyrosine residues and others serve as the recruitment for further
downstream signaling proteins (Hubbard and Miller 2007). The downstream
signaling proteins are the enzymes and proteins that act via phosphotyrosine
binding domains (PTB) or SRC homology-2 (SRC)(Hubbard and Miller 2007).
3

1.3

Signal transduction by GPCRs and RTKs
Research on the signaling of various GPCRs and RTKs has shown that

these two receptor families work together and that specific kinase dependent
cascades mediate their signaling. Signaling cascades resulting in promoting
growth initiated by GPCR ligands also involve activation of RTKs and RTK
associated downstream signaling. Thus these receptors seem to be associated and
a change in signaling in one of them directly affects the other (Delcourt, Bockaert
et al. 2007).

1.4

Study of some GPCRs

1.4.1

Fourth melanocortin receptor
Melanocortin receptors belong to the family of G protein-coupled

receptors. Five Melanocortin receptors have been identified and cloned so far,
MC1R – MC5R. The receptors exhibit 40-60% similarity in their amino acid
sequence (Voisey J. 2003). The Melanocortin receptors show different binding
affinities for the Melanocortin hormones; a small group of protein hormones,
namely α-melanocyte stimulating hormone (α-MSH), β-MSH, γ-MSH and
adrenocorticotrophin hormone (ACTH). These melanocortins are obtained when
the prohormone encoded by the POMC (Proopiomelanocortin) gene in the
hypothalamus of the brain is post-translationally cleaved into seven peptide
hormones. The Melanocortin receptors are expressed in the brain, testes, ovary,
liver, kidney, lymphocytes, macrophages and skin. The receptors seem to play
important roles in pigmentation, sexual function and memory. Signaling by the
4

melanocortins activates adenylate cyclase thereby increasing the intracellular
cyclic adenosine monophosphate (cAMP). The Melanocortin system also acts via
increasing intracellular calcium levels, JAK-STAT or MAP kinase pathways
(Voisey J. 2003).
The MC4R is the fourth member of the Melanocortin receptor family that
was isolated and characterized by Gantz et al. (1993). The intronless MC4R gene
encodes a 333 amino acid long protein and is located on chromosome 18 in
humans. It is a G-protein coupled receptor and shares 58% amino acid identity
with the third Melanocortin receptor (MC3R) (Gantz, Miwa et al. 1993). The
MC4R is located widely in the brain. The MC3R and MC4R are the receptors of
the central Melanocortin system. The MC3R seems to play a role in energy
homeostasis while the MC4R is involved in appetite regulation. Rats exhibiting
diet-induced obesity show decrease in the number of MC4R receptors in the
hypothalamus. The number of MC3R receptors expressed remained unchanged
(Shinyama, Masuzaki et al. 2003).
The adipocyte derived hormone Leptin, is a key metabolite. It functions
via its receptor, a member of the cytokine family of receptors and finds expression
in various regions of the brain, including the arcuate nucleus of the hypothalamus.
The levels of the hormone leptin are said to be directly proportional to the total
adiposity of the body and subcutaneous fat. Leptin is able to signal to the brain to
decrease food intake and /or expend energy. It is also known that defects in leptin
signaling can cause food seeking behavior and obesity. On depletion of fat stores,

5

this hormone is suggested to even turn down reproductive processes (Woods,
Chavez et al. 1996).
In the arcuate nucleus of the hypothalamus, the adipocyte derived
hormone Leptin acts on the POMC and AGRP neurons and increases the
production of α-MSH and decreases AGRP production (Shinyama, Masuzaki et
al. 2003).
The α -MSH is the agonist for MC4R receptor (Shinyama, Masuzaki et al.
2003; Voisey J. 2003). The Studies have shown that mutations in the POMC gene
lead to early onset obesity in humans. The mutations lead to disrupted processing
of (α-MSH) (Krude, Biebermann et al. 1998; Voisey J. 2003). The affected
individuals also exhibit red hair suggesting a disruption of Melanin synthesis via
MC1R signaling (Krude, Biebermann et al. 1998; Voisey J. 2003). In addition to
obesity and red hair phenotype, ACTH deficiency was also observed.(Krude,
Biebermann et al. 1998; Voisey J. 2003) Transgenic POMC knockout mice also
exhibit obese phenotype until administered exogenously by α-MSH. ACTH also
has an inhibitory role in feeding behavior in rats starved for 24 hours (Voisey J.
2003).
Disruption of the MC4R in mice causes obesity-diabetes syndrome. Mice
heterozygous of the null MC4R allele exhibit phenotypic characteristics
intermediate to that of wild type and homozygous mice. Similar trend is seen in
humans with heterozygous loss-of-function mutations of MC4R, that they do not
exhibit severe obesity. Nevertheless, mutations or loss of MC4R are still said to

6

the most common monogenic defect causing obesity in humans (Shinyama,
Masuzaki et al. 2003).
Linkage studies have also shown an association between melanocortins
and feeding behavior/ obesity (Comuzzie and Allison 1998). MC4R receptors
present in the Para ventricular hypothalamus of the mice brain are involved in the
control of food intake (Balthasar 2006). Blockade of MC4R receptor in rats
results in interruption of hypophagia induced by overfeeding (Hagan, Rushing et
al. 1999).
The MC4R is widely expressed in the brain. α-MSH and AGRP have
agonistic and antagonistic effects on MC4R respectively. When α-MSH or a
synthetic agonist activates MC4R, there is a reduction in food intake or an
induction of satiety. The opposite effect if brought about by the binding of AGRP.
MC4R becomes desensitized on binding with α-MSH. On agonist binding,
MC4R associates with protein kinase A (PKA) and the c-terminus tail of MC4R
containing serine/ threonine residues becomes phosphorylated by GRK. β-arrestin
and dynamin then internalize the receptor. AGRP increases the cell surface MC4R
while α-MSH rapidly sequesters the receptor from the cell membrane. When diets
high in fat are repeated fed to mice or diet-induced obese mice, there is a surge in
leptin levels and expression of POMC. This leads to more agonist formation for
MC4R; increasing the signaling by MC4R and resulting in rapid desensitization
and internalization of the receptor (Shinyama, Masuzaki et al. 2003).
Studies show an increase in MC4R signaling in mice that have been fed a
high-fat diet or that are obese due to excessive feeding; possibly due to an
7

increase in leptin further increasing POMC expression. But this increase in
POMC does not stay sustained as there is rapid increase in desensitization and
downregulation of the receptor at the cell surface. The result would be the
lowering in the number of receptors as seen in the hypothalamus of diet-induced
obese rats (Harrold J 1999).
On the other hand, zucker fatty rats with impaired leptin signaling show an
increase in MC4R expression. Since expression of POMC is dependent on leptin,
there could be a decrease in downregulation of the receptors that leads to
increased feeding. Marked reduction in food intake as compared to lean control
mice is observed in zucker fatty rats when the α-MSH analog, MTII is
administered (Harrold J 1999).
Alterations in MC4R signaling and/or mutations in its gene cause the most
widespread form of monogenic obesity. Carriers of the MC4R mutations exhibit
obesity with an increase in lean mass, linear growth and hyperphagia. Severe
hyperinsulinemia that decreased with increasing age of the carriers has also been
reported (Farooqi, Keogh et al. 2003).

1.4.2

Angiotensin and its receptors
The renin-angiotensin system (RAS) is important in a lot of physiological

processes. The main effector molecule of this system is the octapeptide hormone
Angiotensin II (AngII) and it affects the functions of many organs in the body
(Mehta and Griendling 2007). The hormone rennin of the RAS cleaves the
globulin protein angiotensinogen at its N-terminus and forms AngI. Angiotensin8

converting enzyme (ACE) removes the dipeptide at the c-terminus of this
biologically inert decapeptide by hydrolysis to form AngII (Thomas and
Mendelsohn 2003; Atlas 2007).
AngII regulates homeostasis, vasoconstriction, blood pressure and is
involved in the pathogenesis of cardiovascular and renal disorders (Berry 2002;
Mehta and Griendling 2007). AngII can function both as a growth hormone as
well as a cytokine (Berry 2002; Guoyong Yin 2003) It can also stimulate the
production of growth hormones like platelet derived growth factor (PDGF) and is
capable of trans-activating RTKs like epidermal growth factor receptor (EGFR)
and insulin-like growth factor (Guoyong Yin 2003; Sadoshima 2003). Studies
also show its role in trans-inactivation of various RTKs (Nathalie Elbaz 2000;
Nouet, Amzallag et al. 2004). The multifunctional AngII also regulates the
growth, differentiation, proliferation and apoptosis of cells (Nathalie Elbaz 2000;
Berry 2002; Guoyong Yin 2003) ((Thomas and Mendelsohn 2003).

9

Angiotensinogen
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Figure 1.2

Promotes cardiac and vascular cell
growth

Angiotensin II and its receptors AT1 and AT2

AngII mediates its effects by acting as a ligand for its receptors, AT1 and
AT2. The membrane-spanning AT1 and AT2 receptors belong to the superfamily
of GPCRs (Berry 2002; Thomas and Mendelsohn 2003; Gary Robert Smith 2004;
Ruiz-Ortega, Ruperez et al. 2006; Mehta and Griendling 2007). The AT1 and
AT2 receptors are 359 and 363 a.a. long and share 34 % homology in their amino
acids (Thomas and Mendelsohn 2003).
Only one single receptor for AT1 exists in humans (Berry 2002) that maps
as a single copy on chromosome 3 (Thomas and Mendelsohn 2003). In rodents,
the receptor exists as two subtypes; AT1a and AT1b (Berry 2002). AT1
expression is seen in the brain, adrenal cortex, heart and smooth muscle (Berry
2002; Thomas and Mendelsohn 2003). On ligand binding, the AT1 receptor
10

activates G proteins (Berry 2002). The signaling cascade that is activated depends
on the subform of the Gα subunit (Gq/ Gi/ Gα12/ Gα13) that is activated (Berry
2002).
On stimulation by AngII, the cytoplasmic C-terminus of the AT1 receptor
gets phosphorylated at specific serine (Thomas and Mendelsohn 2003) and
threonine residues (Berry 2002) by G protein- coupled receptor kinases (GRKs)
(Yutong Sun 2007) . The c-terminus (Yutong Sun 2007)is involved in signaling
(Thomas and Mendelsohn 2003). AngII binding and phosphorylation of the
residues attracts the scaffold protein β-arrestin to the receptor (Thomas and
Mendelsohn 2003; Yutong Sun 2007). It has been suggested that the this GRK
phosphorylation of GPCR occurs by constitutively expressed GRKs and is
independent of G protein (Yutong Sun 2007). This is followed by rapid
desensitization and (Thomas and Mendelsohn 2003) downregulation of the
receptor (Thomas and Mendelsohn 2003). The downregulation is mediated by
dynamin associated clathrin-coated pits. The pits invaginate to form vesicles, and
the receptor is either dephosphorylated and recycled to the surface or broken
down by lysozymes (Thomas and Mendelsohn 2003; Yutong Sun 2007).
β-arrestin, on associating with the c-terminus of GPCR is believed to
employ non-receptor tyrosine kinase Src and c-Raf-1. Src is involved in
endocytosis of the receptor. Also, Src and c-Raf-1 can activate the extracellular
signal regulated kinase and mitogen activated protein kinase cascade
(ERK/MAPK). Studies with mutated and c-terminus truncated AT1R have shown
that coupling to G protein is not necessary for the activation of the Src and ERk
11

pathway, but the c-terminus is important. Thus the AT1R can signal
independently of G protein and activate Src/ ERK/ MAPK. Kinetic studies also
reveal that β-arrestin-mediated ERK activation signal is more lingering than the G
protein mediated ERK activation signal. This difference in signaling could have
pharmacological significance.(Yutong Sun 2007)
The AT1R also seems to be capable of activation of the janus protein
kinases/ signal transducers and activators of transcription (JAK/ STAT) pathway.
The JAK/ STAT pathway is regulated by cytokine receptors. Ligand binding leads
to dimerization of the receptors, initiating a cascade of phosphorylation events.
JAK is activated and in turn phosphorylates and dissociates STAT from the
cytokine receptor leading to activation of transcription by translocation of STAT
to the nucleus (Yutong Sun 2007).
The AT2R maps to chromosome X in humans (Thomas and Mendelsohn
2003). High-level expression of AT2R is observed in fetal mesenchyme tissues,
the medulla of adrenal glands, parts of female reproductive system like the
ovarian follicles and uterus, and brain; suggesting its role in development (Berry
2002; Thomas and Mendelsohn 2003). Cardiac injury, renal obstruction and
wound healing trigger expression of AT2R in adult tissues (Berry 2002; Thomas
and Mendelsohn 2003). Although not fully elucidated, the AT2R seems to
function in an antagonistic fashion and counterbalances the effects of AT1R
(Berry 2002). The rapid internalization and desensitization on stimulation by
AngII seen in AT1R is not seen in AT2 (Thomas and Mendelsohn 2003). The
residues at the c-terminus of AT2R are also not phosphorylated as well as AT1R.
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The signaling actions of AT2R could be mediated by coupling with G proteins,
modulating ion channels and by action of phosphatases (Thomas and Mendelsohn
2003).
AT2R signals the inhibition of ERK1/2 in neuroblastoma cell line that has
been induced by EGF. A similar inhibitory crosstalk also exists between the
AT2R and the insulin receptor. These negative signals lead to attenuation of
proliferation in the CHO cell line. Studies indicate that this inhibition is occurring
at the level of phosphorylation of the tyrosine kinase receptors of insulin and
EGF, specifically the autophosphorylation of the tyrosine kinase domains.
Moreover, this effect of AT2 on these RTKs is by tyrosine-phosphataseindependent mechanisms and does not induce characteristic conformational
changes of the IR. This inactivation of the β-subunit of the IR at its tyrosine
kinase domain, lowers further signaling events mediated by phosphorylating
insulin receptor substrate (IRS-1). This further reduces the downstream cascade of
IRS-1 activating phosphatases leading to activation of ERK pathway and cell
proliferation. It is also suggested that the IR-β inactivation by AT2R lowers the
phosphorylation of another IR substrate, namely signal regulatory protein
(SIRPά1/ SHPS-1) which on activation would form a complex with SHP-2 and
activates ERK. Hence these emerging data suggest that AT2R can regulate the
growth hormone effects of insulin by this negative regulation of its activity
(Nathalie Elbaz 2000).
The AT2R seems to stop proliferation by activation of specific tyrosine
phosphatases and tyrosine kinase inhibition. Recent studies also suggest a role of
13

AngII AT2 receptor-interacting protein (AT1P1) inhibits cascade events initiated
by insulin and EGF. This association of AT1P1 with the c-terminus of AT2R
inhibits the activation of ERK2 and thereby inhibits cellular proliferation (Nouet,
Amzallag et al. 2004).
This may have implications in diseases characterized by abnormalities of
insulin or its signaling or in the case of unrestrained proliferation of cells. The
AT2R thus attenuates the same cascade of activated AT1R, thus functioning
antagonistically to each other (Nathalie Elbaz 2000).

1.5

Study of some RTKs

1.5.1

Insulin receptor

The insulin receptor (IR) belongs to the family of RTKs.

It is a tetramer

composed of two-α and two-β subunits. It is expressed on the cell surface as an
integral membrane protein. The α-subunit binds to its ligand, the growth hormone
insulin. The β-subunit has the tyrosine kinase domain. The α subunit is bound to
the β subunit by disulfide bridges (Gammeltoft S 1986 ).
Insulin is secreted by the pancreas (Wei Fan 2000). The major function of the
hormone insulin is to regulate glucose levels in the body (Woods, Chavez et al.
1996). It is thus responsible for maintenance of glucose homeostasis (Wei Fan
2000). The secretion of insulin in the blood depends on metabolic changes like
food intake, exercise and stress. Its secretion is directly proportional to the white
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adipose tissue content in visceral tissues, contributing to visceral adiposity
(Woods, Chavez et al. 1996).
In the brain, the IR is present in various locations including the arcuate
nucleus of the hypothalamus. Introduction of insulin directly into the arcuate
nucleus of the hypothalamus causes anorexia and decrease in weight. Mice, with
targeted disruption of the insulin receptors in the brain exhibit hyperphagia and
obesity when kept on a high-fat diet. Such studies indicate the importance of
signaling in the brain via IR. It is also seen that dogs in which insulin is not
properly targeted to the brain are more susceptible to diet-induced obesity. These
data suggest that this growth hormone is very important in development of obesity
(Woods, Chavez et al. 1996).

Ligand binding region
Alpha subunits

Cell Membrane

Transmembrane domain

Beta subunits

Adapted from Gammeltoft S. et. al 1986
Figure 1.3

Diagrammatic representation of the structure of the IR
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1.5.2

Epidermal growth factor receptor subtype-2
The epidermal growth factor (EGF) receptor (EGFR) family is expressed

in a variety of tissues and is extremely important in organ system development.
To date there are four receptors that have been identified: ErbB1/ EGFR/ HER1,
ErbB2/HER2/Neu, ErbB3/ HER3 and ErbB4/ HER4 (Antony W Burgess 2003).
The Erb receptor family is vital in determination of cell lineage in tissues
like nervous and bone; and organs like heart, skin, intestine, liver and other
epithelial organs (Ami Citri 2003; Stern 2003).
The receptors are expressed in various parts of the breast also and are
involved in morphogenesis of the mammary gland. Expression studies in mice
suggest the role of ErbB1 and ErbB2 in latter part of pregnancy, when puberty
hits, and during lactation (Ami Citri 2003; Stern 2003). The other two receptors
seem to be highly expressed in pregnant and lactating mice. The ErbB2 gene is
seems to regulate milk production by the mammaries and formation of the
lobuloalveoli organ in mice (Ami Citri 2003).
The ErbB2 and ErbB3 are also involved in cardiac development as is seen
in the null ErbB2 mice that die before gestation is complete due to heart defects.
Studies also exhibit the importance of the ErbB2 in functioning of the grown-up
heart (Ami Citri 2003).
The Erb receptors are also involved in neuron and glial cell development,
acting via neuregulins. Mutation in these Erb receptor genes have been linked to
absence of neural crest, development of schwann cells and oligodendrocyte, and
the death of neurons (Ami Citri 2003).
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The Epidermal growth factor receptor family, like other RTKs, responds
to ligand stimulation. The receptors get phosphorylated at specific tyrosine
residues at their tyrosine kinase domains on dimerization. This dimer formation
can be a homo or heterodimer, usually heterodimerization is preferred. The ErbB2
is an orphan receptor as it has no known ligand that binds to it. The ErbB3
receptor, on the other hand lacks intrinsic tyrosine kinase activity. Hence, both
ErbB2 and ErbB3 receptors form heterodimers with each other and with other
members of the family. The association between the ErbB2 and ErbB3 has been
linked to cancer: as the signal that is transduced downstream is capable of
inducing proliferation and also because the receptor once activated stays activated
for quite some time. ErbB2 is also known to form heterodimers with EGFR and
ErbB4. In cases where overexpression of the ErbB2 receptors takes place,
spontaneous homodimerization is possible (Antony W Burgess 2003).
The Erb family of receptors (except ErbB2) can be activated by a number
of ligands. Epidermal growth factor (EGF), Transforming growth factor-α (TGFα), Heparin-binding EGF like growth factor (HB-EGF), amphiregulin (AR),
betacellulin (BTC), epiregulin (EPR), and epigen (Raymond C. Harris 2003; Stern
2003). The ErbB2 does not have a ligand (Stern 2003). The neuregulins NRG-1,
NRG-2, NRG-3 and NRG-4 are able to bind to both ErbB3 and ErbB4 receptors
(Raymond C. Harris 2003; Stern 2003). In addition to neuregulins, the ErbB4 can
bind to BTC, EPR and HB-EGF (Raymond C. Harris 2003).
Structure wise, the extracellular domain of Erbs has four sub-domains (IIV) of which I and III are unique while II and IV are cys-rich. The trans
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membrane domain is followed by a short juxtamembrane domain. The
intracellular domain had a tyrosine kinase domain and a carboxyl terminal
involved in regulation containing tyrosine residues (Antony W Burgess 2003;
Stern 2003).
The kinase domain of the EGFR family of receptors seems to be highly
conserved

(Hubbard

and

Miller

2007).

The

receptors

homodimerize/

heterodimerize in such a way that the C-lobe in the kinase domain of one contacts
the N-lobe of the other (Hubbard and Miller 2007). This is probably how the
kinase deficient ErbB3 is able to signal (Hubbard and Miller 2007).

Extracellular

Juxtamembrane

Tyrosine kinase

Transmembrane

Regulatory region

F
i
Adapted from Antony W. Burgess et. al. 2003
Figure 1.4

The different domains of ErbB2 receptor

The Epidermal family receptors are involved in a number of human
cancers. Specific point mutations and deletions in the EGFR gene is associated
with non-small-cell lung cancer (NSCLC). Monoclonal antibodies that target the
extracellular domains or small-molecule inhibitors that target the kinase domains
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of these receptors seem to be in focus. In the case of NSCLC, gefitinib (iressa)
and erlotinib (tarceva), are being used. The former is a competitive inhibitor of
ATP while the latter targets the kinase domains. It is already known that HER2 is
overexpressed in a number of cancers including breast cancer. Reports indicate
that HER2 is over expressed in 20-30% of breast cancers with poor prognosis.
Increased tyrosine phosphorylation of the receptor was seen (Hubbard and Miller
2007).
Studies conducted using immobilized SH2, PTB domains and microarray
data shows that there are levels of selectivity for autophosphorylation sites
depending

on

the

affinity

Binding

strengths

for

peptides

containing

autophosphorylation sites on the four epidermal receptors revealed the degree of
selectivity. Lowering the affinity threshold makes EGFR and ErbB2 profligate.
This could trigger alternate pathways when the receptors are overexpressed
(Hubbard and Miller 2007).

1.6

Statement of the problem\

1.6.1

Metabolic syndrome

Metabolic syndrome is the metabolic disorder where obesity, glucose intolerance,
insulin resistance, hypertension, dyslipidemia and cardiovascular problems occur
at the same time. Obesity, unless due to genetic or other hormonal abnormalities;
is due to overfeeding or lethargic lifestyle. Visceral obesity seen as one of the
main pathophysiological conditions in metabolic syndrome is the causative factor
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of the other symptoms associated with the disorder. The other main feature of this
condition is insulin resistance which occurs when there is too much production of
insulin and the insulin receptor does not respond to insulin. It appears that adipose
tissue secretes various adipocytokines like the hormone Leptin and tumor necrosis
factor α (TNF-α), the secretion of which gets altered in obesity. Unrestrained
energy intake is also associated with the upregulation of AngII. The combined
effect of all this could lead to the hypertension, glucose intolerance, heart
problems and dyslipidemia seen in people suffering from metabolic syndrome
(HidekatsuYanai 2008).

1.6.2

Breast cancer
According to the 2008 survey presentation by the American Cancer

Society, there will be an estimated 692,000 women and 745,180 men in the
United States who would be diagnosed with some for of cancer by 2008. Twenty
six percent of the category of female sufferers has breast cancer. 294,120 men and
271,530 women are estimated to die of cancer- related deaths of which 15% of
women have breast cancer. In 2005, 22.8% of all deaths were caused by some
form of cancer and in 2004; breast cancer was ranked second as the cause of
cancer related deaths in women in the US (Society 2008).
The above statistics warrant more research on this deadly disease.
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1.7

Objective of the study

1.7.1 MC4R and IR in metabolic syndrome
Insulin secretion is directly proportional to the white adipose tissue
content in visceral tissues, contributing to visceral adiposity (Woods, Chavez et
al. 1996).Visceral obesity seen as one of the main pathophysiological conditions
in metabolic syndrome is the causative factor of the other symptoms associated
with the disorder. The other main feature of this condition is insulin resistance
which occurs when there is too much production of insulin and the insulin
receptor does not respond to insulin (HidekatsuYanai 2008).
Alterations in MC4R signaling and/or mutations in its gene cause the
most widespread form of monogenic obesity (Farooqi, Keogh et al. 2003).
Linkage studies have also shown an association between melanocortins and
feeding behavior/ obesity (Comuzzie and Allison 1998). MC4R receptors present
in the para ventricular hypothalamus of the mice brain are involved in the control
of food intake (Balthasar 2006). Blockade of MC4R receptor in rats results in
interruption of hypophagia induced by overfeeding (Hagan, Rushing et al. 1999).
Carriers of the MC4R mutations exhibit obesity with an increase in lean mass,
linear growth and hyperphagia. Severe hyperinsulinemia that decreased with
increasing age of the carriers has also been reported (Farooqi, Keogh et al. 2003).
In the brain, IR is resent in various locations including the arcuate nucleus
of the hypothalamus containing the POMC and the neuropeptide Y (NPY)
neurons. The tubby mouse, with loss-of-function mutation is defective in insulin
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signaling. It is hyperphagic and obese and the defect is due to the mutation in the
tub gene. The tub gene is expressed in the arcuate nucleus and shows reduced
POMC mRNA and increased NPY mRNA. Thus, Insulin and leptin are both
capable of stimulating the POMC neurons, which have effects on the MC4R
(Woods, Chavez et al. 1996). Data also indicates that defect in melanocortin
signaling , as seen in the MC4R KO mice, leads to hyperinsulinemia (Wei Fan
2000). The present study was undertaken to see if the IR and the MC4R interact
directly or act together to create the conditions seen in metabolic syndrome.

1.7.2

ErbB2 and AT1 receptors in breast cancer
Inflammation and neoplastic transformation have been linked for quite

some time now. It has been suggested that the inflammation like environment is
advantageous to the formation and progression of cancers. The RAS acting via
AngII has been implicated in inflammation through the AT1 receptor. Studies
indicate that AngII can induce the expression of cytokines like transforming
growth factor-β (TGF- β), tumor necrosis factor-α (TNF- α) and interleukin-1β
(IL-1β) that can suppress the immune system along with cell adhesion molecules
and extracellular matrix producers. Angiogenesis mediated by vascular
endothelial growth factor (VEGF) is also mediated by AngII via AT1R. Thus
AngII, via AT1R, utilizes all its functions of growth, migration and matrix
production for progression of solid tumors by forming a wound-like scenario and
increasing the expression of pro-inflammatory responses and adhesion molecules
(Gary Robert Smith 2004).
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The Erb receptors have been implicated in a number of human cancers
(Thomas Holboro 2003). The HER2 receptor is overexpressed or its gene is
amplified in nearly 30% of human cancers of the breast and about a fifth of
cancers of the ovary (Juliana J. Oh 1999). Overexpression of the AT1 receptor is
also seen in some cases of breast and prostrate cancer (Gary Robert Smith 2004).
Human breast adenocarcinoma cell line T47D shows high level expression of
AT1 receptor(Boel De Paepe 2002). Studies also indicate that AngII via AT1
receptor is able to trans-activate the EGFR receptor, and that the tyrosine 319 of
the AT1 receptor is important for this trans-activation (Sadoshima 2003).
Studies also show that inhibitions of the ACE are probably more effective
in lowering the risk of cancer in people with hypertension. AT1R blockade is also
associated with reduction in the size of some solid tumors. The blockade of
angiogenic AT1R by Lorsartan seems to have a beneficial effect in curbing the
invasion by some malignant cells and act growth inhibitory. AT1R receptor
blockade in prostrate cancer cells that express receptors for EGF is able to stop
phosphorylation of MAPK or STAT3. vascular endothelial growth factor
mediated angiogenesis in tumors is also suppressed by the ACE inhibitor,
Pedinopril (Gary Robert Smith 2004).
All these reasons above prompted this study on the epidermal growth
factor family receptor ErbB2 and AngII AT1 receptor interaction with the help of
yeast two-hybrid system.
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1.8

Hypothesis of the study

The hypothesis for the study was as follows:
1. MC4R is directly involved in IR signaling and that signaling via the
Insulin Receptor is altered in some way by the MC4R during the
Metabolic Syndrome.
2. Cross-talk exists between the mitogenic AT1 receptor and ErbB2
receptor and that this can be demonstrated with the help of the GAL4
based yeast two- hybrid system.
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CHAPTER II
METHODOLOGY

2.1

Molecular biology tools
Primer sequences corresponding to full length and truncated fragments of

the gene of interest were designed and ordered from IDT technologies. The gene
clean kit and mini prep kit were procured from Qiagen. pCR 2.1 TOPO cloning
kit and one Kb DNA ladder for agarose gels were ordered from Invitrogen
Technologies. Enzymes and buffers used for PCR, restriction digestion and
ligation were purchased from Promega.
The full length human MC4R and rat ErbB2 gene were procured from Open
Biosystems. The yeast two hybrid vectors, PGAD424 and pGBKT7 used in this
study were from Clontech. Sequencing of the clones was done at the DNA
sequencing facility of cancer research center in University of Chicago.

2.2

Media preparation
The media used for this study was prepared according to the yeast-two

hybrid was prepared according toClontech Matchmaker GAL4 two-hybrid system
3 and Libraries user manual PT3247-1.
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Table 2.1
Bacterial/ yeast strains, vectors, and clones used in this study

Strain/ clone/ vector

Details

plasmid # (if
applicable)/
catalog or manual
information

E.coli Top10

Invitrogen , E.coli strain part of TOPO TA cloning kit
with pCR 2.1 vector used for transforming and
amplifying the PCR amplified fragment in TOPO
vector

Invitrogen cat #
K4500-40

pCR 2.1 TOPO cloning
vector

Linearized and topoisomerase I-activated pCR 2.1TOPO vector Ampr

Invitrogen cat #
K4500-40

pcDNA 3.1

Expression vector used to clone fragments of interest
and transfect in mammalian cell lines Ampr, Neor

Invitrogen cat #
V790-20

E.coli Hb101

E.coli strain used for transforming and maintaining
yeast two-hybrid plasmids

Y190

Yeast strain from Clontech used for co-transforming the
plasmids and expressing the fusion proteins. Leaky
HIS3
GAL4 2H-2 Human Lamin C (66-230) in pAS2-1
TRP1, ampr
Used as one of the two negative control plasmid in Y2H. Does not interact with SV40 large T- antigen.
GAL4 2H-2 SV40 large T-antigen (84-708) in pACT2,
LEU2, ampr. One ingredient of both positive and
negative control plasmid in Y2-H
GAL4 2H-2 murine p53 (72-390)in pAS2-1 TRP1,
ampr
Used as one of the two positive control plasmid. Very
strong interaction with SV40 large T-antigen

pLAM5-1

pTD1-1
pVA3-1

pGAD424

(Clontech 2001)
(Clontech 2001)

(Clontech 2001)
(Clontech 2001)

(Clontech 2001)

*IRβ in pGAD424/
pGBKT7

Target plasmid in Y2-H system GAL4 2H GAL4 (768881) AD, LEU2, ampr, size 6.6 Kb
Bait plasmid in Y2-H system GAL4 (1-147) DNA-BD,
TRP1, kanr, c-myc epitope tag, size 7.3 Kb
Human IRβ full length (a.a. 1-620) cloned in yeast twohybrid vectors pGAD424/ pGBKT7

*IRβ-cytoplasmic in
pGAD424

Human IRβ cytoplasmic fragment (a.a. 252-620) cloned
in yeast two-hybrid vectors pGAD424

pMSU5503

*IRα fragment 1 in
pGAD424/pGBKT7

Human IRα fragment 1 (a.a. 295-400) cloned in yeast
two-hybrid vectors pGAD424/ pGBKT7

pMSU5504/
pMSU5505

*IRα fragment 2 in
pGAD424/pGBKT7

Human IRα fragment 2 (a.a. 350-735) cloned in yeast
two-hybrid vectors pGAD424/ pGBKT7

pMSU5506/
pMSU5507

AT1b in pGBKT7

Full length rat AngII AT1b receptor cloned in pGBKT7

Cloned by previous
lab members

pGBKT7

(Clontech 2001)
pMSU5501/
pMSU5502

* indicates that the construct was cloned by Ms. Maya Ramdas
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2.3

Molecular biology techniques

2.3.1

PCR amplification

The gene procured from Open Biosystems was obtained cloned in a vector,
transformed in E.coli. The E.coli carrying the gene of interest was amplified
according to manufacturers instructions and the plasmid was isolated by mini prep
according to protocol. Table 2.2 below lists the primer sequences that were used
in the cloning work. Primer sequences corresponding to the full length and
truncated MC4R fragments were designed with EcoRI and BamHI sites. Primers
for His-tagged MC4R to be cloned into the mammalian expression vector pcDNA
were designed with EcoRV and HindIII. Primer sequences corresponding to the
ErbB2 fragments were designed with EcoRI and SalI sites Full length and
truncated fragments were PCR amplified with the appropriate primer sequences.
PCR was performed as follows. In a tube, 74 μL d/w was taken and 10 μL of
buffer was added to it. One μL each of the forward and reverse primers were then
added along with 2 μL of the DNA template. The mixture was then heated at 98oC
for 5 minutes and immediately stuck in ice for 5 minutes. After this step 10 μL
MgCl2, 1 μL of Taq polymerase and 2 μL of dNTP were added. The PCR was set
up for 1min at 94oC (denaturation), 2 min at 55oC (annealing) and 3 minutes at
72oC (synthesis). After 25 cycles, the PCR product was run on gel to confirm the
products obtained.
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Table 2.2
The forward and reverse primers used for cloning the full length and fragments of
MC4R and ErbB2 genes
Gene

Forward Primer Sequence

Reverse Primer Sequence

MC4R full length (MC4R)
amino acids 1 to 333

5’- GGA TTC GTG AAC
TCC ACC CAC CGT -3’

5’- GGA TCC GAT GAC
AGC ACT ACT ATC -3’

MC4R fragment 1 (F1)
amino acids 1 to 198

5’- GGA TTC GTG AAC
TCC ACC CAC CGT -3’

5’- GGA TCC TTA ATA
TCT GCT AGA CAA -3’

MC4R fragment 2 (F2)
amino acids 185 to 333

5’ GAA TTC GGC ATT TTG
TTC ATC ATT -3’

5’- GGA TCC GAT GAC
AGC ACT ACT ATC -3’

MC4R full length with His tag

5’- ACC ATG CAT CAC
CAT CAC CAT CAC GTG
AAC TCC ACC CAC CGT
GGG ATG CAC ACT TCT
CTG
5’ - GAA TTC ACC CAA
GTG TGT ACC GGC ACA
GAC ATG AAG -3’

5’- GGA TCC GAT GAC
AGC ACT ACT ATC -3’

ErbB2 amino acids 640-718
Transmembrane/ TM

5’ - GAA TTC GAT CTG
GAT GAA CGA GGC TGC
CCA GCA GAG

5’ - GTC GAC GAT CCG
CAT CTG AGC CTG GTT
GGG CAT TGC

ErbB2 amino acids 708-990
Tyrosine kinase/ TK

5’ - GAA TTC GGA GCA
ATG CCC AAC CAG GCT
CAG ATG CGG

5’ - GTC GAC AAA ACG
CTG GGG GTC CCT CGC
CAT ACG TGA

ErbB2 amino acids 708- 1259
Regulatory region/ RR

5’ - GAA TTC GGA GCA
ATG CCC AAC CAG GCT
CAG ATG CGG

5’ - GTC GAC TAC AGG
TAC ATC CAG GCC TAG
GTA CTC AGG

ErbB2 amino acids 26- 643
Extracellular/ EC
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5’ - GTC GAC TTC ATC
CAG ATC CAC ACA GGA
GTG GGT GCA

2.3.2

Purification of DNA

Purification of the PCR amplified DNA and whenever else purification of DNA
was needed, was obtained by gene clean. The protocol given in the kit was
followed. The purified sample was run on 0.8 % agarose gel to confirm the gene
clean product.

2.3.3

Cloning of PCR amplified product in pCR 2.1 TOPO vector

The PCR amplified and purified DNA was cloned in pCR 2.1 TOPO cloning
vector and transformed in E.coli TOP10 cells according to the manual. The
transformed cells were selected and grown in appropriate selection media and the
plasmid DNA was extracted using QIAprep spin miniprep kit according to the
manual.

2.3.4

Restriction digestion

The plasmid DNA was then digested with the appropriate restriction enzymes. For
a large scale digestion, 70 μL D/w, 10 μL buffer and 20 μL of DNA was taken in
a tube and 5 μL of each restriction enzyme was added to it. When the DNA to be
digested was the vector DNA, then 10 μL DNA was used and the volume adjusted
with D/w. The mixture was incubated in a water bath at 37oC. At the end of this,
10 μL of the digested mixture was loaded on a 0.8% agarose gel to confirm the
digestion. On confirmation, the remaining 90 μL was run on 0.8 % agarose gel
and the fragment of interest is excised under UV illumination. The DNA was then
extracted and purified using the purification method explained above.
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2.3.5

Ligation protocol

A mixture of purified DNA (7 μL), vector DNA (1 μL) and ligation buffer (1 μL)
was spun and ligase (1 μL) added to it. This mixture was incubated overnight in a
water bath at 16C. 5 μL of this ligation mixture was then used for transformation.

2.3.6

Cloning in yeast two- hybrid vectors

This DNA was then cloned in the yeast two hybrid vectors pGBKT7 and
pGAG424. The vector DNA was obtained from Clontech. The DNA was obtained
by miniprep and digested with the same restriction enzymes (procedure given
above). The linear vector was cut and purified as per mentioned protocol. The
vector and the DNA were ligated by the protocol given above. The ligated
mixture was then transformed in E.coli strain Hb101. Calcium chloride
transformation procedure was used. The cells were spread on 2YT ampicillin
plates when pGAD424 was used and in 2YT kanamycin plates for pGBKT7. The
plates were incubated at 37oC and the colonies were picked up and inoculated in
liquid media with appropriate antibiotics. Cloned DNA was obtained by miniprep.
The DNA was run on 0.8% agarose gel after restriction digestion to confirm the
presence of clones.
Thus, yeast two-hybrid vectors pGBKT7 (bait) and pGAD424 (prey), were used
to generate fusion proteins carrying either full length or truncated DNA
fragments of interest with Gal4 DNA-binding domain (GAL4BD) and Gal4
activation domain (GAL4AD).
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Construction of clones in Y2H vectors
Procure gene of interest and design primer sequences
PCR amplification of DNA fragments

Cloning in pCR 2.1 topo vector
Screening and verification of pCR 2.1 vector clones
Restriction digestion to obtain the fragment of interest
Ligation of the fragment in Y2H vectors
Transformation in E.coli strain Hb101
Miniprep and digestion of the plasmid to verify the clone

Figure 2.1 Step-wise representation of cloning in yeast two hybrid vectors

2.3.7

Co-transformations of cloned vectors in yeast strain Y190

MC4R full length and truncated fragments cloned in pGAD424 and pGBKT7
were co-transformed with IR subunits cloned in pGAD424 and pGBKT7
constructs according to the yeast protocols handbook from Clontech. Yeast strain
Y190 also procured from Clontech was used for the transformations. The amino
acid selection plates were made according to Clontech Yeast Protocols Handbook
and were used for selecting the co-transformants. Colony-lift filter assay and
liquid β-galactosidase assays were performed to assess the ability of these fused
proteins to interact and reconstitute the yeast GAL4 transcriptional activator.
pGBKT7-53 and pGADT7-T were used as positive control. They encode fusion
between the GAL4 DNA-BD and AD and murine p53 and SV40 large T-antigen,
respectively. pGBKT7-Lam and pGADT7-T used as negative control.
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GAL4 DNA-BD

TRP1

pGBKT7
7.3 Kb

GAL4 DNA-AD

MCS
LEU2

pGAD424
6.6 Kb

MCS

Kan r
Amp r

Co-express in reporter strain
Bait

Target

AD
BD
GAL UAS

Minimal Promoter Reporter Gene

Adapted from Clontech Matchmaker GAL4 two-hybrid system 3 and Libraries
user manual PT3247-1(Clontech 1999)
Figure 2.2

2.3.8

Diagrammatic representation of the yeast two-hybrid system

Colony-lift filter assay

Colony-lift filter assay was performed to assess the ability if the fused proteins to
interact and reconstitute the GAL4 transcriptional activator. The co-transformed
cells grown on tryptophan negative and leucine negative (Trp- Leu- ) selection
plates were lifted with sterile whatman filer paper and placed overnight (colony
side up) on YPD plates. (Plates made accordant to Clontech manual). The plates
were incubated overnight at 30oC. The filters with the colonies were immersed in
liquid nitrogen and thawed at room temperature to lyse the cells. This freeze thaw
cycle was repeated for a total of six times. The filter was then placed colony side
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up on a filter paper presoaked with X-gal solution. (The solutions were made
according to the Clontech manual). The plates were incubated at 30oC and
observed for the appearance of blue color indicating Beta-galactosidase activity,
thus confirming the presence of an interaction between the two proteins. Colonies
co-transformed with pGBKT7-53 and pGADT7-T were used as positive controls
and pGBKT7-Lam and pGADT7-T were used as negative controls.

Plate on amino acid
selection plate

PCR amplify fragments
And
Clone in bait and
target vectors

Co-transform in
Yeast strain Y190
Streak colonies with
positive and negative
controls on
selection plates

Colonies that turn blue
Indicate presence
of interactions

Colony-Lift Filter assay

Incubate at
30C
Lift colonies
Using sterile
whatman
filterpaper

Place filter-lift
On filter presoaked
In Z-buffer BME
X-gal solution
Lyse cells in

Incubate filter-

Liq-N2

Lift colonies on
YPD overnight

Assay adapted from: Clontech yeast protocols handbook, PT3024-1, March 2001
(Clontech 2001)
Figure 2.3

Diagrammatic representation of the steps involved in colony-lift
filter assay
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2.3.9

Liquid beta-galactosidase assay

Y190 yeast colonies co-transformed with the cloned pGAD424 and pGBKT7
vectors were grown in five mL liquid Trp- Leu- selection media at 30oC shaker.
Two mL of this overnight culture was re-inoculated in 8 mL of YPD liquid media
and incubated in 30oC shaker for 5 hours till the optical density at λ600 nm had
reached 0.4 to 0.6. The absorbance at λ 600 nm was then recorded and 5 mL of
the sample was spun down and washed twice with Z-buffer (Z-buffer prepared
according to Clontech manual). The cells were then resuspended in 300 µL Zbuffer and aliquoted equally to 3 tubes. The tubes with the cells were then
immersed in liquid nitrogen for 30 seconds and thawed in a water bath at 37oC.
The freeze thaw process was then repeated for a total of 6 times to lyse the cells
and release the enzyme β-galactosidase. 700 µL of Z buffer and 160 µL ONPG
solutions (prepared according to the yeast protocols handbook) was then added to
the tubes. The tubes were incubated at 30oC and observed for the appearance of
yellow color. The enzyme converts the substrate O-nitrophenyl galactopyranoside
to o- nitro phenyl, thus giving the yellow color. The amount of color produced is
directly proportional to the amount of enzyme and can be quantified
spectrophotometrically. On appearance of color, the time was recorded in minutes
and 1M sodium carbonate was added to stop the reaction. The sample was spun
down and the supernatant read at λ420 nm. The calculation given in the Yeast
protocols handbook was used to calculate the beta-galactosidase activity in Miller
Units.
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Dilute in YPD
Incubate Overnight
30C shaker

Record absorbanc e at 600 nm
Incubate f or 4 hrs
30C shaker

Spin, wash and resus pend
in Z-buffer

Co-transfor mant
In sel ecti ve media

Liquid Beta-galactosidase Assay
Lys e in Liquid N2

Change of c olor
from colorless to yellow
indicates pres enc e
of interacti on

Add ONPG and Z-buffer
Inc ubate at 30C

Assay adapted from: Clontech yeast protocols handbook, PT3024-1, March 2001
(Clontech 2001)
Figure 2.4

Diagrammatic representation of the steps involved in liquid betagalactosidase assay
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CHAPTER III
RESULTS

3.1

PCR amplification of full length and fragments of human MC4R and
fragments of rat ErbB2 gene

3.1.1

MC4R full length and fragments

Figures 3.1 and 3.2 below are the gel pictures of the products obtained after PCR
amplification and DNA purification. The full length MC4R is ~1 Kb in length.
The F1 fragment of MC4R (a.a. 1-198), is ~ 600 bp long while the F2 fragment
(a.a. 185 – 333) is ~ 450 bp long.
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1

M

1kb
MC4R

Lane 1: PCR amplified and purified full length MC4R. Lane M: DNA marker
Figure 3.1

Gel picture showing PCR amplified and purified full length MC4R

1

2

M

F1 600 bp
F2 450 bp

Lane 1 and lane 2 - F1 and F2 fragments of MC4R respectively, Lane M – DNA
Marker
Figure 3.2

Gel picture showing PCR amplified and purified F1 and F2
fragments of MC4R
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1kb
MC4R

Lane 1KB- DNA marker, lane MC4R- PCR amplified full length MC4R
Figure 3.3

3.1.2

Gel picture showing PCR amplified full length MC4R with His-tag

ErbB2 fragments

Figures 3.4 and 3.5 below are the gel picture of the ErbB2 products obtained after
PCR amplification and purification. The ErbB2 fragment spanning a.a. 26-643
was termed as EC/ extracellular region and is ~1.85 kb in length while the
fragment spanning a.a. 640-718 termed as TM/ transmembrane domain is ~ 240
bases long. The other ErbB2 fragments spanning a.a. 708-990 were termed as TK/
tyrosine kinase region and is ~ 850 bases in length while the fragment spanning
a.a. 708-1259 termed as RR/ regulatory region domain is ~ 1.65 kb long.
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EC
RR
TK
TM

Lane 1kb: DNA marker, Lane 1: EC/ extracellular region, Lane 2: TM/
Transmembrane region, Lane 3: TK/ Tyrosine kinase domain and Lane 4: RR/
Regulatory region
Figure 3.4

Gel picture showing PCR amplified ErbB2 fragments.

RR
EC
TM

TM

Lane 1kb: DNA marker, lane 1: EC/ extracellular region, lane 2: TM/
transmembrane region, lane 3: TK/ tyrosine kinase domain and lane 4: RR/
regulatory region
Figure 3.5

Gel picture showing PCR amplified and purified ErbB2 fragments.
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3.2

Cloning of PCR amplified product in pCR 2.1 TOPO vector

3.2.1

MC4R full length and fragments cloned in pCR 2.1 TOPO vector

Figures 3.6, 3.7 and 3.8 are the gel pictures of MC4R full length, F1 fragment and
F2 fragment in pCR 2.1 TOPO vector. The samples have been restriction digested
(RD) with the appropriate restriction enzymes (table 3.1). The first two lanes in
figure 3.5 are the pGAD424 and pGBKT7 vectors after double digestion with the
EcoRI and BamHI restriction enzymes. Figure 3.9 is the gel picture of full length
MC4R with His-tag in pCR 2.1 TOPO vector. The sample has been restriction
digested with the appropriate restriction enzymes (table 3.1).

1 2

3

M

MC4R

Lanes 1,2 and 3 - MC4R full length in pCR 2.1 TOPO vector, Lane M- DNA
marker
Figure 3.6

Gel picture showing full length MC4R cloned in pCR 2.1 TOPO
vector
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1 2 3 4

M

F1

From left to right: lanes 1 and 2: yeast two-hybrid vectors pGBKT7 and pGAD424
respectively after double digestion with EcoRI and BamHI
Lanes 3 and 4: MC4R F1 fragment in PCR 2.1 topo vector after double digestion
with EcoRI and BamHI, lane M: DNA ladder
Figure 3.7

Gel picture showing F1 fragment of MC4R cloned in pCR 2.1
TOPO vector

1 2

M

F2

Lane M: DNA marker, All other lanes: MC4R F2 fragment in pCR 2.1 TOPO
vector after double digestion with EcoRI and BamHI
Figure 3.8

Gel picture showing F2 fragment of MC4R cloned in pCR 2.1
TOPO vector
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MC4R

Lane 2 and 3: Full length MC4R with His-tag in TOPO vector digested
with EcoRV and HindIII, lane 1kb – DNA marker
Figure 3.9

3.2.2

Gel picture showing full length MC4R with His –tag cloned in
pCR 2.1 TOPO vector

ErbB2 fragments cloned in pCR 2.1 TOPO vector

Figures 3.10 and 3.11 are the gel pictures of ErbB2 fragments in PCR 2.1 TOPO
vector. The samples have been restriction digested with the appropriate restriction
enzymes (table 3.1).
Figures 3.12 and 3.13 are the pictures of ErbB2 fragments post digestion with
appropriate restriction enzymes to release the fragments from PCR 2.1 TOPO
vector.
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EC
TK

Lane 1kb – DNA ladder, lane 1 and 2: EC/ Extracellular domain, lane 6: TK/
tyrosine kinase. ErbB2 fragmensts in pCR 2.1 TOPO vector digested with EcoRI
and SalI
Figure 3.10

Gel picture showing EC and TK domains of ErbB2 cloned in pCR
2.1 TOPO vector
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M

1

2

RR

Lane M- DNA marker, lane 1 and 2 - ErbB2 RR/ Regulatory region in pCR 2.1
TOPO vector digested with EcoRI and SalI
Figure 3.11

Gel picture showing RR of ErbB2 cloned in pCR 2.1 TOPO vector
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1

2

M

EC
TK

ErbB2 fragments excised from PCR 2.1 TOPO vector by digestion with EcoRI
and SalI and purified. Lane 1: EC/ extracellular region. Lane 2: TK/ tyrosine
kinase domain. Lane M- DNA marker
Figure 3.12

Gel picture showing EC and TK domains of ErbB2 cloned in pCR
2.1 TOPO vector
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1

M

RR

Lane M – DNA marker. Lane 1: RR/ regulatory region ErbB2 fragments excised
from pCR 2.1 TOPO vector by digestion with EcoRI and SalI and gene clean
Figure 3.13

3.3

Gel picture showing RR of ErbB2 cloned in pCR 2.1 TOPO vector

Cloning in yeast two hybrid vectors and verification of the clones
Figures 3.14, 3.15, 3.16 and 3.17 are the gel pictures of the cloned MC4R

full length, F1 and F2 fragments in the yeast two-hybrid vectors. The DNA had
been digested with appropriate restriction enzymes (Table 3.1) to release the
cloned fragment.
Figures 3.18 and 3.19 are the gel pictures of the cloned ErbB2 fragments
in the yeast two-hybrid vectors, pGAD424 and pGBKT7. The DNA had been
digested with appropriate restriction enzymes (Table 3.1) to release the cloned
fragment.
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1

2

3

4

5

6

7

8

M

MC4R

Lanes 1-4 MC4R full length cloned in pGAD424. Lanes 5-8 MC4R full length
cloned in pGBKT7. Samples digested with EcoRI and BamHI. Lane M – DNA
marker.
Figure 3.14

Gel picture showing full length MC4R cloned in yeast two-hybrid
vectors
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1

2

M

F1

Lane M - DNA marker. Lanes 1 and 2: F1 fragment of MC4R cloned in pGBKT7
and restriction digested with EcoRI and BamHI
Figure 3.15

Gel picture showing F1 fragment of MC4R cloned in yeast twohybrid vector pGBKT7
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M

1

2

F1

Lanes 1 and 2: MC4R F1 fragment cloned in pGAD424. Samples digested with
EcoRI and BamHI. Lane M – DNA marker.
Figure 3.16

Gel picture showing F1 fragment of MC4R cloned in yeast twohybrid vector pGAD424

1

2

3

4

5

6

M

MC4R

Lane M: DNA marker, lanes 1: MC4R F2 fragment cloned in pGAD424
lanes 2-6: MC4R F2 fragment cloned in pGBKT7. Samples digested with EcoRI
and BamHI
Figure 3.17

Gel picture of F2 fragment of MC4R in yeast two-hybrid vectors
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1

2

3

4

M

5

6

M

7

8

TK
EC
EC

Lane M: DNA ladder. Lanes 3 and 5: EC/ Extracellular domain cloned in
pGAD424 and pGBKT7 respectively. Lanes 7 and 8: TK/ tyrosine kinase
domain cloned in pGAD424 and pGBKT7 respectively. Samples digested with
EcoRI and SalI
Figure 3.18

Gel picture showing EC and TK domains of ErbB2 cloned in yeast
two-hybrid vectors
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1kb 1

2

RR

Lane 1kb- DNA marker, lane 2: ErbB2 RR/ regulatory region cloned in yeast 2hybrid vector pGAD424. Samples digested with EcoRI and SalI
Figure 3.19

Gel picture showing RR of ErbB2 cloned in yeast two-hybrid
vector pGAD424
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3.4

Cloning in mammalian expression vector and verification of the
clones

Figure 3.20 below shows the His-tagged MC4R cloned in the mammalian
expression vector pcDNA 3.1. The DNA has been digested with appropriate
enzymes to verify the cloned fragment.

MC4R

Lane 1kb- DNA marker, lanes 1-4: MC4R full length with his tag cloned in
pcDNA and digested with EcoRV and HindIII
Figure 3.20

Gel picture showing full length MC4R with His-tag cloned in
pcDNA
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Table 3.1
List of full length MC4R and fragments of MC4R cloned

Cloned sequence

Vector

Details

MSU id

MC4R amino acids
1-333

pGAD424

MC4R full length in
pGAD424
EcoRI and BamHI

pMSU5001

MC4R amino acids
1-333

pGBKT7

MC4R full length in
pGAD424
EcoRI and BamHI

pMSU5002

MC4R amino acids
1-198

pGAD424

MC4R fragment 1 (F1) in
pGAD424
EcoRI and BamHI

pMSU5003

MC4R amino acids
1-198

pBGKT7

MC4R amino acids
185-333

pGAD424

MC4R amino acids
185-333

pBGKT7

MC4R fragment 2 (F2) in
pGBKT7
EcoRI and BamHI

pMSU5006

MC4R amino acids
1-333 His-tag
sequence

pcDNA

His-tagged MC4R in
pCDNA

pMSU5007

MC4R amino acids
1-333

pCR TOPO

PCR amplified full length
MC4R cloned in pCR
TOPO vector

pMSU5008

MC4R amino acids
1-198

pCR TOPO

PCR amplified MC4R
fragment 1 (F1) cloned in
pCR TOPO vector

pMSU5009

MC4R amino acids
185-333

pCR TOPO

MC4R amino acids
1-333 His-tag
sequence

pCR TOPO

MC4R fragment 1 (F1) in
pGBKT7
EcoRI and BamHI
MC4R fragment 2 (F2) in
pGAD424
EcoRI and BamHI

PCR amplified MC4R
fragment 2 (F2) cloned in
pCR TOPO vector
PCR amplified full length
MC4R with His-tag
sequence cloned in pCR
TOPO vector
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pMSU5004

pMSU5005

pMSU5010
pMSU5011

Table 3.2
List of fragments of ErbB2 cloned

Cloned sequence

Vector

ErbB2 amino
acids 708-990

pGAD424

ErbB2 amino
acids 708-990

pGBKT7

ErbB2 amino
acids 26-643

pGAD424

ErbB2 amino
acids 26-643

pGBKT7

ErbB2 amino
acids 708-1259

pGAD424

ErbB2 amino
acids 708-990

pCR TOPO

ErbB2 amino
acids 26-643

pCR TOPO

ErbB2 amino
acids 708-1259

pCR TOPO

Details
ErbB2 tyrosine kinase
(TK) region cloned in
pGAD424
SalI and EcoRI
ErbB2 tyrosine kinase
region cloned in
pGBKT7
SalI and EcoRI
ErbB2 extracellular
region cloned in
pGAD424
EcoRI and SalI
ErbB2 extracellular
region cloned in
pGAD424
EcoRI and SalI
ErbB2 regulatory
region (RR)cloned in
pGAD424
SalI and EcoRI
ErbB2 tyrosine kinase
region cloned in pCR
TOPO vector
ErbB2 extracellular
region cloned in pCR
TOPO vector
ErbB2 regulatory
region cloned in in pCR
TOPO vector
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MSU id

pMSU5012

pMSU5013

pMSU5014

pMSU5015

pMSU5016

pMSU5017
pMSU5018
pMSU5019

MC4R
Full length
1

333

MC4R
F1 fragment
198

1
MC4R
F2 fragment

185

Figure 3.21

333

Diagram showing the regions of MC4R cloned in yeast two-hybrid
vectors.

ErbB2
1

1259

ErbB2 EC
26

643

ErbB2 TK
708

990

ErbB2 RR (TK + RR)
708

1259

Note: Full length ErbB2 spanning amino acids 1-1259 has not been cloned. It has
just been shown for comparison.
Figure 3.22

Diagram showing the regions of ErbB2 cloned in yeast two-hybrid
vectors.
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3.5

Interaction studies

The results obtained from the assays performed are given in Tables 2.2
and 2.3 and are explained below
Table 3.3
Results of the interaction studies between the MC4R and IR
pGAD424

pGBKT7

MC4R full length
(a.a. 1-333)
IR-β (a.a. 1-620)

IR-β (a.a. 1-620)

MC4R F1 (a.a. 1198)
IR-β (a.a. 1-620)
MC4R F2
(a.a. 185-333)
IR-β (a.a. 1-620)
IR-β cytoplasmic
(a.a. 252-620)
MC4R full length/
MC4R F1/ MC4R F2
IR-α F1(a.a. 295-400)
MC4R full length/
MC4R F1/ MC4R F2
IR-α F2 (a.a. 350735)

MC4R full length
(a.a. 1-333)
IR-β (a.a. 1-620)
MC4R F1 (a.a. 1198)
IR-β (a.a. 1-620)
MC4R F2 (a.a. 185333)
MC4R full length/
MC4R F1/ MC4R F2
IR-α F1(a.a. 295-400)
MC4R full length/
MC4R F1/ MC4R F2
IR-α F2 (a.a 350-735)
MC4R full length/
MC4R F1/ MC4R F2

Result of Liquid
beta-galactosidase
assay
Negative

Result of Colonylift filter assay
Positive

Negative

Positive

Negative

Positive

Negative

Positive

Negative

Positive

Negative

Positive

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Table 3.4
Results of the interaction studies between the AT1b and the ErbB2 receptors
pGAD424

pGBKT7

ErbB2 EC
(a.a. 26-643)
ErbB2 TK
(a.a. 708-990)
ErbB2 TK + RR
(a.a. 708-1259)

AT1b
(a.a. 1-359)
AT1b
(a.a. 1-359)
AT1b
(a.a. 1-359)

Result of Liquid
β-galactosidase assay
Negative

Result of Colonylift filter assay
Negative

Negative

Positive

Negative

Positive
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3.5.1

Results of liquid β-galactosidase assay
Liquid beta-galactosidase activity (table 3.3 and 3.4) of the constructs did

not yield any positive data on the same day for both IR and MC4R receptor
analysis as well as for ErbB2 and AT1b receptor analysis. Some of the samples
showed the enzyme activity, but these results were so delayed that could not be
taken as positive data. The positives and negatives in the assays behaved as
expected.

3.5.2 Colony-lift filter assay showing the results of the interaction between full
length and fragments of human MC4R and β-subunit of human IR
The figure 3.23 shown below demonstrates the β-galactosidase activity of
the co-transformants. As seen above the negative controls (A) are not showing
any activity while the positive controls (B) are showing the maximum activity as
indicated by the colonies turning dark blue. The maximum beta-galactosidase
activity among all the combinations was obtained with the second MC4R
fragment spanning amino acids 185 to 333 of MC4R with the full length IR beta
subunit. The second best activity was seen with the first fragment of MC4R
spanning amino acids 1 to 198 of MC4R with the full length IR beta subunit (D).
Full length MC4R also seemed to be showing some activity although not as good
as the truncated fragments. The positive control shows the presence of interaction
within a few hours while the samples show delayed result, in 4-5 days. The
negative control however, remained colorless.
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B

A

C

E

D

A) Negative control, B) Positive control, C) F2 fragment of MC4R cloned in
pGAD424 + IR-β cloned in pGBKT7, D) F1 fragment of MC4R cloned in
pGAD424 + IR-β cloned in pGBKT7, E) Full length MC4R cloned in pGAD424
+ IRβ cloned in pGBKT7
Figure 3.23

Scanned picture of the filters showing interaction between the
MC4R and IR in yeast two-hybrid using colony-lift filter assay

3.5.3 Colony-lift filter assay showing the results of the Interaction between rat
AT1b receptor and fragments of rat ErbB2 receptor
The figure shown below demonstrates the β-galactosidase activity of the
co-transformants. As seen above the negative controls (A) are not showing any
activity while the positive controls (B) are showing the maximum activity as
indicated by the colonies turning dark blue. Stronger β-galactosidase activity
among all the combinations was obtained in the interaction study of tyrosine
kinase domain of ErbB2 with AT1b. Slightly weaker β-galactosidase expression
was seen in the interaction of Regulatory region of ErbB2 (actually contains both
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TK and regulatory regions) interaction with full length AT1b. The positive control
shows the presence of interaction within a few hours while the samples show
result in 2 days. Some of the positive controls are not showing activity. This may
be because the cells were not lysed properly. All the negative control remained
colorless. The other negative controls that were co-transformed with ErbB2 TK/
RR in pGAD424 with plain pGBKT7 vectors show extremely faint activity as
indicated by their green/ blue-green color. But the color formation indicating the
interaction is definitely more pronounced in the experimental samples.

A

D

B

C

E

F

A) Positive control, B) Negative control, C) TK region of ErbB2 in pGAD424 +
full length AT1b in pGBKT7, D) RR region of ErbB2 in pGAD424 + full
length AT1b in pGBKT7, E) TK region of ErbB2 in pGAD424 + pGBKT7
(negative control) and F) RR region of ErbB2 in pGAD424 + pGBKT7 (negative
control)
Figure 3.24

Scanned picture of the filters showing the interaction between the
ErbB2 and the AT1b receptors in yeast two-hybrid using colonylift filter assay
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CHAPTER IV
DISCUSSION

4.1

Link between the MC4R and IR in metabolic syndrome?
This study using Yeast two-hybrid protein-protein interaction between the

fourth Melanocortin receptor, MC4R and the IR was not able to give any
conclusive data. The liquid beta-galactosidase assays performed (table 3.3) did
not show the presence of any beta-galactosidase activity for the interactions
between the MC4R and the α and cytoplasmic β-subunits. There was slight βgalactosidase activity in the case of MC4R constructs in with the IR-β full length.
This was however, showing up extremely late (>10 days incubation) and were
considered as false positives.
In the case of the Colony-lift filter assay, the fusion proteins containing
the MC4R full/ F1/ F2 fragments co-transformed with IR-β full length in Y2-H
vectors, were able to interact and reconstitute the GAL4 transcriptional activator
(Table 3.3 and Figure 3.23). This is seen as the formation of blue color on the
colonies where the β-galactosidase enzyme has acted on its substrate X-gal to
form the colored product.
. This interaction was repeated more than 6 times with different sets of
transformations and hundreds of colonies were assayed. The results of the colony60

lift filter assay were delayed (5 days) while the positive controls showed color in a
day. The negative controls, however remained colorless. Due to the delayed
nature of the result, the transformants (positive, negative and experimental) could
not be patched in one plate and analyzed at the same time for their activities as
this was resulting in spreading of the color from the positives to the experimental
samples resulting in false positives. Hence the current method, where positive,
negative and experimental samples were patched and assayed in separate plates
and the documentation of all the plates were done at the time the experimental
samples turned blue. As can be seen clearly in the figure 3.23, the negatives stays
colorless and does not give false positives.
Looking at this data, comparatively stronger association seems to exist
between the full length β subunit of the Insulin Receptor and the truncated region
spanning amino acids 185 to 333 of the MC4R (F2). This region includes the third
intracellular loop and also the c-terminus tail of the MC4R. It may be possible
that this is the region that is associating with the IR, however transient this may
be. The fact that there is a region of overlap between the two truncated fragments
of MC4R spanning amino acids 185 to 198 and as the first fragment of the MC4R
is also showing interaction with beta subunit of IR, it is possible that these 13
amino acids along may play a crucial role in signaling via IR.

4.1.1

Conclusion from this study and future directions

So in conclusion to this part of the study, the hypothesis that the two receptors,
MC4R and IR, interact could not be proven satisfactorily by the GAL4 based
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yeast two-hybrid system. The absence of this interaction as seen in the liquid betagalactosidase assays can be attributed to the fact that this assay might not work to
quantify interactions that are weak or that are transient (Assay reference: Clontech
yeast protocols handbook, PT3024-1, March 2001).
. Further investigations on the existence of this interaction need to be done
or proven in some other system to be able to form any conclusive result.
Mutagenesis studies by either deleting or substituting these 13 amino acids or the
C-terminus loop of the MC4R will tell how important these regions really are in
associating with the IR. The same study can be applied on obese-diabetic animal
models carrying mutations in the MC4R genes to further study the downstream
effects of this interaction.
Also, the expression of the MC4R receptor gene in mammalian cell lines/
breast cancer cell lines like CHO/ MCF-7 that already express the IR receptor
(lysates run on polyacrylamide gels and transferred to nitrocellulose membrane,
probed with appropriate antibodies to confirm the expression; part of preliminary
investigations during the course of the study, but data not shown here) using the
construct cloned in the mammalian expression vector pcDNA 3.1 (table 3.1
pMSU5011 and figure 3.20); co-immunoprecipitation and probing with
appropriate His-tagged antibody would also shed light on these interactions.
Fluorescence-tagged antibodies could also show the proximity of these receptors
on the surface of the cells, could indicate that the receptors could be having a
cross-talk and signaling downstream.
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The study of this association between the fourth Melanocortin Receptor
and the Insulin Receptor could help unravel the molecular link between these two
receptors and to determine whether the signaling by insulin receptor during
insulin resistance and Type II diabetes can be altered in any way by the MC4R.
This would take us one step further in understanding the pathologies associated
with metabolic syndrome.

4.2

Angiotensin II, its receptors and ErbB2 in breast cancer
The results shown in this study using yeast two-hybrid protein-protein

interactions between the AngII receptor AT1 receptor and ErbB2 receptor
fragments show that there is a possibility that the regions containing the tyrosine
kinase domains and the region termed as the RR region that actually contains both
the tyrosine and regulatory domains of the receptor could be associating at some
level with the AT1b receptor. But here again this is not very conclusive due to the
fact that the liquid β-galactosidase assays (Table 3.4) did not show the existence
of this interaction.
On the other hand, the colony lift-filter assay (figure 3.24) seems to be the
only assay that has repeatedly been showing the ability of these fusion proteins to
effectively reconstitute the GAL4 transcription activator and promote transcription
of the Lac Z gene encoding the beta-galactosidase enzyme. There is again a time
difference in the appearance of color on the filters with the co-transformants. The
positives again show faster result, turning blue with in a day, the negatives stay
colorless and the experimental samples show blue color formation in about 1 and
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half to 3 days. So the pictures have been taken after the experimental samples
show color development, thus also proving that this is not a false positive due to
the fact that all the negatives remain colorless. Also to further strengthen the
argument that this delayed result is in fact a positive interaction between the two
receptors, the ErbB2 fragments cloned in the yeast two-hybrid vector pGAD424
were co-transformed with bait plasmid pGBKT7 that did not have any cloned
insert. These served as another set of negatives for this interaction study and were
assayed along with the experimental samples for their beta-galactosidase activity.
As seen in the figure 3.24, these filter-lifts do not show the levels of activity
exhibited by the experimental samples. So the results obtained for the AT1b and
ErbB2 interaction from colony-lift filter assay cannot be a false positive even
though it is a delayed result when compared to the positive control.
On comparing the time taken for the reaction to show up in results
obtained from ErbB2 and AT1 receptor (1 and half to 3 days) interaction and the
interaction between the MC4R and IR (5 days), leads to the speculation that the
association/ cross-talk between the ErbB2 and AT1 receptor could probably be
stronger than that between the latter.

4.2.1

Conclusion from this study and future directions
So in conclusion to this part of the study also, the hypothesis that the

interaction between the two receptors, AT1 and ErbB2, could be proven
satisfactorily by the GAL4 based yeast two-hybrid system failed due to negative
results obtained from liquid beta-galactosidase assays. As mentioned earlier, the
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absence of this interaction as seen in the results from the liquid beta-galactosidase
assays can be attributed to the fact that this assay might not work to quantify
interactions that are weak or that are transient (Assay reference: Clontech yeast
protocols handbook, PT3024-1, March 2001).
There seems to be some interaction between the AT1 and ErbB2 as seen
by the filter-lift data using X-gal as substrate, but this further warrants the proof
of this interaction by another method. As the interaction between the extracellular
domain of ErbB2 with AT1b was not seen at all, there might not be any region of
the extracellular domain that associates with any part of the AT1b receptor. The
outer regions containing only the tyrosine kinase (TK) and the tyrosine kinase +
regulatory region (RR) does seem to interact, but since stronger association is
seen in the case of only the TK domain, it is possible that the association is more
at the tyrosine kinase domain. This could be further proved by cloning the region
containing the region containing only the regulatory region and comparing the
two. This would prove if the regulatory region is not even involved in the crosstalk between the AngII receptor AT1b and ErbB2.
Preliminary data obtained with expression and phosphorylation patterns of
ErbB2 and expression of AngII receptors, AT1 and AT2, in the mammalian breast
cancer cell line MDA-MB-453 (data not shown) indicate the expression of ErbB2
and possibly low level expression of AT2 in this cell line. No bands
corresponding to AT1 receptor were obtained when the MDA-MB-453 lysate was
probed with AT1 specific antibody. Preliminary data for co-immunoprecipitation
and western blots probed with the anti-tyrosine phosphorylation antibody (PY99)
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assay with AT2 and ErbB2 showed that a phosphorylation pattern where the band
corresponding to ErbB2 was not phosphorylated. Another preliminary data (data
not shown) that was obtained was the high level expression of AT2 after
starvation (without addition of fetal bovine serum) of the breast cancer cell line
MCF-7 that shows expression of AT1R when the media is supplemented with
FBS. So, if further studies demonstrate that AT2 is not inducing the
phosphorylation of ErbB2 in this cell line, even after exposure to AngII, then it
would be interesting to see if there is a change in the phosphorylation pattern of
ErbB2 in this cell line if the AT1R is transfected in the same cell line and exposed
to AngII. If this experiment gives positive data, then this would be another way to
corroborate our hypothesis of this interaction between AT1R and ErbB2. As
mentioned before, Previous studies in our lab (Dieter Knowle 2000)) have shown
that interaction exists between the AT2 receptor and the ErbB3 receptor. Dieter
Knowle et. al. (Dieter Knowle 2000) demonstrated that the third intracellular loop
and cytoplasmic loop of the AT2 and the region of ErbB3 containing the ATPbinding domain are important for this association. So all this taken together could
suggest (i.e. if the preliminary data mentioned is also proved) that the AT1 can
stimulate the growth of cancer cells in this cell line while AT2 can inhibit the
same.
So, further studies on the interactions between the epidermal growth factor
receptors and the AngII receptors could be beneficial in understanding the distinct
pathways that can be used to arrest the growth of cancer cells. This would prompt
better outcomes in the treatment of this deadly disease.
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