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Unit]

Wnt, Hedgehog, TGFp, Notch signalling pathways

Objective: In this unit we will discuss about Wnt, Hedgehog, TGFf3, Notch signalling

pathways

Wnt signaling

Wnt signaling is a highly conserved signaling pathway that plays critical roles in various
aspects of embryonic development, tissue homeostasis, and disease. Dysregulation of the
Wnt pathway has been implicated in numerous diseases, including cancer and
developmental disorders. Here's an overview of Wnt signaling:

1. Overview: The Wnt signaling pathway is named after the wingless (wg) gene in
Drosophila and the Int-1 gene in mice, both of which are homologs of the Wnt gene
in vertebrates. The pathway is involved in cell fate determination, proliferation,
polarity, and stem cell maintenance.

2. Components of the Pathway:

Wnt Ligands: Wnt proteins are secreted signaling molecules that bind to
cell surface receptors to initiate signaling. There are multiple Wnt ligands,
each capable of activating distinct signaling responses.

Receptors: The primary receptors for Wnt ligands are members of the
Frizzled (Fzd) family of seven-pass transmembrane proteins. In addition to
Fzd receptors, certain co-receptors, such as LRP5/6 (low-density
lipoprotein receptor-related protein 5/6), are required for Wnt signal
transduction.

Canonical and Non-canonical Pathways: Wnt signaling can be classified
into two main branches: the canonical pathway, which involves [3-catenin-
mediated transcriptional regulation, and the non-canonical pathway,
which operates independently of B-catenin and regulates cytoskeletal
dynamics and cell polarity.

3. Canonical Wnt Signaling:

Activation: In the absence of Wnt ligands, a destruction complex
containing Axin, APC (adenomatous polyposis coli), GSK3B (glycogen
synthase kinase 3 beta), and CK1 (casein kinase 1) phosphorylates (3-
catenin, marking it for proteasomal degradation.

Wnt Ligand Binding: Binding of Wnt ligands to Fzd receptors and LRP5/6
co-receptors inhibits the activity of the destruction complex, leading to
stabilization and accumulation of 3-catenin in the cytoplasm.



Nuclear Translocation: Stabilized 3-catenin translocates to the nucleus,
where it interacts with TCF/LEF (T-cell factor/lymphoid enhancer factor)
transcription factors to activate target gene expression, including genes
involved in cell proliferation and survival.

4. Non-Canonical Wnt Signaling:

Planar Cell Polarity (PCP) Pathway: Involves the regulation of
cytoskeletal dynamics and cell polarity. Activation of the PCP pathway
leads to changes in cell shape and motility.

Wnt/Ca2+ Pathway: Activates intracellular calcium signaling pathways,
leading to the activation of downstream effectors such as protein kinase C
(PKC) and calcium/calmodulin-dependent protein kinase II (CaMKII).

5. Rolesin Development and Disease:

Embryonic Development: Wnt signaling is essential for embryonic
patterning, axis formation, organogenesis, and stem cell differentiation.

Cancer: Dysregulated Wnt signaling is a hallmark of many cancers,
including colorectal cancer, breast cancer, and hepatocellular carcinoma.
Aberrant activation of the pathway can lead to uncontrolled cell
proliferation, survival, invasion, and metastasis.

Developmental Disorders: Mutations in Wnt pathway components can
lead to developmental defects, such as neural tube defects, skeletal
abnormalities, and congenital heart defects.

6. Therapeutic Targeting: Given its involvement in cancer and other diseases, Wnt
signaling has emerged as a promising therapeutic target. Small molecule
inhibitors targeting various components of the pathway are being developed and
tested in preclinical and clinical studies for the treatment of Wnt-driven cancers
and other diseases.

Understanding the molecular mechanisms of Wnt signaling and its roles in development
and disease is crucial for developing targeted therapies and interventions aimed at
modulating Wnt pathway activity in various pathological conditions.

HEDGEHOG SIGNALING

Hedgehog signaling is a highly conserved signaling pathway that plays crucial roles in
embryonic development, tissue homeostasis, and stem cell maintenance. Dysregulation
of the Hedgehog pathway has also been implicated in various diseases, including cancer.
Here's an overview of Hedgehog signaling:

1. Overview: The Hedgehog (Hh) signaling pathway was first discovered in
Drosophila melanogaster (fruit fly), where mutations in genes involved in this



pathway led to defects in embryonic segmentation, resulting in a spiky appearance
reminiscent of a hedgehog. The pathway is named after this observation.

2. Components of the Pathway:

Ligands: The Hedgehog pathway is initiated by secreted signaling proteins
called Hedgehogligands, including Sonic Hedgehog (Shh), Indian Hedgehog
(Ihh), and Desert Hedgehog (Dhh) in mammals.

Receptors: The primary receptor for Hedgehog ligands is the
transmembrane protein Patched (Ptch). In the absence of ligand binding,
Ptch inhibits the activity of another transmembrane protein called
Smoothened (Smo).

Signal Transduction: When Hedgehog ligands bind to Ptch, inhibition of
Smo is relieved, leading to activation of downstream signaling events.

Transcription Factors: Activation of Smo triggers a cascade of
intracellular signaling events, culminating in the activation and nuclear
translocation of transcription factors known as Gli proteins (Glil, Gli2Z, and
Gli3).

Target Genes: Gli transcription factors regulate the expression of target
genes involved in various cellular processes, including cell proliferation,
differentiation, and survival.

3. Pathway Regulation:

Receptor Regulation: The activity of Ptch and Smo is tightly regulated by
post-translational modifications, protein-protein interactions, and
intracellular trafficking.

Negative Feedback: Hedgehog pathway activity is also regulated by
negative feedback mechanisms involving downstream target genes, such
as Ptch and Hhip (Hedgehog-interacting protein), which act as negative
regulators of pathway activation.

4. Roles in Development: Hedgehog signaling plays critical roles in embryonic
patterning, limb development, neural tube patterning, and organogenesis. In
adults, it regulates tissue homeostasis, stem cell maintenance, and regeneration.

5. Implications in Disease:

Cancer: Dysregulated Hedgehog signaling has been implicated in the
development and progression of various cancers, including basal cell
carcinoma, medulloblastoma, and pancreatic cancer. Aberrant activation of
the pathway can promote tumor cell proliferation, survival, and metastasis.

Congenital Disorders: Mutations in Hedgehog pathway components can
lead to congenital disorders, such as holoprosencephaly and skeletal
abnormalities.



Degenerative Diseases: Dysregulated Hedgehog signaling has also been
linked to degenerative diseases, such as Alzheimer's disease and
degenerative disc disease.

6. Therapeutic Targeting: Due to its involvement in cancer and other diseases,
Hedgehog signaling has emerged as a promising therapeutic target. Small
molecule inhibitors targeting components of the pathway, particularly Smo
inhibitors, have been developed and are used clinically to treat certain cancers.

Overall, Hedgehog signaling is a fundamental pathway with diverse roles in development,
tissue homeostasis, and disease. Continued research into the molecular mechanisms of
Hedgehog signaling and its implications in human health and disease will likely lead to
the development of novel therapeutic strategies.

TGF-f signaling

Transforming Growth Factor-beta (TGF-) signaling is a crucial pathway involved in
regulating numerous cellular processes, including cell growth, differentiation, apoptosis,
immune responses, wound healing, and tissue homeostasis. Dysregulation of TGF-3
signaling has been implicated in various diseases, including cancer, fibrosis, autoimmune
disorders, and developmental defects. Here's an overview of TGF-f signaling:

1. Overview: TGF-f is a multifunctional cytokine that exists in three isoforms: TGF-
B1, TGF-B2, and TGF-B3. These isoforms bind to cell surface receptors and initiate
downstream signaling cascades that regulate cellular behavior.

2. Components of the Pathway:

Ligands: TGF-f isoforms are secreted as inactive complexes and are
activated through proteolytic cleavage or conformational changes in the
extracellular matrix.

Receptors: The primary receptors for TGF-f ligands are type I and type Il
serine/threonine kinase receptors. Upon ligand binding, type II receptors
phosphorylate and activate type [ receptors, leading to downstream
signaling.

Smad Proteins: The canonical TGF-f3 signaling pathway involves the
activation of Smad proteins, which act as intracellular mediators of TGF-f3
signaling. Receptor-activated Smads (R-Smads), such as Smad2 and Smad3,
are phosphorylated by the activated type I receptors and form complexes
with a common partner protein called Smad4. These Smad complexes
translocate into the nucleus and regulate the transcription of target genes.

Non-Smad Signaling: In addition to Smad-mediated signaling, TGF-3 can
also activate non-Smad signaling pathways, including MAP kinase
pathways (e.g., ERK, JNK, p38 MAPK), PI3K/Akt pathway, and Rho GTPase



signaling, which regulate diverse cellular responses such as cell
proliferation, migration, and cytoskeletal dynamics.

3. Canonical TGF-f Signaling:

e Activation: Upon TGF- binding, type Il receptors phosphorylate and
activate type I receptors, which in turn phosphorylate R-Smads (SmadZ2/3).

o Transcriptional Regulation: Phosphorylated Smad2/3 form complexes
with Smad4 and translocate into the nucleus, where they regulate the
transcription of target genes by binding to specific DNA sequences (Smad-
binding elements) and interacting with transcriptional co-regulators.

4. Roles in Development and Tissue Homeostasis:

e Embryonic Development: TGF-3 signaling is essential for embryonic
development, regulating processes such as mesoderm induction, cell
differentiation, and organogenesis.

o Tissue Homeostasis: In adult tissues, TGF-§ signaling maintains tissue
homeostasis by regulating cell proliferation, differentiation, and apoptosis.
It also plays a critical role in tissue repair and wound healing.

5. Implications in Disease:

e Cancer: Dysregulated TGF-f3 signaling is a hallmark of cancer, where it can
act as both a tumor suppressor and a promoter, depending on the context.
Initially, TGF-B functions as a tumor suppressor by inhibiting cell
proliferation and inducing apoptosis. However, during tumor progression,
cancer cells can evade the growth-inhibitory effects of TGF- and exploit
its pro-tumorigenic functions, such as promoting epithelial-mesenchymal
transition (EMT), angiogenesis, and immune evasion.

o Fibrosis: TGF-f signaling is a major driver of tissue fibrosis, promoting the
activation of fibroblasts and the deposition of extracellular matrix
components, leading to tissue scarring and organ dysfunction.

e Autoimmune Disorders: Dysregulated TGF-B signaling has been
implicated in the pathogenesis of autoimmune diseases, where it can
contribute to aberrant immune responses and tissue inflammation.

6. Therapeutic Targeting: Given its roles in various diseases, TGF-f signaling is an
attractive target for therapeutic intervention. Strategies to modulate TGF-3
signaling include small molecule inhibitors targeting TGF-B receptors or
downstream signaling components, as well as biologics (e.g., antibodies) that
neutralize TGF-f3 ligands or disrupt receptor-ligand interactions.

Understanding the molecular mechanisms of TGF-f signaling and its roles in health and
disease is crucial for developing targeted therapies aimed at modulating TGF-f3 pathway
activity and improving patient outcomes in various pathological conditions.



Notch signaling

Notch signaling is a highly conserved signaling pathway that plays critical roles in various
cellular processes, including cell fate determination, proliferation, differentiation, and
apoptosis. Dysregulation of Notch signaling has been implicated in numerous diseases,
including cancer, developmental disorders, and cardiovascular diseases. Here's an
overview of Notch signaling:

1. Overview: Notch signaling is named after the Notch gene in Drosophila, mutations
of which were found to cause notched wing phenotypes in fruit flies. The pathway
is evolutionarily conserved and is involved in cell-cell communication, where it
regulates the differentiation of adjacent cells in a wide range of tissues and organs.

2. Components of the Pathway:

Notch Receptors: Notch receptors are single-pass transmembrane
proteins that are activated upon interaction with membrane-bound ligands
of the Delta-like (DLL1, DLL3, DLL4) and Jagged (JAG1, JAG2) families on
neighboring cells.

Ligands: Notch ligands are also single-pass transmembrane proteins
expressed on the surface of neighboring cells. Upon binding to Notch
receptors, ligands induce proteolytic cleavage and release of the Notch
intracellular domain (NICD) into the cytoplasm.

Notch Intracellular Domain (NICD): The NICD translocates into the
nucleus, where it forms a complex with transcription factor proteins of the
CSL (CBF1/RBPJx/Su(H)/Lag-1) family, displacing co-repressors and
recruiting co-activators to activate target gene transcription.

3. Canonical Notch Signaling:

Activation: Notch signaling is initiated by cell-cell contact between Notch
receptors and ligands on adjacent cells. Ligand binding induces proteolytic
cleavage of Notch receptors by ADAM metalloproteases and y-secretase
complex, resulting in the release of NICD.

Transcriptional Regulation: NICD translocates into the nucleus and
forms a complex with CSL transcription factors, converting them from
repressors to activators of target gene expression. Target genes of Notch
signaling include those encoding transcription factors, cell cycle regulators,
and cell fate determinants.

4. Roles in Development and Tissue Homeostasis:

Embryonic Development: Notch signaling is essential for embryonic
development, regulating processes such as neurogenesis, vasculogenesis,
somitogenesis, and organogenesis.



o Tissue Homeostasis: In adult tissues, Notch signaling maintains tissue
homeostasis by regulating stem cell maintenance, cell fate decisions, and
cell proliferation.

5. Implications in Disease:

e Cancer: Dysregulated Notch signaling has been implicated in various
cancers, where it can act as both a tumor suppressor and a promoter,
depending on the cellular context. Aberrant Notch signaling can promote
tumor cell proliferation, survival, invasion, and metastasis by altering cell
fate decisions and the tumor microenvironment.

o Developmental Disorders: Mutations in Notch pathway components can
lead to developmental defects, such as Alagille syndrome, cerebral
autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL), and spondylocostal dysostosis.

e Cardiovascular Diseases: Notch signaling is crucial for cardiovascular
development and homeostasis, and dysregulated Notch signaling has been
implicated in cardiovascular diseases, including atherosclerosis, cardiac
hypertrophy, and heart failure.

6. Therapeutic Targeting: Given its roles in various diseases, Notch signaling is an
attractive target for therapeutic intervention. Strategies to modulate Notch
signaling include small molecule inhibitors targeting y-secretase, antibodies
blocking Notch-ligand interactions, and modulation of downstream signaling
components.

Understanding the molecular mechanisms of Notch signaling and its roles in health and
disease is crucial for developing targeted therapies aimed at modulating Notch pathway
activity and improving patient outcomes in various pathological conditions.



Probable questions:

1.

2
3.
4

v

10.

11.

12.

13.

What is Wnt signaling and why it is important in the study of development?

. What are the key components of Wnt signaling pathway?

Explain canonical and non-canonical pathways of Wnt signaling.

. How does Hedgehog signaling regulate embryonic development, particularly in

patterning?
What are the key components of hedgehog signaling pathway?

Explain the process of Hedgehog signaling activation and transduction within
cells.

How does TGF-beta signaling regulate cell proliferation, differentiation and
apoptosis?

Can you explain the canonical and non-canonical pathways of TGF-b signaling?
What is Notch signaling and why it is important in biology?

How does notch-signaling regulate cell fate determination and differentiation
during development?

What are the key components of Notch-signaling components, including receptors
and ligands?

Can you explain the process of Notch signaling activation and transduction within
cells?

What are the different modes of Notch signaling?

Suggested Literature:

1.
2.

Vertebrate endocrinology-Norris DO. Elsevier academic press (latest edition).

Basic endocrinology, an interactive approach-Neal JM. Blackwell Science (latest

edition).

3.
4,
5.

Endocrine physiology-Molina PE. McGraw Hill Lange (latest edition).
Medical immunology-VirellaG. Informa Health care (latest edition).

Immunology-Kindt T], Goldsby RA, Osborne BA &Kuby J. WH Freeman & Co.



UnitII

Subclasses of nuclear receptor ligand, Nuclear Receptor Signalling
Mechanism

Objective: In this unit we will discuss about subclasses of nuclear receptor ligand,
Nuclear Receptor Signalling Mechanism

Subclasses of nuclear receptor ligand

Nuclear receptors are a class of transcription factors that regulate gene expression in
response to ligand binding. These ligands can be classified into several subclasses based
on their chemical nature and origin. Here are some of the main subclasses of nuclear
receptor ligands:

1. Endogenous Ligands:

e Steroids: This subclass includes steroid hormones such as estrogen, progesterone,
androgen, glucocorticoids, and mineralocorticoids. These hormones are lipophilic and
diffuse across the cell membrane to bind to intracellular nuclear receptors.

e Thyroid Hormones: Thyroid hormones (thyroxine, triiodothyronine) are another class
of endogenous ligands that regulate metabolic processes and development. They bind to
thyroid hormone receptors (TRs).

e Retinoids: Retinoids, derived from vitamin A, include retinoic acid and related
compounds. They regulate processes such as embryonic development, cell
differentiation, and vision. Retinoic acid binds to retinoic acid receptors (RARs) and
retinoid X receptors (RXRs).

2. Exogenous Ligands:

e Pharmaceutical Drugs: Many pharmaceutical drugs act as ligands for nuclear
receptors. For example, selective estrogen receptor modulators (SERMs) like tamoxifen
and raloxifene are used in breast cancer treatment. Similarly, synthetic glucocorticoids
such as dexamethasone are used as anti-inflammatory agents.

e Environmental Compounds: Some environmental compounds, known as endocrine-
disrupting chemicals (EDCs), can mimic or interfere with endogenous hormone signaling
by binding to nuclear receptors. Examples include bisphenol A (BPA) and phthalates.

3. Oxysterols:

e Oxysterols are oxygenated derivatives of cholesterol and serve as ligands for certain
nuclear receptors, including liver X receptors (LXRs) and farnesoid X receptor (FXR).
They regulate cholesterol metabolism, lipid homeostasis, and bile acid synthesis.



4. Fatty Acids and Derivatives:

e (Certain fatty acids and their derivatives can serve as ligands for nuclear receptors.
For example, polyunsaturated fatty acids (PUFAs) can activate peroxisome proliferator-
activated receptors (PPARs), which regulate lipid metabolism and inflammation.

5. Hormone Precursors:

e Some ligands act as precursors for active hormones. For instance,
dehydroepiandrosterone (DHEA) can be converted into androgens and estrogens, which
then bind to their respective nuclear receptors.

These subclasses represent a diverse array of molecules that regulate nuclear receptor
activity and consequently influence a wide range of physiological processes.
Understanding the ligand-specific activation of nuclear receptors is crucial for elucidating
their roles in health and disease and for the development of therapeutic interventions
targeting these receptors.

Nuclear receptors signaling

The signaling mechanism of nuclear receptors involves a series of steps that ultimately
regulate gene expression in response to ligand binding. Here's an overview of the general
signaling mechanism of nuclear receptors:

1. Ligand Binding:
. The signaling cascade is initiated by the binding of a specific ligand (e.g., hormone,

drug, or endogenous metabolite) to the ligand-binding domain (LBD) of the nuclear
receptor.

. Ligand binding induces a conformational change in the receptor, leading to the
exposure of a nuclear localization signal (NLS) and the masking of a nuclear export signal
(NES).

2. Nuclear Translocation:

. The ligand-bound nuclear receptor undergoes dimerization and translocates from
the cytoplasm to the nucleus through the nuclear pore complex. Nuclear translocation is
facilitated by importins and other nuclear transport proteins.

3. DNA Binding:

. Within the nucleus, the receptor-ligand complex binds to specific DNA sequences
called hormone response elements (HREs) or nuclear receptor response elements
(NRRESs) located in the regulatory regions of target genes.

. Nuclear receptors typically bind to DNA as homodimers or heterodimers with
other nuclear receptors or transcription factors.

4, Coactivator Recruitment:



. Upon DNA binding, the nuclear receptor-ligand complex recruits coactivator
proteins, which possess histone acetyltransferase (HAT) activity and other enzymatic
functions.

o Coactivators remodel chromatin structure, allowing for the assembly of the
transcriptional machinery and facilitating the access of RNA polymerase II to the target
gene promoter.

5. Transcriptional Activation:

. The recruitment of coactivators leads to the activation of target gene
transcription. Coactivators may also interact with other transcription factors and
components of the basal transcriptional machinery to further enhance gene expression.

. The activated nuclear receptor complex stimulates the transcription of target
genes, leading to the synthesis of mRNA transcripts, which are subsequently translated
into proteins that mediate cellular responses.

6. Transrepression:

. In addition to transcriptional activation, nuclear receptors can also exert
inhibitory effects on gene expression through a process known as transrepression.

. Transrepression involves the recruitment of corepressor complexes to target gene
promoters, leading to the repression of gene transcription. Corepressors often possess
histone deacetylase (HDAC) activity, which promotes chromatin condensation and
transcriptional silencing.

7. Feedback Regulation:

. The activity of nuclear receptors is subject to tight regulation through various
feedback mechanisms. Negative feedback loops may involve the transcriptional
regulation of nuclear receptor expression, post-translational modifications, or the action
of coregulatory proteins.

. Feedback regulation helps maintain homeostasis and prevent excessive activation
or suppression of target gene expression.

Overall, the signaling mechanism of nuclear receptors involves ligand binding, nuclear
translocation, DNA binding, coactivator recruitment, transcriptional activation, and
feedback regulation. These steps coordinate the expression of target genes in response to
specific ligands, thereby regulating diverse physiological processes.



Probable Questions

1.

10.

What are nuclear receptors, and what is their general function in cellular
regulation?

Can you describe the structural features common to all nuclear receptors?

What are the major subclasses of nuclear receptors, and what are their
distinguishing characteristics?

Can you provide examples of ligands that activate each subclass of nuclear
receptors?

How do nuclear receptors function as transcription factors to regulate gene
expression?

Can you explain how ligand binding activates nuclear receptors and initiates
signaling cascades within cells?

How do members of the steroid hormone receptor subclass, such as the
glucocorticoid receptor and estrogen receptor, mediate their specific physiological
responses upon ligand binding?

What are the roles of the orphan nuclear receptors, which lack known endogenous
ligands, in cellular signaling and gene regulation?

How do thyroid hormone receptors (TRs) regulate gene expression in response to
thyroid hormone levels, and what are their effects on metabolism and
development?

What are some examples of synthetic ligands or drugs targeting specific subclasses
of nuclear receptors, and how are they used in medicine?

Suggested Literature:

1.
2.

Vertebrate endocrinology-Norris DO. Elsevier academic press (latest edition).

Basic endocrinology, an interactive approach-Neal JM. Blackwell Science (latest
edition).

Endocrine physiology-Molina PE. McGraw Hill Lange (latest edition).
Medical immunology-VirellaG. Informa Health care (latest edition).

Immunology-Kindt TJ], Goldsby RA, Osborne BA &Kuby J. WH Freeman & Co.



Unit III

Hormones in tumorigenesis

Objective: In this unit we will discuss about Hormones in tumorigenesis,

Introduction:

Hormones play a significant role in tumorigenesis, the process by which normal cells
transform into cancer cells and develop into tumors. Hormones are chemical messengers
produced by various glands in the body, and they regulate numerous physiological
processes, including cell growth, differentiation, and apoptosis (programmed cell death).
When hormones become dysregulated or imbalanced, they can contribute to the
development and progression of cancer. Here are several ways hormones can influence
tumorigenesis:

1.

Promotion of cell proliferation: Certain hormones, such as estrogen and
testosterone, can stimulate the proliferation of cells in hormone-sensitive tissues
like the breast, prostate, and uterus. Continuous stimulation of cell division
increases the likelihood of mutations occurring in DNA, which can lead to the
formation of cancerous cells.

Alteration of gene expression: Hormones can modulate the expression of genes
involved in cell cycle regulation, DNA repair, and apoptosis. Dysregulation of
these genes can disrupt normal cellular processes and promote tumorigenesis.

Induction of inflammation: Some hormones, particularly those involved in the
stress response (e.g., cortisol), can induce chronic inflammation, which creates a
favorable microenvironment for tumor growth and progression. Inflammatory
processes can promote DNA damage, angiogenesis (formation of new blood
vessels to supply the tumor), and metastasis (spread of cancer to distant organs).

Modulation of immune response: Hormones can influence the function of the
immune system, which plays a critical role in recognizing and eliminating
cancerous cells. Imbalances in hormone levels may suppress immune
surveillance, allowing cancer cells to evade detection and proliferate unchecked.

Angiogenesis: Hormones like vascular endothelial growth factor (VEGF) can
promote the growth of new blood vessels (angiogenesis) to supply tumors with
oxygen and nutrients. This process is essential for tumor growth and metastasis.

Metabolism: Hormones can regulate cellular metabolism, affecting energy
production and nutrient utilization. Dysregulated metabolism is a hallmark of
cancer cells and can provide proliferating tumor cells with the energy and
building blocks they need to grow and divide rapidly.

Hormone receptor signaling: Many cancer types are hormone-dependent,
meaning they express hormone receptors on their cell surface. Binding of



hormones to these receptors can activate signaling pathways that promote cell
survival, proliferation, and metastasis.

Understanding the role of hormones in tumorigenesis is crucial for developing targeted
therapies that can disrupt hormone signaling pathways and inhibit cancer growth.
Hormone-based therapies, such as hormone receptor antagonists and hormone synthesis
inhibitors, are commonly used in the treatment of hormone-dependent cancers like
breast and prostate cancer. Additionally, strategies to modulate hormone levels or block
hormone receptors are being explored as potential interventions to prevent or treat
various types of cancer.

HORMONES AND TUMORIGENESIS

Detailed notes: Hormones play a significant role in tumorigenesis, the process by which
normal cells transform into cancer cells and develop into tumors. Hormones are chemical
messengers produced by various glands in the body, and they regulate numerous
physiological processes, including cell growth, differentiation, and apoptosis
(programmed cell death). When hormones become dysregulated or imbalanced, they can
contribute to the development and progression of cancer. Here are several ways
hormones can influence tumorigenesis:

1. Promotion of cell proliferation: Certain hormones, such as estrogen and
testosterone, can stimulate the proliferation of cells in hormone-sensitive tissues like the
breast, prostate, and uterus. Continuous stimulation of cell division increases the
likelihood of mutations occurring in DNA, which can lead to the formation of cancerous
cells.

Mechanism of hormone-induced cell proliferation:

The mechanism of hormone-induced cell proliferation involves complex interactions
between hormones, hormone receptors, intracellular signaling pathways, and gene
expression. Here's a simplified overview of how hormone-induced cell proliferation
typically occurs:

i) Hormone Binding to Receptors: Hormones are typically small molecules that
circulate in the bloodstream until they encounter target cells expressing specific
hormone receptors. These receptors are often located on the cell surface or within
the cell.

ii) Activation of Receptors: Upon binding of the hormone to its receptor,
conformational changes occur in the receptor protein, leading to its activation. This
activation can occur through various mechanisms, including dimerization of
receptor molecules, phosphorylation, or conformational changes that expose
binding sites for intracellular signaling molecules.

iii) Activation of Intracellular Signaling Pathways: Activated hormone receptors
transmit signals to the interior of the cell, initiating intracellular signaling pathways.



These pathways involve a series of protein-protein interactions and post-
translational modifications that relay the hormonal signal to the nucleus.

iv) Gene Expression Regulation: The activated intracellular signaling pathways often
culminate in the regulation of gene expression. This can occur through several
mechanisms, including activation of transcription factors, which are proteins that
bind to specific DNA sequences in the nucleus and regulate the transcription of
target genes.

v) Cell Cycle Regulation: Many of the genes activated by hormone signaling are
involved in the regulation of the cell cycle, which controls the process of cell
division. Hormone-induced activation of specific genes promotes progression
through the cell cycle, leading to cell proliferation.

vi) Cellular Responses: As a result of increased gene expression and cell cycle
progression, cells undergo proliferation, leading to an increase in cell number. This
process is tightly regulated to ensure proper tissue growth and homeostasis.

It's important to note that the specific mechanisms of hormone-induced cell proliferation
can vary depending on the type of hormone, the target tissue, and the downstream
signaling pathways involved. Additionally, dysregulation of hormone signaling pathways
can contribute to pathological conditions such as cancer, where uncontrolled cell
proliferation leads to tumor formation and progression.

Understanding the detailed mechanisms of hormone-induced cell proliferation is
essential for developing targeted therapies to modulate hormone signaling pathways in
various diseases, including cancer. By disrupting hormone-receptor interactions or
downstream signaling pathways, researchers aim to inhibit aberrant cell proliferation
and halt disease progression.

2. Alteration of gene expression: Hormones can modulate the expression of genes
involved in cell cycle regulation, DNA repair, and apoptosis. Dysregulation of these genes
can disrupt normal cellular processes and promote tumorigenesis.

The mechanism of hormone-induced alteration of gene expression:

The mechanism of hormone-induced alteration of gene expression involves complex
signaling cascades that ultimately lead to changes in transcriptional activity within the
nucleus. Here's a detailed overview of this process:

i. Hormone Binding to Receptors: Hormones bind to specific receptors on the surface
of target cells or within the cell cytoplasm. These receptors can be either
membrane-bound receptors (e.g., G protein-coupled receptors) or intracellular
receptors (e.g., nuclear hormone receptors).

ii.  Receptor Activation: Upon hormone binding, conformational changes occur in the
receptor protein, leading to its activation. This activation can involve dissociation
of inhibitory proteins, dimerization of receptor subunits, or exposure of binding
sites for signaling molecules.
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Signal Transduction: Activated hormone receptors transmit signals to the nucleus
through various intracellular signaling pathways. For membrane-bound receptors,
this often involves activation of second messenger systems (e.g., cyclic AMP,
phosphoinositide signaling) or activation of kinase cascades (e.g., MAP kinase
pathway). For intracellular receptors, hormone binding leads to translocation of the
receptor-hormone complex into the nucleus.

Transcriptional Regulation: Once in the nucleus, hormone receptors directly or
indirectly influence gene transcription by binding to specific DNA sequences called
hormone response elements (HREs) located within the regulatory regions of target
genes. This binding can either enhance (as in the case of activators) or repress (as
in the case of repressors) the transcriptional activity of target genes.

Co-activators and Co-repressors: Hormone receptors often recruit co-activator or
co-repressor proteins to the regulatory regions of target genes. Co-activators
enhance transcriptional activity by facilitating chromatin remodeling, recruitment
of RNA polymerase, and assembly of transcriptional machinery. Co-repressors, on
the other hand, inhibit transcriptional activity by promoting chromatin
condensation or interfering with transcriptional machinery assembly.

Chromatin Remodeling: Hormone-induced changes in gene expression also involve
chromatin remodeling, which alters the accessibility of DNA to transcriptional
machinery. This can occur through post-translational modifications of histone
proteins (e.g., acetylation, methylation) or through ATP-dependent chromatin
remodeling complexes.

Gene Transcription: Ultimately, the net effect of hormone signaling is to regulate the
transcriptional activity of target genes. This leads to changes in the abundance of
mRNA transcripts encoding specific proteins, which in turn can influence cellular
functions such as proliferation, differentiation, metabolism, and survival.

Feedback Regulation: Hormone-induced gene expression is often subject to
feedback regulation to maintain homeostasis. This can involve negative feedback
loops where the products of hormone-induced gene expression inhibit further
hormone signaling, or it can involve cross-talk between different signaling
pathways to fine-tune cellular responses.

Overall, hormone-induced alteration of gene expression is a tightly regulated process that

plays a crucial role in mediating cellular responses to hormonal stimuli. Dysregulation of
this process can contribute to various diseases, including cancer, metabolic disorders,
and endocrine disorders.

3.

Induction of inflammation: Some hormones, particularly those involved in the

stress response (e.g., cortisol), can induce chronic inflammation, which creates a

favorable microenvironment for tumor growth and progression. Inflammatory processes

can promote DNA damage, angiogenesis (formation of new blood vessels to supply the

tumor), and metastasis (spread of cancer to distant organs).



Mechanism of hormone-induced inflammation:

Hormone-induced inflammation involves complex interactions between hormones,
immune cells, and inflammatory mediators. While not all hormones directly induce
inflammation, some hormones can modulate immune responses, leading to inflammation
under certain conditions. Here's a general overview of the mechanism:

i. Hormonal Regulation of Immune Cells: Hormones can directly or indirectly
influence the activity of immune cells, including macrophages, T cells, B cells, and
dendritic cells. For example, glucocorticoids (such as cortisol) are known to suppress
immune cell function, while other hormones like estrogen and testosterone can modulate
immune responses.

ii. Pro-inflammatory Effects of Hormones: Some hormones have pro-inflammatory
effects under certain conditions. For example, cortisol, which is released in response to
stress, can suppress the production of anti-inflammatory molecules like interleukin-10
(IL-10) and promote the production of pro-inflammatory cytokines such as interleukin-
6 (IL-6) and tumor necrosis factor-alpha (TNF-alpha).

iii. Activation of Inflammatory Signaling Pathways: Hormones can activate
intracellular signaling pathways within immune cells that promote inflammation. For
instance, hormones like cortisol and adrenaline can activate the NF-kB (nuclear factor-
kappa B) pathway, which regulates the expression of genes involved in inflammation,
such as cytokines, chemokines, and adhesion molecules.

iv. Induction of Inflammatory Mediators: Hormones can induce the production and
release of inflammatory mediators by immune cells. These mediators include cytokines
(e.g., IL-6, TNF-alpha, interleukin-1f), chemokines (e.g., interleukin-8), prostaglandins,
and reactive oxygen species (ROS). These molecules can recruit additional immune cells
to the site of inflammation and amplify the inflammatory response.

V. Disruption of Inmune Homeostasis: Dysregulation of hormone levels or signaling
pathways can disrupt immune homeostasis, leading to chronic inflammation. Chronic
inflammation is associated with various diseases, including autoimmune disorders,
metabolic syndrome, and cancer.

vi. Feedback Regulation: Inflammatory responses induced by hormones are often
subject to feedback regulation to prevent excessive inflammation and tissue damage. For
example, anti-inflammatory cytokines like IL-10 can inhibit the production of pro-
inflammatory cytokines, helping to resolve inflammation.

vii.  Tissue-Specific Effects: The effects of hormone-induced inflammation can vary
depending on the target tissue and the specific hormonal milieu. For example, estrogen
has been shown to exert anti-inflammatory effects in some tissues (such as the
cardiovascular system) but pro-inflammatory effects in others (such as the reproductive
tract).



Overall, hormone-induced inflammation is a complex process involving multiple
signaling pathways and interactions between hormones and immune cells.
Understanding the mechanisms underlying hormone-induced inflammation is important
for elucidating the pathogenesis of inflammatory diseases and identifying potential
therapeutic targets.

4. Modulation of immune response: Hormones can influence the function of the
immune system, which plays a critical role in recognizing and eliminating cancerous cells.
Imbalances in hormone levels may suppress immune surveillance, allowing cancer cells
to evade detection and proliferate unchecked.

Hormone-induced modulation of the immune response in tumorigenesis:

Hormone-induced modulation of the immune response plays a crucial role in
tumorigenesis, affecting various aspects of cancer development and progression. Here's
how hormones can influence the immune response in the context of tumorigenesis:

i. Regulation of Immune Cell Function: Hormones can modulate the function of
immune cells involved in tumor surveillance and elimination, such as T cells, B cells,
natural killer (NK) cells, macrophages, and dendritic cells. For example, glucocorticoids,
which are stress hormones, can suppress immune cell function, including T cell activation
and cytokine production, thereby impairing anti-tumor immune responses.

il. Inflammatory Microenvironment: Hormones can contribute to the establishment
of a pro-inflammatory microenvironment that promotes tumor growth and progression.
For instance, estrogen has been shown to induce the production of pro-inflammatory
cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-alpha),
which can enhance tumor cell survival, proliferation, and metastasis.

iii. Immunosuppression: Some hormones, particularly glucocorticoids and
progesterone, have immunosuppressive effects that can dampen anti-tumor immune
responses. These hormones can inhibit the function of cytotoxic T cells and NK cells,
impair antigen presentation by dendritic cells, and promote the expansion of regulatory
T cells (Tregs), which suppress immune responses.

iv. Angiogenesis and Immune Evasion: Hormones can stimulate the production of
angiogenic factors and suppress the expression of immune checkpoint molecules,
allowing tumors to evade immune surveillance and establish a vascular network for
nutrient supply. For example, estrogen has been shown to upregulate vascular
endothelial growth factor (VEGF) expression, promoting angiogenesis and tumor
vascularization.

V. Hormone Receptor Signaling: Many cancer cells express hormone receptors on
their surface, allowing them to respond to hormonal signals directly. Hormone receptor
signaling in cancer cells can influence immune cell infiltration, cytokine production, and



immune checkpoint expression within the tumor microenvironment, thereby shaping the
anti-tumor immune response.

vi. Impact on Immune Checkpoints: Hormones can modulate the expression of
immune checkpoint molecules such as programmed death-ligand 1 (PD-L1) on tumor
cells and immune cells. High levels of hormones such as estrogen and cortisol have been
associated with increased PD-L1 expression, leading to immune evasion and resistance
to immune checkpoint blockade therapy.

vii. Hormone Therapy and Immune Response: Hormone-based therapies used in
cancer treatment, such as hormone receptor antagonists or agonists, can influence the
immune response. For example, anti-estrogen therapies in breast cancer can alter the
immune microenvironment, enhancing T cell infiltration and anti-tumor immunity.

Understanding the interplay between hormones and the immune response in
tumorigenesis is essential for developing effective cancer therapies that target both
tumor cells and the immune system. Therapeutic strategies aimed at modulating
hormone signaling pathways or immune checkpoint molecules hold promise for
improving outcomes in hormone-sensitive cancers and overcoming immunosuppression
in the tumor microenvironment.

6. Angiogenesis: Hormones like vascular endothelial growth factor (VEGF) can
promote the growth of new blood vessels (angiogenesis) to supply tumors with
oxygen and nutrients. This process is essential for tumor growth and metastasis.

Role of hormones in angiogenesis:

Hormones play a significant role in angiogenesis, the process by which new blood vessels

are formed from pre-existing vasculature. Angiogenesis is essential for various
physiological processes, including wound healing, embryonic development, and the
menstrual cycle. However, dysregulated angiogenesis is also a hallmark of many diseases,
including cancer, diabetic retinopathy, and inflammatory disorders. Here's how
hormones influence angiogenesis:

i. Vascular Growth Factors Regulation: Hormones can regulate the expression of
vascular growth factors, such as vascular endothelial growth factor (VEGF), fibroblast
growth factor (FGF), and angiopoietins, which are key drivers of angiogenesis. For
example, estrogen has been shown to upregulate VEGF expression in various tissues,
promoting endothelial cell proliferation and blood vessel formation.

ii. Endothelial Cell Activation: Hormones can directly stimulate endothelial cells,
which line the inner surface of blood vessels, to initiate angiogenesis. Binding of
hormones to specific receptors on endothelial cells can activate intracellular signaling
pathways that promote cell proliferation, migration, and tube formation, leading to the
sprouting of new blood vessels.



iii. Extracellular Matrix Remodeling: Hormones can modulate the composition and
organization of the extracellular matrix (ECM), which provides structural support to
blood vessels. By regulating the expression of matrix metalloproteinases (MMPs) and
other ECM-degrading enzymes, hormones facilitate the remodeling of the ECM, allowing
endothelial cells to migrate and invade surrounding tissues during angiogenesis.

iv. Pericyte Recruitment and Vessel Maturation: Hormones play a role in recruiting
pericytes, specialized cells that wrap around newly formed blood vessels, to stabilize and
mature the vasculature. Pericytes provide structural support to blood vessels, regulate
blood flow, and modulate endothelial cell function. Hormonal signaling pathways can
influence the recruitment and differentiation of pericytes during angiogenesis.

V. Hormone Receptor Signaling in Endothelial Cells: Endothelial cells express
hormone receptors, allowing them to respond directly to hormonal signals. Activation of
hormone receptors on endothelial cells can trigger intracellular signaling cascades that
promote angiogenesis. For example, estrogen receptors have been identified on
endothelial cells, and estrogen signaling has been implicated in promoting angiogenesis
in estrogen-sensitive tissues like the uterus and breast.

Vi. Inflammation and Angiogenesis: Hormones can modulate inflammatory
responses, which are closely linked to angiogenesis. Pro-inflammatory cytokines and
chemokines induced by hormonal signaling can promote endothelial cell activation and
recruitment of immune cells to the site of angiogenesis, facilitating the formation of new
blood vessels.

Understanding the role of hormones in angiogenesis is critical for developing targeted
therapies to modulate angiogenic processes in various diseases. Hormone-based
therapies, such as anti-angiogenic agents that target hormone receptors or downstream
signaling pathways, are being explored as potential treatments for conditions
characterized by excessive or aberrant angiogenesis, including cancer and vascular
disorders.

6. Metabolism: Hormones can regulate cellular metabolism, affecting energy
production and nutrient utilization. Dysregulated metabolism is a hallmark of cancer cells
and can provide proliferating tumor cells with the energy and building blocks they need
to grow and divide rapidly.

7. Hormone receptor signaling: Many cancer types are hormone-dependent,
meaning they express hormone receptors on their cell surface. Binding of hormones to
these receptors can activate signaling pathways that promote cell survival, proliferation,
and metastasis.

Hormone-receptor signaling in tumorigenesis:

Hormone receptor signaling plays a crucial role in tumorigenesis, particularly in
hormone-sensitive cancers where tumor growth and progression are influenced by



hormone levels and their interactions with specific receptors. Here's an overview of
hormone receptor signaling in tumorigenesis:

i Hormone Receptor Expression: Hormone receptors are proteins typically found
on the surface or within the cytoplasm of target cells. These receptors have specific
binding sites for hormones, allowing them to recognize and respond to hormonal signals.
Examples of hormone receptors include estrogen receptors (ER), progesterone receptors
(PR), androgen receptors (AR), thyroid hormone receptors (TR), and glucocorticoid
receptors (GR).

il. Ligand Binding and Receptor Activation: Hormone receptors are activated upon
binding to their respective ligands (hormones). This binding induces conformational
changes in the receptor protein, leading to its activation. In the case of nuclear hormone
receptors (e.g., ER, PR, AR, TR), hormone binding triggers receptor dimerization and
translocation into the nucleus, where they act as transcription factors regulating the
expression of target genes. On the other hand, membrane-bound hormone receptors (e.g.,
certain ER isoforms, membrane-bound PR) can activate intracellular signaling pathways
upon ligand binding, leading to various cellular responses.

iii. Transcriptional Regulation: Once in the nucleus, activated hormone receptors
bind to specific DNA sequences called hormone response elements (HREs) within the
regulatory regions of target genes. This binding can either enhance (as in the case of
activators) or repress (as in the case of repressors) the transcriptional activity of target
genes. Hormone receptor-mediated transcriptional regulation influences various cellular
processes relevant to tumorigenesis, including cell proliferation, survival, differentiation,
and metabolism.

iv. Cross-talk with Signaling Pathways: Hormone receptor signaling pathways often
cross-talk with other signaling pathways implicated in tumorigenesis, such as growth
factor signaling, Wnt/[3-catenin signaling, and PI3K/Akt/mTOR signaling. This cross-talk
can amplify or modulate hormone receptor-mediated effects on tumor cell behavior,
promoting tumor growth and progression.

V. Hormone Sensitivity and Resistance: In hormone-sensitive cancers, such as
breast, prostate, and endometrial cancers, tumor growth is dependent on hormone
receptor signaling. Dysregulation of hormone receptor expression or activity can lead to
hormone resistance, where tumors become less responsive to hormonal therapies.
Mechanisms of hormone resistance include alterations in receptor expression, mutations
in receptor genes, activation of alternative signaling pathways, and changes in
downstream effector molecules.

Vi. Therapeutic Targeting: Hormone receptor signaling pathways are attractive
targets for cancer therapy, particularly in hormone-sensitive cancers. Hormone-based
therapies, such as selective estrogen receptor modulators (SERMs), aromatase inhibitors,
and anti-androgens, are commonly used to block hormone receptor signaling and inhibit
tumor growth. Additionally, combination therapies targeting multiple components of



hormone receptor signaling pathways are being explored to overcome hormone
resistance and improve treatment outcomes in hormone-sensitive cancers.

Understanding the molecular mechanisms of hormone receptor signaling in
tumorigenesis is essential for developing targeted therapies that can effectively modulate
hormone-dependent tumor growth and progression. Additionally, ongoing research into
the mechanisms underlying hormone resistance will provide insights into new
therapeutic strategies for managing hormone-sensitive cancers.

Understanding the role of hormones in tumorigenesis is crucial for developing targeted
therapies that can disrupt hormone signaling pathways and inhibit cancer growth.
Hormone-based therapies, such as hormone receptor antagonists and hormone synthesis
inhibitors, are commonly used in the treatment of hormone-dependent cancers like
breast and prostate cancer. Additionally, strategies to modulate hormone levels or block
hormone receptors are being explored as potential interventions to prevent or treat
various types of cancer.

Probable questions:

1. How do hormones contribute to the development of cancer?
2. What are the mechanisms by which hormones can promote tumorigenesis?
3. Which hormones are commonly associated with promoting tumorigenesis,

and in which types of cancers are they implicated?

4. Can you explain the concept of hormone receptor-positive and hormone
receptor-negative cancers?

5. How do hormone receptors, such as estrogen receptors and androgen
receptors, mediate their effects on tumor growth and progression?

6. What are the risk factors for hormone-induced tumorigenesis, and how do
they interact with hormonal signaling pathways?

7. Can hormone replacement therapy or hormone-blocking medications
influence the risk of developing hormone-related cancers?

8. How do hormonal fluctuations throughout a person'’s life, such as those during
puberty, pregnancy, and menopause, affect cancer risk?

0. What are some strategies for preventing hormone-induced tumorigenesis,
particularly in high-risk populations?

10.  What are the challenges in treating hormone-related cancers, and what
therapeutic approaches are being explored to target hormone signaling
pathways in cancer treatment?
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Unit IV

Immune response and cancer therapy with special emphasis on

hormonal therapies

Objective: In this unit we will discuss about Immune response and cancer therapy with
special emphasis on hormonal therapies.

The immune response plays a critical role in cancer therapy, particularly in the context
of immunotherapy, which harnesses the power of the immune system to recognize and
destroy cancer cells. Here's an overview of the immune response in cancer therapy:

1.

Immunosurveillance:

The immune system continuously monitors the body for abnormal cells,
including cancer cells, through a process known as immunosurveillance.

Immune cells, such as T cells, natural killer (NK) cells, and dendritic cells,
recognize cancer cells by detecting tumor-specific antigens or changes in
the tumor microenvironment.

Immune Evasion:

Cancer cells can develop mechanisms to evade immune detection and
destruction, allowing them to proliferate and metastasize.

Immune evasion strategies employed by cancer cells include
downregulation of major histocompatibility complex (MHC) molecules,
expression of immune checkpoint molecules (e.g., PD-L1), and secretion
of immunosuppressive factors (e.g., TGF-f3, IL-10).

Immunotherapy:

Immunotherapy aims to enhance the anti-tumor immune response or
overcome immune evasion mechanisms employed by cancer cells.

Immune checkpoint inhibitors (ICIs) block inhibitory immune checkpoint
molecules (e.g., PD-1, PD-L1, CTLA-4), allowing T cells to recognize and
attack cancer cells more effectively.

Adoptive cell therapies, such as chimeric antigen receptor (CAR) T cell
therapy and tumor-infiltrating lymphocyte (TIL) therapy, involve the
infusion of genetically engineered or expanded T cells to target and kill
cancer cells.

Cancer vaccines stimulate the immune system to recognize and target
tumor-specific antigens, enhancing anti-tumor immunity.



4. Clinical Applications:

Immunotherapy has revolutionized cancer treatment and has
demonstrated remarkable efficacy across a wide range of cancer types,
including melanoma, lung cancer, bladder cancer, and hematological
malignancies.

Immune checkpoint inhibitors have become standard of care for many
cancer types and have led to durable responses and improved survival
outcomes in some patients.

Adoptive cell therapies, such as CAR T cell therapy, have shown
remarkable success in treating certain hematological malignancies,
particularly B-cell acute lymphoblastic leukemia (ALL) and diffuse large
B-cell lymphoma (DLBCL).

Cancer vaccines are being investigated as both preventive and therapeutic
agents and hold promise for the prevention of cancer recurrence and the
induction of immune responses against established tumors.

5. Challenges and Future Directions:

While immunotherapy has transformed cancer treatment, not all patients
respond to treatment, and resistance mechanisms can develop over time.

Biomarkers to predict response to immunotherapy and identify patients
who are most likely to benefit are still being refined.

Combination approaches, including combinations of immunotherapy with
other immunomodulatory agents, chemotherapy, targeted therapy, or
radiation therapy, are being explored to improve response rates and
overcome resistance.

Ongoing research aims to elucidate the mechanisms underlying the
immune response to cancer and develop novel immunotherapeutic
strategies to enhance anti-tumor immunity and improve patient
outcomes.

In summary, the immune response plays a central role in cancer therapy, particularly in
the context of immunotherapy, which has revolutionized cancer treatment and led to
improved outcomes for many patients. Continued research into the immune response to
cancer and the development of novel immunotherapeutic approaches hold promise for
further advances in cancer treatment.

Hormonal therapy in cancer:

Hormonal therapy, also known as endocrine therapy, is a type of cancer treatment that
targets hormone-sensitive tumors by altering hormone levels or blocking hormone
receptors. Hormonal therapy is commonly used in the treatment of breast, prostate, and



endometrial cancers, which are known to be influenced by hormones such as estrogen,
progesterone, and androgens. Here's an overview of hormonal therapy in cancer:

1. Breast Cancer:

e Hormonal therapy is a cornerstone of treatment for hormone receptor-
positive (HR+) breast cancer, which accounts for the majority of breast
cancer cases.

e Hormonal therapy options for HR+ breast cancer include:

o Selective Estrogen Receptor Modulators (SERMs): Drugs such as
tamoxifen and raloxifene block estrogen receptors, inhibiting
estrogen's growth-promoting effects on breast cancer cells.

e Aromatase Inhibitors (Als): Drugs like anastrozole, letrozole, and
exemestane inhibit the enzyme aromatase, which converts
androgens into estrogen. Als lower estrogen levels in
postmenopausal women.

o Estrogen Receptor Downregulators (ERDs): Drugs like fulvestrant
bind to estrogen receptors and degrade them, leading to a
decrease in estrogen receptor expression and signaling.

e Hormonal therapy may be used alone or in combination with other
treatments such as surgery, chemotherapy, or targeted therapy,
depending on the stage and characteristics of the cancer.

2. Prostate Cancer:

e Prostate cancer is often driven by androgen receptor (AR) signaling, and
hormonal therapy aims to inhibit this pathway.

e Androgen Deprivation Therapy (ADT), also known as hormone
deprivation therapy, is the mainstay of treatment for advanced or
metastatic prostate cancer.

e ADT can be achieved through surgical removal of the testicles
(orchiectomy) or medical castration using luteinizing hormone-releasing
hormone (LHRH) agonists or antagonists, which suppress the production
of testosterone.

e Other hormonal therapies for prostate cancer include anti-androgens,
which block the action of androgens on the androgen receptor, and
androgen biosynthesis inhibitors, which inhibit the production of
androgens.

3. Endometrial Cancer:

e Hormonal therapy may be used in the treatment of endometrial cancer,
particularly in cases where the cancer is hormone receptor-positive and
confined to the uterus.



e Progestin therapy, using synthetic progesterone-like drugs such as
medroxyprogesterone acetate (MPA) or megestrol acetate, is commonly
used to treat low-grade endometrial cancers or as adjuvant therapy
following surgery or radiation.

e Progestins exert anti-proliferative effects on the endometrium, inducing
apoptosis and inhibiting estrogen-driven growth.

4. Side Effects:

e Hormonal therapy may cause side effects related to hormone deprivation
or interference with hormone signaling. These can include hot flashes,
fatigue, osteoporosis, mood changes, sexual dysfunction, and in some
cases, an increased risk of cardiovascular disease or thromboembolic
events.

o Patient counseling and supportive care measures are essential to manage
side effects and optimize treatment adherence and quality of life.

5. Resistance and Alternative Strategies:

e Resistance to hormonal therapy can develop over time, leading to disease
progression. Resistance mechanisms may involve alterations in hormone
receptor expression or signaling pathways, tumor heterogeneity, or
adaptation of cancer cells to hormone deprivation.

e Research is ongoing to identify strategies to overcome hormonal therapy
resistance, including combination therapies with other targeted agents,
immunotherapy, or novel hormone receptor modulators.

In summary, hormonal therapy is a valuable treatment option for hormone-sensitive
cancers such as breast, prostate, and endometrial cancers. It works by altering hormone
levels or blocking hormone receptors to inhibit cancer cell growth and proliferation.
While hormonal therapy can be highly effective, careful patient selection, monitoring,
and management of side effects are essential for optimizing treatment outcomes.

1. Interplay Between Hormonal Therapy and Immune Response:

o Emerging evidence suggests that hormonal therapy can modulate the
immune response in cancer.

e Hormonal therapy may enhance the anti-tumor immune response by
reducing tumor burden and altering the tumor microenvironment,
making it more susceptible to immune-mediated destruction.

e Additionally, hormonal therapy may influence immune checkpoint
expression and immune cell infiltration within the tumor, potentially
enhancing the efficacy of immunotherapy in hormone-sensitive cancers.



2.

Combination Therapy:

e There is growing interest in combining hormonal therapy with
immunotherapy to improve treatment outcomes in hormone-sensitive
cancers.

e Preclinical and clinical studies are investigating the synergistic effects of
hormonal therapy and immunotherapy, with the goal of enhancing anti-
tumor immunity and overcoming resistance mechanisms.

e Combination approaches may involve sequential or concurrent
administration of hormonal therapy and immunotherapy, tailored to the
specific characteristics of the tumor and patient.

Overall, understanding the complex interplay between hormonal therapy and the
immune response is essential for optimizing cancer treatment strategies and improving
patient outcomes. Further research is needed to elucidate the mechanisms underlying
this interaction and identify optimal combination approaches for different cancer types.

Probable Questions:

1.
2.

10.

How does the immune system recognize and respond to cancer cells?

What are the main components of the immune response against cancer, including
innate and adaptive immunity?

Can you explain the concept of cancer immunosurveillance and its role in
preventing tumor formation?

What are the mechanisms by which tumors evade immune detection and
destruction?

How do immune checkpoint inhibitors work, and what types of cancers are they
used to treat?

What are the key immune checkpoints targeted in cancer therapy, such as PD-1,
PD-L1, and CTLA-4?

Can you describe the process of chimeric antigen receptor (CAR) T-cell therapy
and its applications in cancer treatment?

How do cancer vaccines stimulate the immune system to target cancer cells, and
what types of cancer vaccines are currently under investigation?

What is the role of tumor-infiltrating lymphocytes (TILs) in cancer prognosis and
response to therapy?

How does the gut microbiome influence the efficacy of cancer immunotherapy,
and what are the potential implications for treatment?



Suggested Literature:

1.
2.

Vertebrate endocrinology-Norris DO. Elsevier academic press (latest edition).

Basic endocrinology, an interactive approach-Neal JM. Blackwell Science (latest
edition).

. Endocrine physiology-Molina PE. McGraw Hill Lange (latest edition).

Medical immunology-VirellaG. Informa Health care (latest edition).

. Immunology-Kindt T], Goldsby RA, Osborne BA &Kuby J]. WH Freeman & Co.



UnitV

Neuroendocrine regulation of immune system; Stress hormones and

immune responses; Melatonin

Objective: In this unit we will discuss about Neuroendocrine regulation of immune
system; Stress hormones and immune responses; Melatonin

Stress hormones and immune responses

The neuroendocrine system and the immune system are interconnected and
communicate bidirectionally through various pathways, allowing for the regulation of
immune responses by neuroendocrine factors. This communication network, often
referred to as neuroendocrine-immune axis, plays a crucial role in maintaining immune
homeostasis and orchestrating immune responses to various challenges, including
infections, inflammation, and stress. Here's an overview of the neuroendocrine regulation
of the immune system:

1. Hypothalamic-Pituitary-Adrenal (HPA) Axis:

The HPA axis is a major neuroendocrine pathway involved in the stress
response and immune regulation.

In response to stress or immune activation, the hypothalamus releases
corticotropin-releasing hormone (CRH), which stimulates the anterior
pituitary gland to produce adrenocorticotropic hormone (ACTH).

ACTH, in turn, stimulates the adrenal glands to release glucocorticoids,
such as cortisol, which have potent immunomodulatory effects.

Glucocorticoids exert anti-inflammatory and immunosuppressive effects
by inhibiting the production of pro-inflammatory cytokines, reducing
immune cell proliferation and trafficking, and promoting apoptosis of
immune cells.

2. Sympathetic Nervous System (SNS):

The sympathetic nervous system, part of the autonomic nervous system,
regulates immune responses through the release of neurotransmitters
such as norepinephrine (noradrenaline).

Norepinephrine can modulate immune cell function by binding to
adrenergic receptors expressed on immune cells, including T cells, B cells,
macrophages, and dendritic cells.

Activation of adrenergic receptors can influence immune cell trafficking,
cytokine production, and immune cell activation, leading to either
enhancement or suppression of immune responses depending on the
context.



3. Parasympathetic Nervous System:

e The parasympathetic nervous system, another branch of the autonomic
nervous system, also contributes to immune regulation, primarily through
the release of acetylcholine.

e Acetylcholine binds to nicotinic and muscarinic receptors expressed on
immune cells, modulating their function and activity.

o Parasympathetic nervous system activity has been associated with anti-
inflammatory effects, promoting regulatory T cell function and dampening
pro-inflammatory cytokine production.

4. Neuropeptides and Neurotransmitters:

e Various neuropeptides and neurotransmitters produced by the nervous
system, including substance P, neuropeptide Y, and vasoactive intestinal
peptide (VIP), can influence immune cell function and cytokine production.

e These neuroendocrine factors can act directly on immune cells by binding
to specific receptors expressed on their surface, thereby modulating
immune responses.

5. Circadian Rhythms:

e Circadian rhythms, regulated by the master circadian clock in the
suprachiasmatic nucleus of the hypothalamus, influence immune cell
function and susceptibility to infection.

e Immune cells exhibit circadian variations in their numbers, activity, and
cytokine production, which are coordinated by neuroendocrine signals and
environmental cues such as light-dark cycles.

6. Psychoneuroimmunology:

e The interdisciplinary field of psychoneuroimmunology investigates the
interactions between psychological factors, the nervous system, and the
immune system, and their impact on health and disease.

e Psychological stress, mood disorders, and social factors can modulate
immune responses through neuroendocrine pathways, affecting
susceptibility to infections, inflammatory diseases, and autoimmune
conditions.

Overall, the neuroendocrine system exerts profound effects on immune function and
regulation, contributing to the dynamic interplay between the nervous system and the
immune system in health and disease. Understanding the neuroendocrine regulation of
the immune system is essential for elucidating the mechanisms underlying immune
responses and developing novel therapeutic strategies for immune-related disorders.



Stress hormone and immune response

Stress hormones, particularly glucocorticoids such as cortisol, play a significant role in
modulating the immune response. The interaction between stress hormones and the
immune system is complex and bidirectional, with stress hormones exerting both
immunosuppressive and immunoenhancing effects depending on the context. Here's an
overview of how stress hormones influence the immune response:

1. Immunosuppressive Effects:

Inhibition of Inflammation: Glucocorticoids have potent anti-
inflammatory effects and can suppress the production of pro-inflammatory
cytokines such as interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor
necrosis factor-alpha (TNF-a). This dampening of inflammation helps
prevent excessive immune activation and tissue damage.

Inhibition of Immune Cell Function: Glucocorticoids can inhibit the
function of various immune cells, including T cells, B cells, macrophages,
and dendritic cells. They suppress immune cell proliferation, cytokine
production, and antigen presentation, thereby reducing immune responses
to pathogens or other stimuli.

Shift in Immune Cell Distribution: Glucocorticoids can induce the
redistribution of immune cells, causing a decrease in circulating
lymphocytes and an increase in neutrophils. This shift in immune cell
distribution may reflect the mobilization of immune resources to tissues
where they are needed during the stress response.

2. Immunoenhancing Effects:

Enhancement of Innate Immunity: While glucocorticoids primarily exert
immunosuppressive effects, low levels of cortisol can enhance certain
aspects of innate immunity. For example, cortisol can promote the
expression of anti-microbial peptides in epithelial cells and enhance
neutrophil function.

Regulation of Immune Cell Trafficking: Glucocorticoids can influence
immune cell trafficking by altering the expression of adhesion molecules
and chemokine receptors on immune cells and endothelial cells. This
regulation of immune cell migration may facilitate the recruitment of
immune cells to sites of infection or injury.

Resolution of Inflammation: Glucocorticoids play a role in the resolution
of inflammation by promoting the clearance of apoptotic cells and debris
and dampening the production of pro-inflammatory mediators. This anti-
inflammatory resolution phase is essential for tissue repair and restoration
of homeostasis.



3. Stress-Induced Immune Dysregulation:

e Prolonged or chronic stress can dysregulate the immune response, leading
to increased susceptibility to infections, impaired wound healing, and
exacerbation of inflammatory and autoimmune conditions.

e Chronic activation of the stress response can lead to sustained elevation of
glucocorticoid levels, which may contribute to immune dysfunction and
chronic inflammatory states.

e Stress-induced immune dysregulation has been implicated in various
health conditions, including cardiovascular disease, autoimmune
disorders, mood disorders, and neurodegenerative diseases.

4. Individual Differences and Context Dependency:

e The effects of stress hormones on the immune response can vary
depending on individual differences, such as genetics, age, sex, and health
status.

e Additionally, the context in which stress occurs, as well as the duration and
intensity of the stressor, can influence the immune response to stress
hormones.

In summary, stress hormones such as cortisol exert complex effects on the immune
response, with both immunosuppressive and immunoenhancing effects depending on the
context. Understanding the interplay between stress hormones and the immune system
is crucial for elucidating the mechanisms underlying stress-related immune
dysregulation and developing strategies to mitigate the impact of stress on health and
disease

Melatonin

Melatonin is a hormone synthesized and secreted primarily by the pineal gland in
response to darkness, serving as a regulator of the sleep-wake cycle and various
physiological functions. Here's an overview of its chemical nature, biosynthesis, and
functions:

1. Chemical Nature:

e Melatonin, chemically known as N-acetyl-5-methoxytryptamine, is derived
from the amino acid tryptophan through a series of enzymatic reactions.

e Structurally, melatonin is a derivative of serotonin, with an additional
acetyl and methyl group attached to the indole ring.

e Melatonin is a small, lipophilic molecule that can easily cross cell
membranes, including the blood-brain barrier, allowing it to exert effects
throughout the body.



2. Biosynthesis:

The synthesis of melatonin primarily occurs in the pineal gland, a small
endocrine gland located in the brain.

The synthesis of melatonin is regulated by the circadian rhythm and is
influenced by light exposure to the retina. Darkness stimulates the
production of melatonin, while light inhibits its synthesis.

The biosynthesis of melatonin begins with the uptake of tryptophan from
the bloodstream into pinealocytes, where it is converted into serotonin
through the action of the enzyme tryptophan hydroxylase.

Serotonin is then converted into melatonin through a series of enzymatic
reactions involving serotonin-N-acetyltransferase = (SNAT) and
acetylserotonin-O-methyltransferase (ASMT).

The synthesis of melatonin peaks during the night and declines during
daylight hours, reflecting the body's internal clock and the light-dark cycle.

3. Functions:

Regulation of Sleep-Wake Cycle: Melatonin plays a central role in
regulating the sleep-wake cycle, also known as the circadian rhythm.
Melatonin levels rise in the evening, signaling the body that it is time to
sleep, and decline in the morning, promoting wakefulness.

Antioxidant and Cytoprotective Effects: Melatonin exhibits potent
antioxidant properties, scavenging free radicals and protecting cells from
oxidative stress-induced damage. It also enhances the activity of
antioxidant enzymes and maintains redox homeostasis.

Regulation of Reproductive Hormones: Melatonin influences the
secretion of reproductive hormones such as luteinizing hormone (LH) and
follicle-stimulating hormone (FSH), which play key roles in reproductive
function and fertility.

Immune Modulation: Melatonin has immunomodulatory effects,
regulating immune cell function, cytokine production, and inflammatory
responses. It enhances immune surveillance and may help regulate
immune balance.

Regulation of Mood and Behavior: Melatonin has been implicated in
mood regulation, anxiety, and depressive disorders. It may also influence
cognitive function and memory.

Regulation of Circadian Rhythms in Peripheral Tissues: In addition to
its role in regulating the central circadian clock, melatonin helps
synchronize peripheral clocks in various tissues, coordinating
physiological processes with the light-dark cycle.
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Clinical Applications:

e Melatonin supplements are commonly used to alleviate sleep disturbances,
such as insomnia, jet lag, and shift work sleep disorder. They are also used
to regulate sleep patterns in individuals with circadian rhythm disorders.

e Melatonin has been investigated for its potential therapeutic effects in
various conditions, including neurodegenerative diseases, cardiovascular
disorders, mood disorders, and cancer. However, further research is
needed to elucidate its efficacy and safety in these contexts.

In summary, melatonin is a multifunctional hormone with diverse physiological roles,
including regulation of the sleep-wake cycle, antioxidant and cytoprotective effects,
modulation of reproductive hormones and immune function, and regulation of mood and
behavior. Its biosynthesis is regulated by the circadian rhythm and influenced by light
exposure, and disruptions in melatonin levels can have implications for health and well-

being.

Probable questions:

1.

How does the nervous system communicate with the immune system, and what
are the main neurotransmitters involved in this communication?

Can you explain the concept of neuroimmunomodulation and its implications for
health and disease?

What are the key components of the neuroendocrine system involved in
regulating immune function, such as the hypothalamic-pituitary-adrenal (HPA)
axis and the sympathetic nervous system?

How do stress hormones, such as cortisol and catecholamines, influence immune
responses and inflammation?

What is the role of neuropeptides, such as substance P and neuropeptide Y, in
modulating immune cell activity and cytokine production?

Can you describe the concept of the brain-immune axis and its relevance to
neuroendocrine regulation of the immune system?

How do circadian rhythms and sleep patterns affect immune function, and what
are the underlying mechanisms?

What are some examples of neuroendocrine disorders or dysregulations that can
impact immune health?

How do psychosocial factors, such as stress, social support, and mood, influence
immune responses and susceptibility to infection?

10. What therapeutic strategies are being explored to target the neuroendocrine

regulation of the immune system for the treatment of immune-related disorders
or enhancement of vaccine responses?



11. Write down the process of biosynthesis of melatonin.

Suggested Literature:

1.
2.

Vertebrate endocrinology-Norris DO. Elsevier academic press (latest edition).

Basic endocrinology, an interactive approach-Neal JM. Blackwell Science
(latest edition).

Endocrine physiology-Molina PE. McGraw Hill Lange (latest edition).
Medical immunology-VirellaG. Informa Health care (latest edition).

Immunology-Kindt TJ, Goldsby RA, Osborne BA &Kuby J. WH Freeman & Co



Unit VI

Neuroendocrine disorders; genetic versus environmental cause

Objective: In this unit we will discuss about Neuroendocrine disorders; genetic versus
environmental cause.

Neuroendocrine disorders encompass a wide range of conditions that involve
dysfunction of the endocrine system, particularly those influenced by the nervous system.
These disorders can affect various organs and systems in the body and may result from
abnormalities in hormone production, release, or responsiveness. Here's an overview of
some common neuroendocrine disorders:

1. Hypothyroidism and Hyperthyroidism:

Hypothyroidism: This condition occurs when the thyroid gland fails to
produce sufficient thyroid hormones, leading to symptoms such as fatigue,
weight gain, cold intolerance, and depression.

Hyperthyroidism: In contrast, hyperthyroidism is characterized by
excessive production of thyroid hormones, resulting in symptoms such as
weight loss, heat intolerance, palpitations, and anxiety.

2. Diabetes Mellitus:

Diabetes mellitus is a metabolic disorder characterized by elevated blood
glucose levels due to insufficient insulin production (Type 1 diabetes),
impaired insulin secretion, or insulin resistance (Type 2 diabetes).
Complications of diabetes can affect multiple organ systems and include
neuropathy, nephropathy, retinopathy, and cardiovascular disease.

3. Adrenal Disorders:

Cushing's Syndrome: Cushing's syndrome results from chronic exposure
to high levels of cortisol, either due to excessive production by the adrenal
glands (Cushing's disease) or exogenous administration of glucocorticoids.
Symptoms may include weight gain, central obesity, hypertension, glucose
intolerance, and mood disturbances.

Addison's Disease: Addison's disease occurs when the adrenal glands fail
to produce adequate amounts of cortisol and aldosterone. Symptoms may
include fatigue, weight loss, hypotension, salt craving, and
hyperpigmentation of the skin.

4. Pituitary Disorders:

Acromegaly and Gigantism: These conditions result from excessive
production of growth hormone (GH) by the pituitary gland, leading to



abnormal growth of tissues and organs. Acromegaly occurs in adults, while
gigantism occurs in children and adolescents.

Prolactinoma: Prolactinomas are benign tumors of the pituitary gland that
secrete prolactin, leading to hyperprolactinemia. Symptoms may include
amenorrhea, galactorrhea, infertility, and sexual dysfunction.

5. Neuroendocrine Tumors (NETSs):

NETSs are a heterogeneous group of tumors that arise from neuroendocrine
cells throughout the body, including the gastrointestinal tract, pancreas,
lungs, and adrenal glands. These tumors can produce hormones and cause
symptoms related to hormone excess or local mass effects.

6. Hypopituitarism:

Hypopituitarism is a condition characterized by deficient production of one
or more pituitary hormones. Common causes include pituitary tumors,
pituitary surgery, radiation therapy, or pituitary infarction. Symptoms
depend on which hormones are deficient and may include fatigue,
hypotension, weight loss, and sexual dysfunction.

7. Multiple Endocrine Neoplasia (MEN) Syndromes:

MEN syndromes are inherited disorders characterized by the development
of tumors in multiple endocrine glands. Types include MEN1 (parathyroid,
pancreatic, and pituitary tumors), MEN2A and MEN2B (medullary thyroid
carcinoma, pheochromocytoma, and parathyroid tumors), and MEN4
(pituitary adenomas).

These are just a few examples of neuroendocrine disorders, and many other conditions
can affect the function of the endocrine system and the nervous system. Management of
neuroendocrine disorders typically involves a multidisciplinary approach, including
medical therapy, surgery, and hormone replacement therapy, depending on the specific
condition and its underlying cause.

Genetic versus environmental causes of neuroendocrine disorders

Neuroendocrine disorders can arise from a combination of genetic and environmental
factors. Here's an overview of the interplay between genetic and environmental causes
in the development of neuroendocrine disorders:

1. Genetic Causes:

Inherited Genetic Mutations: Many neuroendocrine disorders have a
genetic basis, meaning they are caused by mutations or alterations in
specific genes. These mutations can be inherited in an autosomal dominant,
autosomal recessive, X-linked, or mitochondrial manner.

Familial Clustering: Some neuroendocrine disorders have a familial
predisposition, where multiple individuals within a family are affected.
Examples include multiple endocrine neoplasia (MEN) syndromes, which



are inherited in an autosomal dominant pattern and are characterized by
the development of tumors in multiple endocrine glands.

e Spontaneous Mutations: In some cases, genetic mutations can occur
spontaneously (de novo) in an individual without a family history of the
disorder. These sporadic mutations can lead to the development of
neuroendocrine tumors or other disorders.

2. Environmental Causes:

o Exposure to Hormonal Disruptors: Environmental factors such as
exposure to endocrine-disrupting chemicals (EDCs) can interfere with
normal hormone function and contribute to the development of
neuroendocrine disorders. EDCs, including pesticides, plastics, and certain
industrial chemicals, can mimic or block hormone action, leading to
hormonal imbalances and disruption of endocrine function.

o Stress and Psychological Factors: Chronic stress, psychological trauma,
and other psychosocial factors can influence neuroendocrine function and
contribute to the development or exacerbation of neuroendocrine
disorders such as adrenal dysfunction, thyroid disorders, and reproductive
hormone imbalances.

o Diet and Lifestyle Factors: Diet, exercise, and lifestyle choices can impact
neuroendocrine health. Poor dietary habits, sedentary lifestyle, obesity,
and excessive alcohol consumption can increase the risk of metabolic
disorders such as diabetes mellitus, insulin resistance, and dyslipidemia.

o Exposure to Radiation or Toxins: Exposure to ionizing radiation, certain
medications, toxins, or heavy metals can damage endocrine organs such as
the thyroid gland, pituitary gland, or adrenal glands, leading to dysfunction
and the development of neuroendocrine disorders.

3. Gene-Environment Interactions:

e Inmany cases, neuroendocrine disorders result from complex interactions
between genetic susceptibility and environmental exposures. Genetic
predisposition may increase an individual's susceptibility to
environmental factors, or environmental exposures may trigger the
expression of underlying genetic mutations.

o For example, individuals with a genetic predisposition to thyroid disorders
may be more susceptible to the effects of iodine deficiency or exposure to
environmental toxins that disrupt thyroid function.

Overall, neuroendocrine disorders can arise from a combination of genetic susceptibility
and environmental exposures. Understanding the interplay between genetic and
environmental factors is essential for elucidating the underlying mechanisms of these
disorders and developing strategies for prevention and treatment.



Probable questions:

1.

What are neuroendocrine disorders, and what are some examples of conditions
that fall under this category?

Can you explain the role of the hypothalamus and pituitary gland in regulating the
endocrine system?

What are the main types of neuroendocrine hormones, and what functions do they
regulate in the body?

How do neuroendocrine disorders manifest clinically, and what are some common
symptoms?

What are the underlying causes of neuroendocrine disorders, including genetic,
autoimmune, and acquired factors?

Can you describe the diagnostic process for neuroendocrine disorders, including
laboratory tests, imaging studies, and clinical evaluations?

What are the treatment options for neuroendocrine disorders, and how do they
vary depending on the specific condition and underlying cause?

How do neuroendocrine disorders affect various systems in the body, including
metabolism, reproduction, and growth?

What are the potential complications of untreated neuroendocrine disorders, and
how can they impact long-term health?

10. Are there lifestyle modifications or self-care strategies that can help manage

symptoms or improve outcomes for individuals with neuroendocrine disorders?

Suggested Literature:
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2.
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(latest edition).
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Medical immunology-VirellaG. Informa Health care (latest edition).

Immunology-Kindt TJ, Goldsby RA, Osborne BA &Kuby J. WH Freeman & Co
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