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Functions of the Hedgehog signalling pathway
Cell proliferation
Cell cycle regulation
Cell division
Mitogenesis
angiogenesis
Differentiation of cells and tissues into the brain, heart, muscles, and other systems.
Tissue polarity of the embryo
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glossary

(Macarulla Mercade et al., 2024)

Cell proliferation – The increased growth/number of cells

Cell division - The process in which the parental cell divides into two daughter cells where
the nucleus and contents in the cytoplasm are equally divided (Ong and Torres, 2019).

Angiogenesis - The production of new blood vessels for cells to receive the nutrients to function.

Differentiation – Changes to cell shape and function when unspecialized cells become
specialized for specific functions.

Tissue polarity - The uneven distribution of proteins, and organelles (parts of a cell) in different
forms. It is important in how cells divide, develop, and differentiate to form tissues. (Nelson, 2003).

Embryo - The early phase of growth and development in mammals.
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wHAT IS A HEDGEHOG?

Sonic Hh [SHh]: nerve cells and limbs
where they are commonly found.

 Indian Hh [IHh]: skeletal development
especially ossification of echondrocytes.

Desert Hh [DHh]): gonads, granulosa
cells of ovaries, Sertoli cells of testis.

Hedgehog is a ligand and there are three main types of Hedgehog ligands that activate
Hedgehog signalling but vary in the transcription of the target genes:

(Davis, 2024; Shen et al., 2024; Carballo et al., 2018;
Akyala and Peppelenbosch, 2018)

Farah With Me Cancer Project is part of Farah Saeed Trust, a voluntary organisation that aims to inspire, educate and
help others. Farah With Me aims to raise public awareness on cancer through virtual and in-person event.  World
Cancer Research Day is not affliiated with FST, however, FST enjoys partaking in its annual research initiatives.

Nerve
cells

Bone

TesticlesTesticlesOvary

Female reproductive
system

Male reproductive
system



Echondrocytes - It is found in connective tissue such as the cartilage tissue and it produces growth
factors and enzymes that regulate the production of the extracellular matrix. They are originally
found inside the bone (bone marrow). Cartilage is needed to protect movements in the joint. There
is limited to do if the liver is damaged. (Chen et al. 2021)
Gonads – Male and female reproductive systems that produce the sex cells. 
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Granulosa cells of ovaries - It is found in the female reproductive system where it functions in
producing the hormones, follicular development (maturation of the egg cell), and in the release
of the egg(ovulation) to fertilize with the male sex cell (Cleveland Clinic, 2022).
Gene - A hereditary unit and a short section of DNA help determine the characteristics of an
organism.
Ligand - A signaling molecule that can commonly bind to a receptor or an enzyme.
Sertoli cells of testis – Cells found in the walls of the testis, particularly in loop-shaped
structures called seminiferous tubules.
Transcription - The process of using DNA as a template to make the single strand of nucleotide
called ribonucleic acid (RNA)..
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An overview of the hedgehog signalling pathway
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The Hedgehog Ligand (Sonic, Indian, or Desert
Hedgehog) joins with its specific receptor; Patched-1

receptor.

Another receptor called Smoothened receptor (Smo)  is
activated in response to the Hedgehog-Patched1 binding.

Smoothened receptor activates the Glioma-associated
oncogene homolog 1 (Gli1) transcription factor.

The activation of Gli1 leads to the transcription of Hedgehog
target genes e.g. GLI1 and Patched-1, and other genes that

regulate the cell cycle.

(Van Hoff et al., 2009; Farberg et al., 2024)
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Cell cycle - The process in which cells (plants and animals and other eukaryotic cells) grow
and divide.
Gene - A hereditary unit and a short section of DNA help determine the characteristics of an
organism.
Ligand - A signaling molecule that can commonly bind to a receptor or an enzyme.
Nucleus - It is a structure found within the cell where it contains genetic material to control
the cell.
Oncogene - A gene that has been mutated and when overexpressed, it promotes cancer
growth and progression.
Receptor - A type of protein that can recognize its signaling molecule e.g. A ligand.
Transcription - The process of using DNA as a template to make the single strand of
nucleotide called ribonucleic acid (RNA).
Transcription factor - A protein that helps transcribe genes by affecting the enzyme RNA
polymerase.
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A further insight into the Hedgehog signalling PATHWAY
There are two pathways: canonical and non-canonical.

Canonical pathway – HEDGEHOG ON

(Davis, 2024; Shen et al., 2024; Carballo et al., 2018; Akyala and Peppelenbosch, 2018)
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Canonical pathway – It is a process that has common features in an established or specific manner. However, when a new
feature does not fit or partially fit in the established way is considered as non-canonical pathway (Biosynthesis, 2021)
Cell – The simplest unit of a living organism.
Gene - A hereditary unit and a short section of DNA help determine the characteristics of an organism.
Glioma - cancer of the glial cells that surround the nerve cells in the brain and spinal cord.
G protein-coupled receptors (GPCRS) - They are receptor proteins found on the cell surface. They mediate lots of roles
that are triggered by signals outside the cell, for instance, fat molecules, hormones, small proteins, and
neurotransmitters (chemicals) (Zhang et al. 2023)
Glycoprotein – A protein that is attached to a carbohydrate group.
Homolog – A similar structured protein and its genetic sequence encoding it. It also refers to homology applied between
DIC and vice (Boundless. 2024)
Ligand - A signaling molecule that can commonly bind to a receptor or an enzyme.
Nucleus - It is a structure found within the cell where it contains genetic material to control the cell.
Oncogene - A gene that has been mutated and when overexpressed, it promotes cancer growth and progression.Protein -
A large molecule that is made of amino acids joined together
Proteosome - A structure found in the cell that degrades proteins.
Receptor - A type of A type of protein that can recognize its signaling molecule e.g. A ligand.
Transcription - The process of using DNA as a template to make the single strand of nucleotide called ribonucleic acid
(RNA).
Transcription factor - A protein that helps transcribe genes by affecting the enzyme RNA polymerase.
Transmembrane protein - It is a protein found integral in the membrane where it functions as a receptor, transporter, and
ion channel through the double layer of fat in the membrane to transport molecules and ions across the membrane
(Senju and Suetsugu, 2023).
Vesicles - A small structure or sac filled with fluid or gas and is surrounded with a membrane. Its role is to store and
transport products found in the cells, digest wastes from metabolic reactions (BiologyOnline, 2024)



A further insight into the Hedgehog signalling PATHWAY
Canonical pathway – HEDGEHOG OFF

HedgeHog signalling pathway and cancer 8 of 30

in support of
Innovation in cancer research

drives progress towards health
equity

2024 Campaign

By Dr Hafsa Waseela Abbas

In the absence of Shh ligand, Ptch1
inhibits Smo protein.

Gli protein is phosphorylated and
become Gli repressor (Gli-R)

proteins.

The Gli-R proteins translocate into the nucleus where it
represses all the Hedgehog target genes (stop transcription.

This is known as graded signalling where the number of 
GLli-R and Gli proteins within a cell is important and

depends on how much Hh protein is produced and genes
expressed.

(Davis, 2024; Shen et al., 2024; Carballo et al., 2018; Akyala and Peppelenbosch, 2018)

glossary
Gene - A hereditary unit
and a short section of DNA
help determine the
characteristics of an
organism.
Ligand - A signaling
molecule that can
commonly bind to a
receptor or an enzyme.
Nucleus - It is a structure
found within the cell
where it contains genetic
material to control the
cell.
Phosphorylation - The
process where a
phosphate group is added
to a molecule.
Protein - A large molecule
that is made of amino
acids joined together.
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how does gli  proteins regulate the CANONICAL hedgehog pathway? 

Gli2 activated (Gli2A) or Gli2 repressor (Gli2R). 

Gli2 activated (Gli3A) or Gli3 repressor (Gli3R). The
transformation from GLI3A to Gli3R helps Gli2 to

function.
Gli1 and Gli2 can be acetylated at the amino acid

residues: lysine 518 and 757, respectively. 

The enzyme histone deacetylase 1
(HDAC1) deacetylates Gli proteins to help

increase transcriptional activation. 

 
The degradation is mediated through an E3

ubiquitin ligase complex.

This activation is turned off by the degradation
of HDAC1, which sustains a positive

autoregulatory loop, when Shh is present. 

 However, when Shh binds to Ptch and activates
Smo – Smo converts Gli3R into an activated form

(Gli3A).

1

2

3

4

5

6

7

8

Gli2A can accumulate to control transcriptional
activation in response to Hedgehog-Ptch1 binding – This

helps overcome negative regulation of Gli3.
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glossary for page 9
Acetylation – the addition of the acetyl group C₂H₃O and this occurs to stabilize proteins, activity of enzymes,
protein-protein interaction, protein-DNA interactions, transcription, and regulate kinase enzyme activity
(Shang, Liu, and Hua, 2022)
Amino acid - The building blocks of proteins. It has a carboxyl group (COOH), and an amine group (NH2),
Between them is a hydrogen atom and an R group (specific side chain).
Protein - A large molecule that is made of amino acids joined together.
Repressor – Negative regulation that occurs in target genes where a transcription factor prevents transcription
by connecting with the DNA.
Transcription - The process of using DNA as a template to make the single strand of nucleotide called
ribonucleic acid (RNA).
Transcription factor - A protein that helps transcribe genes by affecting the enzyme RNA polymerase.
Ubiquitin – a small peptide (short chain of amino acids) binds to proteins that are scheduled to under
proteolysis.
Ubiquitin E3 ligase - It is an enzyme that increases ubiquitination and degradation (Zheng and Shabek, 2017).
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Gli-R proteins are
phosphorylated by

the following
enzymes: 

glycogen synthase kinase 3
beta (GSK3β)

casein kinase I (CK1)

protein kinase A (PKA)

 
 

Gli-R forms remain
in the cytoplasm
by SUFU where it
is then degraded
which prevents

Hedgehog
signalling.

 

Supressor of
Fused (SUFU)
regulation is a

negative
regulator of the
Shh signalling

pathway.

It binds directly
to the Gli

proteins where
SUFU undergoes

hyper
phosphorylation
for Gli-R proteins

to be formed.

This halts their
translocation
to the nucleus

to induce
transcription
of Hedgehog
target genes
e.g Ptch1 and

Gli1 

Gli-R forms as a result of these phosphorylation remain
in the cytoplasm by SUFU where it is then degraded

which prevents Hedgehog signalling.
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negative regulation of the hedgehog CANONICAL pathway

(Teglund and Toftgard, 2010; Carballo et al., 2018)
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Glossary for page 11
Enzyme -  A type of protein that speeds up a chemical reaction.
Gene - A hereditary unit and a short section of DNA help determine the characteristics of an
organism.
Nucleus - It is a structure found within the cell where it contains genetic material to control the
cell.
Phosphorylation - The process where a phosphate group is added to a molecule.
Protein - A large molecule that is made of amino acids joined together.
Repressor – Negative regulation that occurs in target genes where a transcription factor prevents
transcription by connecting with the DNA.
Transcription - The process of using DNA as a template to make the single strand of nucleotide
called ribonucleic acid (RNA).



Farah With Me Cancer Project is part of Farah Saeed Trust, a voluntary organisation that aims to inspire, educate and
help others. Farah With Me aims to raise public awareness on cancer through virtual and in-person event.  World
Cancer Research Day is not affliiated with FST, however, FST enjoys partaking in its annual research initiatives.

HedgeHog signalling pathway and cancer
13 of 30

in support of
Innovation in cancer research

drives progress towards health
equity

2024 Campaign

By Dr Hafsa Waseela Abbas

OTHER KEY REGULATORS THAT
MODULATE the CANONICAL hedgehog

pathway at different levels

Kif7 is an kinesin-4 family protein in vertebrates is a
regulator of the Hedgehog signalling pathway and a
ciliopathy protein localise in the cilium. It limits the
length anf controls the structure of the cilium. The
Gli-SUFU activity to be regulated (He et al., 2014)

Fused (Fu) protein is a regulator of the Hedgehog signalling. It
is a protein kinase that binds to the kinesin protein Costal-2
(Cos2). It is not found in mammalian cells but with Drosophila
in the species D. melanogaster and also in mice but in the
latter known as Stk36 (Wilson et al. 2009; Briscoe and
Thérond, 2013)

Protein kinase C enzyme
· Mitogen activated protein kinase kinase (Mek1),
enzyme.
· Phosphoinositide-3 kinase (PI3K) enzyme
· Yak1-related kinase (DYRK1) enzyme

(Carballo et al., 2018)

GLOSSARY

Cell – The simplest unit of a living organism.

Cilium – They are small hair-like structure found

outside the cell whose role involves movement of

the cell..

Drosophilia – Type of fruit fly

Enzyme - A type of protein that speeds up a

chemical reaction.

Kinesin - A motor protein found in proteins in the

cytoskeleton where it functions in movement,

transport, shape, and cell division (Ali and Zhang,

2020).

Protein - A large molecule that is made of amino

acids joined together.

Vertebrates – Animals with a backbone.
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A further insight into the Hedgehog signalling PATHWAY
There are two pathways: canonical and non-canonical.

Non-Canonical pathway - They do not depend on Gli proteins and have two types of pathways
(Davis, 2024; Shen et al., 2024; Carballo et al., 2018; Akyala and Peppelenbosch, 2018)

Aim: It modulates calcium ions (Ca2+ and the actin cytoskeleton
via Smo protein
1.      The Hedgehog ligand binds to the Patch receptor.
2.      Smo protein is not inhibited.
3.      Smo protein connected with G-proteins (Gi) 
4.      Small GTPase enzymes, RhoA and Rac1 are activated
causing a Warburg effect.
5.      Smo protein stimulates calcium ions from a structure called
endoplasmic reticulum.
6.      The enzyme Phospholipase C (PLC-γ) catalyses the opening
of channels by forming the chemical inositol triphosphate (IP3).
7.      The α-tubulin undergoes acetylation by the calcium ions.
This functions in chemotaxis and cell migration

It does not rely on Smo

protein.

1.

Cyclin B1 interaction with

Ptch is stopped when the

Hedgehog ligand binds with

Ptch instead. 

2.

This causes an increase in cell

proliferation and survival.

3.

TYPE 1 TYPE 2



Farah With Me Cancer Project is part of Farah Saeed Trust, a voluntary organisation that aims to inspire, educate and
help others. Farah With Me aims to raise public awareness on cancer through virtual and in-person event.  World
Cancer Research Day is not affliiated with FST, however, FST enjoys partaking in its annual research initiatives.

HedgeHog signalling pathway and cancer
15 of 30

in support of
Innovation in cancer research

drives progress towards health
equity

2024 Campaign

By Dr Hafsa Waseela Abbas

glossary for page 14
Alpha (α) tubulin – One of the subtypes of the protein tubulin that forms the hollow-shaped protein structures
in the cytoskeleton. It provides support, and transport and helps in how cells grow and divide. It is commonly
overexpressed in the nucleus of cancer cells and resistant to undergo apoptosis (Binarova and Tuszynski).
Cell proliferation – The increased growth/number of cells
Chemotaxis - The movement of different types of cells by chemical gradients outside the cell. Chemotaxis is
needed to recruit white blood cells to the injury site, and development of the nervous system. Improper cell
movement can cause tumor growth, metastasis, and inflammation (Jin, Xu, and Hereld, 2008)
Enzyme -  A type of protein that speeds up a chemical reaction.
Cyclin – A protein that facilitates the cell to go through the cell cycle by binding to a cyclin-dependent kinase.
Cytoskeleton - a structure consisting of three proteins – microtubules, actin of intermediate filaments.
Endoplasmic reticulum - A network of membranes in the cell’s cytoplasm that create fluid-filled tubules. It is
where proteins are made, transported, and folded. It is also involved in producing fat and carbohydrate
metabolism. (Schwarz and Blower, 2016)
G proteins – a protein found inside the cell where it can bind to two molecules guanosine triphosphate (GTP)
and guanosine diphosphate (GDP) that participate in cell signaling
Ligand - A signaling molecule that can commonly bind to a receptor or an enzyme.
Protein - A large molecule that is made of amino acids joined together.
Receptor - A type of protein that can recognize its signaling molecule e.g. A ligand.
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cross talk between canonical and non-canonical
pathways

A protein called Intraflagellar transport
protein 80 (IFT80) promotes Hh canonical

signaling.
How?

It activates Hedgehog-Smoothened-Patch1-
Glioma-associated oncogene homolog 1 (Hh-

Smo-Ptch1-Gli) signaling pathway during
osteoblasts (OBs) differentiation. 

(Davis, 2024; Shen et al., 2024; Carballo et al., 2018; Akyala and Peppelenbosch, 2018)

There is also evidence of Cross-talk with other pathways like transforming growth factor
beta (TGFßs), Wnt, Notch and Shh.

Non-canonical Hedgehog (Hh)
negatively regulates OB differentiation. 

How?
It is inhibited via the Hedgehog-

Smoothened-Gprotein-Ras homolog
family member A (Hh-Smo-Gαi-RhoA)

signalling pathway.
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glossary for page 16
Canonical pathway – It is a process that has common features in an established or
specific manner. However, when a new feature does not fit or partially fit in the
established way is considered as non-canonical pathway (Biosynthesis, 2021)
Differentiation – Changes to cell shape and function when unspecialized cells become
specialized for specific functions.
Homolog – A similar structured protein and its genetic sequence encoding it. It also
refers to homology applied between DIC and vice (Boundless. 2024)
Oncogene - A gene that has been mutated and when overexpressed, it promotes cancer
growth and progression.
Osteoblasts – The type of cells that produce bone and is found in the early phases of
the baby (embryo)
Protein - A large molecule that is made of amino acids joined together.
Receptor - A type of protein that can recognize its signaling molecule e.g. A ligand.
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mutations in the genes involved in the hedgehog
signalling pathway

Overexpression of the Hedgehog ligand through autocrine or paracrine signalling can cause
cancer

Mutati.ons can
inhibit tumour
suppressor genes
or increase
transcription of
genes can cause
cancer

Downregulation of Patched
protein suppresses the

transcription of genes in cell
growth and development. This
keeps the Hedgehog signalling

pathway to continuously
function causing cancer cell

growth and progression.

 
 Gain of function
mutations e.g.
Smoothened
protein. This lead
to dysregulation of
canonical pathway
and continuous
proliferation .

(Idriss, Stull and Migden, 2024; Hoff et al., 2009; Athar et al., 2014). 

Example 1 Example 2
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glossary for page 18
Canonical pathway – It is a process that has common features in an established or
specific manner. However, when a new feature does not fit or partially fit in the
established way is considered as non-canonical pathway (Biosynthesis, 2021)
Cell proliferation – The increased growth/number of cells
Gene - A hereditary unit and a short section of DNA help determine the
characteristics of an organism.
Protein - A large molecule that is made of amino acids joined together.
Mutation - A random change in the DNA that affects that particular gene or
chromosome.
Transcription - The process of using DNA as a template to make the single strand of
nucleotide called ribonucleic acid (RNA).
Tumour suppressor - A gene that encodes a protein to stop cancer growth.
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dysregulated hedgehog
signalling pathway

Types of
sporadic
cancers

Prostate
cancer

Breast
cancer

Colon cancer
(large

intestine)

Cancer of
the

ovaries

Small
cell lung

carcinoma

Medullo-
blastoma

(Idriss, Stull and Migden, 2024; Hoff et al., 2009; Athar et al., 2014). 

Medulloblastoma -  A form of brain cancer that
arises in the cerebellum that functions in movement
and balance. It is a malignant form that commonly
occurs during childhood.
Small cell lung carcinoma - small oval-shaped
cancer cells with dark nuclei. It is found in the lungs
commonly caused by smoking and can aggressively
grow (National Cancer Institute, n.d).
Sporadic cancers - They are are cancers that are
neither hereditary nor have a family history that has
mutated-gene caused cancer nor increased risk.

Glossary
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Gastric
cancer

(Stomach)

Pancreatic
cancer

Brain
 cancer

Basal cell
carcinoma

(skin)

Types of genes that encode Hedgehog signalling molecules namely, Single nucleotide
polymorphism (SNP) and copy number polymorphism (CNP) for genetic screening. 

Hedgehog signalling switch hypoxia-induced cancer cells in the epithelial to mesenchymal
transition which causes the cancer cells to invade the area.

It is a global risk where there is 20-30% incidence (Cameron et al., 2019). It has several risk factors including genetic
syndromes e.g. Gorlin, Rombo and Bazex-Dupré-Christol syndromes (Goldenberg et al., 2016). One of its main types is
locally advanced BCC where overactivation of Sonic Hedgehof pathways can drive and cause it.

Transcriptomic studies correlate between PTCH1 and GLI1 mRNA expression. The expression of GLI1 mRNA varied in the Glioblastoma
patients (Carballo et al., 2018). 
Inflammatory cytokines, growth factors and proteins activate Hedgehog signalling pathway promoting glioblastoma cells (Shen et al.,
2024)
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Cell – The simplest unit of a living organism.

Copy number polymorphism - Repeated sequences/patterns of genes. They vary in function - some have no defined roles

whilst others experience change in shape, changes in metabolism nand increase risk of infection. and contribute to genetic

syndromes or disorders. 

Cytokines – proteins that function in nonspecific and specific immune defenses providing chemical communication that

synchronizes immune responses.

Epithelial–mesenchymal transition (EMT) – single layer of cells (epithelial cells) have characteristics of mesenchymal cells

(Manfioletti and Fedele, 2022). Mesenchymal cells are small cells that can differentiate into cells that produce connective

tissue, for instance, osteoblasts (bone), preadipocytes (fat), fibroblasts, and chondroblasts (cartilage) (Sendic, 2023)

Gene - A hereditary unit and a short section of DNA help determine the characteristics of an organism.

Glioblastoma - An aggressive form of cancer that arises from non-nerve cells called glial cells in the brain

Single nucleotide polymorphism - A difference in the DNA sequence caused by a single base. There are four bases found in

DNA: Adenine Guanosine, Thymine and Cytosine.

Polymorphism - the presence of two or more changes of a particular DNA sequence that vary from person to person

Transcriptomic - It consists of a small percentage of the sequence that has been transcribed into RNA molecules. This is

commonly less than 5% in humans. People can discover which genes are on or off in normal and cancer cells (Adams, 2008)
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A small molecule (Robotnikinin) binds to the Hedgehog ligand – preventing its activation
(Macarulla Mercade et al. 2024). 
Effects: Disrupt tumour microenvironment and increase efficacy of chemotherapy.
Gli inhibitors prevent transcription induced by Gli (Macarulla Mercade et al. 2024)

Advanced BCC are commonly prescribed Sonidegib and Vismodegib as first line of treatment
(Niebel et al. 2020; Clinical Trials, 2024)

Other Hedgehog inhibitors investigated are:
Patidegib (saridegib, IPI-926)

Taladegib (LY2940680, ENV-101)  - its an SMO antagonist (inhibits the function of SMO) in basal
cell carcinoma which showed partial or complex response in 46.8% of patients at 10.2 months.

       The subsequent trial aims to study patients with refractory advanced solid tumors and 
        Patched-1 loss-of-function mutations. 

Itraconazole: A medication used against fungi where it has also shown to suppress tumour
growth by evading the Hedgehog signaling pathway and angiogenesis. (Farberg et al., 2020;
Deng et al. 2020)
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Angiogenesis - The production of new blood vessels for cells to receive the nutrients to function.
Chemotherapy – Chemicals used to treat cancer
Ligand - A signaling molecule that can commonly bind to a receptor or an enzyme.
Mutation - A random change in the DNA that affects that particular gene or chromosome.
Refractory – Not responsive or communicable.
Tumour microenvironment - It is made of non-malignant cells (do not spread or are non-harmful) that
interact with one another or with cancer cells. This can influence cancer progression and treatment
response.
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Recent studies discovered that inhibiting Smo proteins can promote tumour growth by evading
Hedgehog signalling by activating the RAS/MAPK pathway (Mohan et al 2016).

Side effects are common with hedgehog inhibitors which lead to discontinuation e.g.:
Muscle spasms - fixed movement that is performed unwillingly/independently/involuntary
Alopecia - loss of hair
Weight Loss
Dysguesia - loss a sense of taste

One of the strategies to overcome the adverse effects in basal cell carcinoma is switching from
vismodegib to sonidegib (± itraconazole) treatment (Di Raimondo et al. 2022).

Another strategy is through switching itraconazole to vismodegib (Zargari, Azimi and
Geranmayeh, 2017)

The PD-1 inhibitor, Cemiplimab immunotherapy would be applied in patient cases where they
could not tolerate hedgehog inhibitors. It was shown good safety and clinical efficacy but limited
use to lower risk of tumour resistance and side effects (Idriss, Stull and Midgen, 2024)
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recent development in therapy

Adverse events - Side effects
that occur expectedly or
unexpectedly in response to a
medical event or
pharmaceutical product.
Efficacys - Side effects that
occur expectedly or
unexpectedly in response to a
medical event or
pharmaceutical product.

GLOSSARY



HedgeHog signalling pathway and cancer
26 of 30

in support of
Innovation in cancer research

drives progress towards health
equity

2024 Campaign

By Dr Hafsa Waseela Abbas

reference list
‌Adams, J. (2008) ‘Transcriptome: connecting the genome to gene function.’ Nature Education 1(1):195

Akyala, A.I. and Peppelenbosch, M.P (2018) ‘Gastric cancer and Hedgehog signaling pathway: emerging new

paradigms.’ Genes Cancer, 9(1-2), pp. 1-10. 

Ali, I. and Yang, W.-C. (2020). ‘The functions of kinesin and kinesin-related proteins in eukaryotes.’ Cell Adhesion &

Migration, 14(1), pp.139–152. 

Athar, M., Li, C., Kim, A.L., Spiegelman, V.S. and Bickers, D.R. (2014). ‘Sonic Hedgehog Signaling in Basal Cell Nevus

Syndrome.’ Cancer Research, 74(18), pp.4967–4975. 

Biologyonline (2023) Vesicles. Available at: https://www.biologyonline.com/dictionary/vesicle (Accessed 9th

September 2024)

Biosynthesis (2021) ‘What does "canonical" mean in biology?.’ Available at: https://www.biosyn.com/faq/What-

does-%22canonical%22-mean-in-

biology.aspx#!#:~:text=In%20general%2C%20canonical%20in%20biological%20research%20refers%20to,canoni

cal%20model%2C%20it%20is%20referred%20to%20a%20non-canonical . (Accessed: 9th September 2024)

 Binarová, P. and Tuszynski, J. (2019). ‘Tubulin: Structure, Functions and Roles in Disease.’ Cells, 8(10).

Boundless (2024) 7.13C: Homologs, Orthologs, and Paralogs. Available at:

https://bio.libretexts.org/Bookshelves/Microbiology/Microbiology_(Boundless)/07%3A_Microbial_Genetics/7.13%

3A_Bioinformatics/7.13C%3A_Homologs_Orthologs_and_Paralogs (Accessed: 9TH September 2024)

Briscoe, J. and Thérond, P.P. (2013). ‘The mechanisms of Hedgehog signalling and its roles in development and

disease.’ Nature Reviews Molecular Cell Biology, 14(7), pp.416–429. 



HedgeHog signalling pathway and cancer
27 of 30

in support of
Innovation in cancer research

drives progress towards health
equity

2024 Campaign

By Dr Hafsa Waseela Abbas
reference list

Cameron, M.C., Lee, E., Hibler, B.P., Giordano, C.N., Barker, C.A., Mori, S., Cordova, M., Nehal, K.S. and Rossi, A.M.

(2019). ‘Basal cell carcinoma.’ Journal of the American Academy of Dermatology, 80(2), pp.321–339.

Carballo, G.B., Honorato, J.R., de Lopes, G.P.F. and Spohr, T.C.L. de S. e (2018). ‘A highlight on Sonic hedgehog

pathway.’ Cell Communication and Signaling, 16(1). 

Chen, H., Tan, X.-N., Hu, S., Liu, R.-Q., Peng, L.-H., Li, Y.-M. and Wu, P. (2021). ‘Molecular Mechanisms of Chondrocyte

Proliferation and Differentiation.’ Frontiers in Cell and Developmental Biology, 9, p.664168. 

‌Cleveland Clinic (2022) Granulosa Cells. Available at: https://my.clevelandclinic.org/health/body/22528-granulosa-

cells (Accessed: 7th September 2024)

ClinicalTrials.gov (2024) A study to evaluate neoadjuvant sonidegib followed by surgery or imiquimod in the

management of basal cell carcinoma (SONIB). [Accessed: 5th March 2024)

Davis, J. (2024) What is the Hedgehog Signaling Pathway? Available at: https://www.news-medical.net/life-

sciences/What-is-the-Hedgehog-Signaling-Pathway.aspx (Accessed: 7th September 2024)

Deng, H., Huang, L., Liao, Z., Liu, M., Li, Q. and Xu, R. (2020). ‘Itraconazole inhibits the Hedgehog signaling pathway

thereby inducing autophagy-mediated apoptosis of colon cancer cells.’ Cell Death & Disease, 11(7).

doi:https://doi.org/10.1038/s41419-020-02742-0.

Di Raimondo C, Petruzzellis A, Maramao FS, Lombardo P, Lozzi F, Campione E and Bianchi L (2022). ‘Re-Challenge with

Sonidegib after Vismodegib Discontinuation in a Near- Centenarian Patient with Locally Advanced Basal Cell

Carcinoma.’ Archives of Clinical and Medical Case Reports, 06(05). 



HedgeHog signalling pathway and cancer
28 of 30

in support of
Innovation in cancer research

drives progress towards health
equity

2024 Campaign

By Dr Hafsa Waseela Abbas
reference list

Farberg, A.S., Portela, D., Sharma, D. and Meenal Kheterpal (2024). ‘Evaluation of the Tolerability of Hedgehog Pathway

Inhibitors in the Treatment of Advanced Basal Cell Carcinoma: A Narrative Review of Treatment Strategies.’ American

Journal of Clinical Dermatology. 25, pp. 779–794.

Goldenberg, G., Karagiannis, T., Palmer, J.B., Lotya, J., O’Neill, C., Kisa, R., Herrera, V. and Siegel, D.M. (2016). ‘Incidence

and prevalence of basal cell carcinoma (BCC) and locally advanced BCC (LABCC) in a large commercially insured

population in the United States: A retrospective cohort study.’ Journal of the American Academy of Dermatology,

75(5), pp.957-966.e2. ‌

Idriss, M.H., Stull, C.M. and Migden, M.R. (2024). ‘Treatments on the horizon for locally advanced basal cell carcinoma.’

Cancer Letters, 589, pp.216821–216821. ‌

n, T., Xu, X. and Hereld, D. (2008). ‘Chemotaxis, chemokine receptors and human disease.’ Cytokine, 44(1), pp.1–8. ‌

Karunaraj, P., Tidswell, O., Duncan, E.J., Lovegrove, M.R., Jefferies, G., Johnson, T.K., Beck, C.W. and Dearden, P.K.

(2022). Noggin proteins are multifunctional extracellular regulators of cell signaling. Genetics, 221(1), p.iyac049. 

Liberti, M.V. and Locasale, J.W. (2016). ‘The Warburg Effect: How Does it Benefit Cancer Cells?’ Trends in Biochemical

Sciences, 41(3), pp.211–218. ‌

Macarulla Mercade, T., McAndrews, K., Pazo Cid, R.A., Rodriguez, L.M., Gil-Negrete, A., Rivera Herrero, F., Varela Pose,

V., Martín-Muñoz, A., Ruiz-Heredia, Y., Kalluri, R., and Hidalgo, M. (2024) ‘331P - Phase Ib/IIa study to evaluate safety

and efficacy of priming treatment with the hedgehog inhibitor NLM-001 prior to gemcitabine and nab-paclitaxel plus

zalifrelimab as first-line treatment in patients with advanced pancreatic cancer: NUMANTIA study.’ Annals of

Oncology 35, (suppl_1).

 



HedgeHog signalling pathway and cancer
29 of 30

in support of
Innovation in cancer research

drives progress towards health
equity

2024 Campaign

By Dr Hafsa Waseela Abbas
reference list
Manfioletti, G. and Fedele, M. (2022). Epithelial-Mesenchymal Transition (EMT) 2021. International Journal of
Molecular Sciences, 23(10), p.5848. 
Mohan, S., Chang, J.C.S., Li, S., Henry, A., Wood, D.L. and Lynn, A. (2016). ‘Increased Risk of Cutaneous Squamous
Cell Carcinoma After Vismodegib Therapy for Basal Cell Carcinoma.’ JAMA Dermatology, 152(5), pp.527–527. 
National Cancer Institute (n.d.) Small cell lung cancer. Available at:
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/small-cell-lung-cancer (Accessed: 7th
September 2024)
Nelson, W.J. (2003) Adaptation of core mechanisms to generate cell polarity. Nature, 422(6933), pp. 766–74
Niebel, D., Sirokay, J., Hoffmann, F., Fröhlich, A., Bieber, T. and Landsberg, J. (2020). ‘Clinical Management of
Locally Advanced Basal-Cell Carcinomas and Future Therapeutic Directions.’ Dermatology and Therapy, 10(4),
pp.835–846. 
‌ Ong, J.Y. and Torres, J.Z. (2019). ‘Dissecting the mechanisms of cell division.’ Journal of Biological Chemistry,
294(30), pp.11382–11390. 
‌Rabelo, A. (2021). ‘Baccharis trimera phytochemicals and the mitochondria.’ Elsevier eBooks, pp.377–393. ‌
Schwarz, D.S. and Blower, M.D. (2015). ‘The endoplasmic reticulum: structure, function and response to cellular
signaling.’ Cellular and Molecular Life Sciences, 73(1), pp.79–94. 
Sendic, G. (2023) Mesenchymal cells. Available at: https://www.kenhub.com/en/library/anatomy/mesecnhymal-
cells (Accessed: 5th September 2024)
Senju, Y. and Suetsugu, S. (2023). ‘Membrane Proteins: Function, Structure, and Dynamics.’ Membranes, 13(12),
p.904. 
S

https://www.cancer.gov/publications/dictionaries/cancer-terms/def/small-cell-lung-cancer
https://www.kenhub.com/en/library/anatomy/mesecnhymal-cells
https://www.kenhub.com/en/library/anatomy/mesecnhymal-cells


HedgeHog signalling pathway and cancer
30 of 30

in support of
Innovation in cancer research

drives progress towards health
equity2024 Campaign

By Dr Hafsa Waseela Abbas

reference list
Zhang, M., Chen, T., Lu, X., Lan, X., Chen, Z. and Lu, S. (2024). G protein-coupled receptors (GPCRs): advances in structures,

mechanisms, and drug discovery. Signal Transduction and Targeted Therapy, 9(1), p.88.

Zheng, N. and Shabek, N. (2017). ‘Ubiquitin Ligases: Structure, Function, and Regulation.’ Annual Review of Biochemistry, 86(1),

pp.129–157. ‌

hang, S., Liu, J. and Hua, F. (2022). ‘Protein acylation: mechanisms, biological functions and therapeutic targets.’ Signal

Transduction and Targeted Therapy, 7(1). 

Shen, D., Xia, Y., Fu, Y., Cao, Q., Chen, W., Zhu, Y., Guo, K. and Sun, L. (2024). ‘Hedgehog pathway and cancer: A new area

(Review).’ Oncology Reports, 52(3).

Teglund, S. and Toftgård, R. (2010). ‘Hedgehog beyond medulloblastoma and basal cell carcinoma.’ Biochimica et Biophysica

Acta (BBA) - Reviews on Cancer, 1805(2), pp.181–208. 

Von Hoff, D.D., LoRusso, P.M., Rudin, C.M., Reddy, J.C., Yauch, R.L., Tibes, R., Weiss, G.J., Borad, M.J., Hann, C.L., Brahmer, J.R.,

Mackey, H.M., Lum, B.L., Darbonne, W.C., Marsters, J.C., de Sauvage, F.J. and Low, J.A. (2009). ‘Inhibition of the hedgehog

pathway in advanced basal-cell carcinoma.’ The New England journal of medicine, 361(12), pp.1164– 72.

‌Wilson, C.W., Nguyen, C.T., Chen, M.-H., Yang, J.-H., Gacayan, R., Huang, J., Chen, J.-N. and Chuang, P.-T. (2009). ‘Fused has

evolved divergent roles in vertebrate Hedgehog signalling and motile ciliogenesis.’ Nature, 459(7243), pp.98–102. 

Zargari, O., Azimi, S.Z. and Geranmayeh, S. (2017). ‘Inoperable infiltrative basal cell carcinoma successfully treated with

vismodegib.’ Dermatologic Therapy, 30(4), p.e12509. 


