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What are the signalling molecules?

As stated in the overview, from the viewpoint of cell signalling
mechanisms, the chemical structures of the molecules are
irrelevant—they are simply molecules of the right shape for
binding by noncovalent bonds to their receptors with great
specificity. Briefly, to illustrate their variety, in chemical terms
they include proteins, large peptides, small peptides, steroids,
eicosanoids (page 242), thyroid hormone, epinephrines, nitric
oxide, and derivatives of vitamins A and D. Examples of the first
five groups respectively are insulin, glucagon, vasopressin, sex
hormones, and prostaglandin.

A biological classification is as follows (nitric oxide being in
a class of its own):

� neurotransmitters;

� hormones;

� growth factors and cytokines; and

� vitamin A and D derivatives.

This classification is important in terms of nomenclature and
physiology, but they are all signalling molecules which bind to
cellular receptors and elicit responses; so that they have basic
roles in common and conceptually are all the same. With that
qualification we will now describe the basis of that classification.

Neurotransmitters

A variety of these are involved in nerve function but we will
mention only a few relevant to our immediate topic. The
sympathetic (involuntary) nervous system, which innervates fat
cell depots for example, secretes epinephrine (adrenaline) and
norepinephrine (noradrenaline) on receipt of a nerve impulse.
Thus, a fat cell may be regulated by epinephrine from the adrenal
glands via the blood (Chapter 16) or from nerve endings. The
difference is that the latter delivery route is faster and the signal
is released precisely at the target cell site. The motor neurons
innervating voluntary striated muscle trigger contraction by
the release of acetylcholine from the nerve endings (page 137).
All of these work by binding to external cell receptors which
usually control the opening of ion channels.

The transmitters are rapidly destroyed to prepare the neurons
for the next impulse.

Hormones

These are the ‘classical’ signalling molecules, most of which
have been known for a long time. They are important both in

Some, like the Ras pathway (see below), involve a chain of pro-
teins; others produce a second messenger, which passes on the
message to other proteins.The second-messenger term (page 261)
is used for a transduction pathway component which is a small
molecule rather than a peptide, but it is still its shape that
matters. It fits to its target component and relays the signal.

With so many signals there have to be different receptors
and signal transduction pathways, just as a telephone system
depends on separate lines to take signals to the correct house.
Variation in the structures of the protein components involved
gives a multiplicity of receptors and pathways.

It adds up to a mind-boggling complexity but fortunately for
our understanding there is a relatively small number of patterns
used for individual receptors and transduction pathways. Thus
the Ras pathway has many protein components and since differ-
ent Ras pathways have variations in individual components of
the pathway there are many possible combinations which can
route signals from different receptors to their correct molecular
destinations.

Organization of this chapter

In the sections that follow, the patterns of receptor design are
presented. First there is the class of intracellular receptors, the
prototype of which is the glucocorticoid-specific one. Then, of
the extracellular receptors, most fall into two main categories—
these are tyrosine kinase receptors and G-protein receptors.
A number of examples of transduction pathways are then given.

The Ras pathway is an ancient highly conserved signalling
pathway present in all animals from fruit flies to humans and is
the prototype of the tyrosine kinase pathways. Its relative, the
JAK/STAT pathway, that follows has a different type of tyrosine
kinase receptor and pathway, used by many cytokines. How
insulin works (another tyrosine kinase receptor) is also a topic
of obvious medical interest.

Turning to the second major class, epinephrine (adrenaline)
signalling is the prototype G-protein-associated signal trans-
duction pathway. It illustrates the different strategy of pathway
activation which does not involve tyrosine phosphorylation of
receptors. This is a very large group (about half of all pharma-
ceutical drugs target these) but all have a common basic mecha-
nism. They are known as G-protein receptors because they all
involve the hydrolysis of GTP. The phosphatidylinositide cas-
cade pathway is a more complicated example of a G-protein
pathway of importance.

Other examples given are to illustrate various signalling
strategies; for example, how light signals are handled in the
visual process and how the simplest signal, nitric oxide, works,
a process associated with Viagra® action.
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products (the final cell-targeted hormones) inhibit the first step
(release of hypothalamic hormones) maintain appropriate levels
of circulating hormones. There are exceptions to this control
system, a notable one being release of the pancreatic hormones,
insulin and glucagon, which is more directly controlled by the
level of blood glucose (page 163).

Cytokines and growth factors

It has been suggested that these should be regarded as develop-
mental regulatory factors. Growth factors for example are more
understandable if regarded as signals which, depending on the
cell type and the circumstances, may induce cell division or
inhibit it. They may control differentiation or instruct the cell to
undergo programmed cell death (apoptosis). The cytokines
and growth factors control such fundamental processes because
they control specific gene transcription. Many such factors

metabolic control and in control of the expression of specific
genes. Hormones are produced by endocrine glands which
secrete the hormones into the circulation. They reach their
target cells by flooding the whole body and so reach cells
distant from the secreting gland. The system works because
only the target cells have receptors capable of picking up the
signal. A large number of hormones are known and their
biological effects well documented. Table 27.1 lists some of the
principal hormones, for reference purposes.

Much of the endocrine system is under a hierarchical control
system with the hypothalamus being at the top of the chain of
command. The hypothalmus is a small part of the brain that
produces hormones which stimulate release of anterior pituitary
hormones, known as tropic hormones because they cause target
endocrine glands (thyroid, adrenal cortex, and the gonads) to
release their hormones, the ‘final’ ones in the chain which elicit
responses from cells in general. Feedback loops in which end

TABLE 27.1 The principal hormones

Secreting organ Hormone Target tissue Function

Hypothalamus Hormone-releasing factors Anterior pituitary Stimulation of circulating hormone secretion
Somatostatin (also from pancreas) Anterior pituitary Inhibits release of somatotrophin

Anterior pituitary Thyroid-stimulating hormone (TSH) Thyroid Stimulates T
4

and T
3

release
Adrenocorticotrophic hormone (ACTH) Adrenal cortex Stimulates release of adrenocorticosteroids
Gonadotrophins (luteinizing hormone, LH, Testis and ovary Stimulates release of sex hormones and cell
and follicle-stimulating hormone, FSH) development
Somatotrophin (growth hormone) Liver Stimulates synthesis of insulin-like growth

factors, IGFI and IGFII
Prolactin Mammary gland Required for lactation

Posterior pituitary Antidiuretic hormone (ADH) or Kidney tubule Promotes water resorption
vasopressin
Oxytocin Smooth muscle Stimulates uterine contractions

Thyroid Thyroxine (T
4
), triiodothyronine (T

3
) Liver, muscles Metabolic stimulation

Parathyroid Parathyroid hormone Bone, kidney, intestine Maintains blood Ca2� level, stimulates
resorption and dietary Ca2� uptake

Calcitonin (also from thyroid) Bone, kidney Inhibits resorption of Ca2�

Adrenal cortex Glucocorticosteroids (cortisol) Many tissues Promotes gluconeogenesis
Mineralocorticosteroids (aldosterone) Kidney, blood Maintains salt and water balance

Adrenal medulla Catecholamines (epinephrine, Liver, muscles, heart Mobilize fatty acids and glucose into
norepinephrine) bloodstream

Gonads Sex hormones (testosterone from testes, Reproductive organs, Promote maturation and function in sex
oestradiol, progesterone from ovaries) secondary sex organs organs

Liver Somatomedins (insulin-like growth Liver, bone Stimulate growth
factors: IGFI, IGFII)

Pancreas Insulin Liver, muscles Stimulates gluconeogenesis, lipogenesis,
protein synthesis

Glucagon Stimulates glycogen breakdown, lipolysis
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exist; this is an intensively researched area and of great medical
interest. There are no ‘authorized’ definitions that distinguish
between cytokines and growth factors, and the terms are some-
times used interchangeably. The many factors controlling blood
cell development, including those involved in immune responses
(page 516) together with the interferons (page 466), are referred
to as cytokines. Cytokines and growth factors are regulatory
proteins or peptides secreted by many cell types which, unlike
the cells producing hormones, are not specialized for this func-
tion, but are typical of whichever tissue they belong to, such as
hepatocytes and lymphocytes. Most cytokines/growth factors are
paracrine in their action—they diffuse short distances to act only
on local cells—while some are autocrine in action (Fig. 27.2).
These, such as interleukin 2, which stimulates T cell prolifera-
tion (page 516), act on the cells secreting them. The cytokine
erythropoietin produced by the kidney medulla controls the
proliferation of erythrocytes (page 510). It is released when the
oxygen tension in the blood is low and is different in that it is
released into the blood.

The names given to cytokines and growth factors usually
depend on the way they were discovered. One of the earliest
known growth factors was platelet-derived growth factor
(PDGF). Blood platelets lyse at the sites of damage in blood
vessels to initiate clotting and the released PDGF stimulates cell
division and repair. However, other cells also produce the factor
so this is not its only role. Epidermal growth factor (EGF) stimu-
lates the growth of skin cells. Interleukins are cytokines produced
by leucocytes (white blood cells) to affect other leucocytes.

Colony-stimulating factors (CSFs) are so named because they
were discovered in experiments in which they stimulated the
growth of colonies of white cells on culture plates. Some are used
clinically to control white cell production. For example, people
with leukaemia given bone marrow transplants first have their
bone marrow cells ablated by radiation and chemotherapy.
After the transplant, there is a period during which there are
insufficient neutrophils, with the risk of infections, since these
white cells combat bacteria. Treatment with G-CSF (granulocyte-
colony-stimulating factor) stimulates neutrophil (granulocyte)
production, reducing the risk period.

Growth factors/cytokines and the cell cycle

The eukaryotic cell cycle is described in Chapter 30 but briefly,
for present purposes, eukaryotic cell division involves a progres-
sion of phases from one division to the next. DNA synthesis is
confined to a definite period of time called the S (for synthesis)
phase (see Fig. 23.4) typically lasting about 7 h out of the total
cycle of 24 h. Before and after the S phase are the G1 and G2

phases respectively (G denoting gap in DNA synthesis). The
crucial checkpoint known as the restriction point controls the
transition from the G1 to the S phase. Once past this checkpoint
the cell is committed to duplicate its chromosome and proceed
to mitosis. If a mitogenic (replication) signal is not received in
the G1 phase, the cell is shunted into a quiescent (G0) phase until
a signal arrives. This is the state of most cells in a mature tissue.
The mitogenic signal is delivered by a growth factor or cytokine
which thus assume critical importance in cell division control.

Vitamin D3 and retinoic acid

We usually associate vitamins as being enzyme cofactors, or
components of these, but vitamins A and D are different.
Retinoic acid, derived from vitamin A, is important as a signalling
molecule in embryonic development and normal cell growth,
and vitamin D3 (calcitriol) in control of genes involved in
calcium absorption from the intestine.

Having considered many of the ‘signals’ and their target
processes, we will now move on to the question of how cells
detect signals and pass signals through their interiors.

Intracellular receptor-mediated
responses

As already mentioned, a handful of hormones are lipid soluble
and easily traverse the cell membrane. These are steroid
hormones, thyroid hormone, vitamin D3, and retinoic acid.

Autocrine Paracrine

Factor
Factor

Fig. 27.2 Autocrine signals affect the cell producing them; paracrine
signals diffuse only a short distance to affect nearby cells.
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