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                                          Cell Signalling

Cell signalling is an important part of biological life, it allows cells to perceive and respond to the extracellular environment allowing development, growth, tissue repair, and immunity, as well as normal tissue homeostasis through the interchange of information between cells, usually mediated by the release of soluble factors but sometimes by contact or by exchange of small molecules or ions through gap junctions (Sturgeon, 2013).
There are two systems used within the human body to enable cell signalling, these are the exocrine system and endocrine systems.
The exocrine system is a system of hormones and glands, where the glands secrete substances, that may either protect or lubricate the body, straight to a target site via ducts or tubes. The human exocrine system includes the salivary glands, sweat glands and many glands of the digestive system.
Endocrine glands secrete their products directly into the bloodstream. The function of the endocrine system is closely linked to the nervous system, the endocrine and nervous systems don’t work independently from one another, they collaborate in order to control and regulate cellular activity and to maintain homeostasis (Sturgeon, 2013). The endocrine system is the collection of ductless glands that produce hormones (the body’s chemical messengers) that regulate metabolism, growth and development, tissue function, sexual function, reproduction, sleep, and mood, among other things.
The major glands of the endocrine system include the pineal gland, pituitary gland, pancreas, ovaries, testes, thyroid gland, parathyroid gland, hypothalamus and adrenal glands. Each gland produces specific hormones (Tucker, 2015).
The liver and pancreas are both exocrine and endocrine glands; they are exocrine glands because they secrete products—bile and pancreatic juice—into the gastrointestinal tract through a series of ducts, and endocrine because they secrete other substances directly into the bloodstream. Common Endocrine Disorders include Type 1 Diabetes, Type 2 Diabetes, Osteoporosis and Thyroid Cancer (Sturgeon, 2013).
There are three stages of cell signalling. The first stage of cell signalling is reception, whereby a signal molecule or ligand binds with its receiving molecule, the receptor. Receptors and ligand come in many forms, but a receptor will recognise just one or a few specific ligands and vice versa. 
Signal transduction receptors are in four different classes: receptors that penetrate the plasma membrane and have intrinsic enzymatic activity or are enzyme associated; receptors that are coupled inside the cell to G proteins; receptors that are found intracellularly and upon ligand binding directly after gene transcription; and ligand-gated ion channels (Cell Biology, 2020).
Then, signal transduction, which is where the chemical signal results in a series of enzyme activations once the binding of a ligand to a receptor has been achieved. Finally, the response, which is the resulting cellular responses.
The ability to send messages quickly and efficiently enables cells to coordinate and fine-tune their functions.

Forms of signalling include paracrine, juxtocrine and autocrine. Paracrine signalling is a form of cell signalling in which a cell produces a signal to induce changes in nearby cells, altering the behaviour of those cells. One example of this is used in the study of the effects of fat cells on insulin secretion whereby the amount of fat cells affects local inflammation and the amount of receptors  required for the insulin hormone (Gerst et al., 2019).
In contrast to releasing a signalling molecule by diffusion in to extra cellular space, or use of extracellular vesicles , juxtocrine signalling is a contact dependent signal where proteins from the inducing cells interact with receptor proteins of adjacent responding cells, a ligand on one cell surface binds to a receptor on the other. Examples in animals include Notch and Delta, which regulate numerous patterning events, as well as cadherins, which control not only cell adhesion but also signal transduction leading to cell proliferation (Vleminckx and Kemler, 1999).
Autocrine signalling on the other hand is a form of cell signalling in which a cell secretes a hormone or chemical messenger (called the autocrine agent) that binds to autocrine receptors on that same cell, leading to changes in the cell.  It is relatively uncommon in normal physiology but can be an important feature of some pathologic conditions such as cancer in which tumor cell proliferation may be driven by autocrine signalling. Autocrine signaling is activated in several cancers including gastrointestinal stromal tumors (GIST) and the most common sarcoma (Hayashi et al., 2013).
There are three types of juxtacrine signaling: A membrane ligand (protein, oligosaccharide, lipid) and a membrane protein of two adjacent cells interact; A communicating junction links the intracellular compartments of two adjacent cells, allowing transit of relatively small molecules; An extracellular matrix glycoprotein and a membrane protein interact.

Hormonal Response of Insulin

Insulin, somatostatin and glucagon are hormones secreted by islet cells within the pancreas (Hellman, 2009). They are secreted in response to blood sugar levels, but in opposite fashion, glucagon increases and somatostatin decreases insulin release via paracrine actions. In response to insulin, liver, muscle and fat cells absorb glucose out of the blood, having the net effect of lowering the high blood glucose levels into the normal range, as you would find in a negative feedback system (Leibiger, Leibiger and Berggren, 2008).
Conversely, proteins in food and other hormones produced by the gut in response to food, which is sensed by the nervous system, also stimulate insulin release, specialised cells in the pancreas (part of the endocrine system) sense the increase. Hormones released in times of acute stress, such as adrenaline, stop the release of insulin, leading to higher blood glucose levels to help cope with the stressful event (Saltiel and Kahn, 2001).
Natural insulin (i.e. insulin released from your pancreas) keeps your blood sugar in a very narrow range. Overnight and between meals, the normal, non-diabetic blood sugar ranges between 60-100mg/dl and 140 mg/dl or less after meals and snacks.
Insulin therefore helps cells to take in glucose to be used for energy. If the body has sufficient energy, insulin signals the liver to take up glucose and store it as glycogen.
The hormonal response of insulin is a cascade of signals through cells and the nervous system.
Consistently overloading the system with glucose leads to excess stores of glycogen in fat cells, leading to insulin resistance which increases the risk of developing obesity, prediabetes, and eventually, type 2 diabetes.
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