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What is Auto-Immunity?

Auto-immunity refers to the circumstances when our immune system targets self-antigens and
our own healthy cells, in the same way that it would a foreign pathogen. This can be known as
‘breakdown of immunological tolerance™ and stimulates a ‘chronic inflammatory’? response
that affects tissue function, as the self-receptors within organ sites are attacked by the adaptive
immune system, with B cell and T cell receptors at the forefront. This inflammatory process at a
cellular level can have a huge impact on the lives of the affected, presenting in multiple disease

forms, with systemic and localised effects, some even debilitating.

So how do we recognise our own cells and stop an auto-immune attack on a daily basis? An

important mechanism to address is tolerance and this can be split into central and peripheral

' Yasmeen F, Pirzada RH, Ahmad B, Choi B, Choi S. Understanding Autoimmunity: Mechanisms, Predisposing Factors, and Cytokine
Therapies. Int J Mol Sci. 2024;25(14):7666. Published 2024 Jul 12. doi:10.3390/ijms25147666

2 Lindsay Nicholson, University of Bristol, UK, Bite-sized Immunity Article, Autoimmunity: Introduction,
https://www.immunology.org/public-information/bitesized-immunology/immune-dysfunction/autoimmunity-introduction




tolerance. ® T-lymphocytes undergo central tolerance in the thymus, where they mature causing
any autoreactive T-lymphocytes to be eliminated as they interact with multiple (macrophage,
thymic epithelial and dendritic) cells that purposefully present self-antigens at their surface.
This triggers apoptosis (of the T-Cells) and ensures none will enter the circulatory system if they
recognise a self-antigen as non-self. This is also known as negative selection.® For B-cells,
central tolerance involves receptor editing and clonal deletion within the bone-marrow. Receptor
editing rearranges the gene segments of any B-cell receptor that strongly binds to a self-antigen,
and if not successful it will be killed off to prevent an autoimmune response. Clonal deletion
essentially ensures apoptosis of B-cells that bind their immunoglobulins to bone marrow
antigens.® To reinforce this already effective system, peripheral tolerance aims to stop T or B
cells from being hyper-sensitive to environmental stimuli that they encounter (e.g. microbes and

allergens), and occurs in peripheral immune organs like the lymph nodes and spleen.
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So what goes wrong in this elaborate system that differentiates self from non-self with *such
meticulous pathways? The escape of autoreactive immune cells despite these protective
mechanisms is down to environmental and genetic factors, as will be explored later, and
initiates an amplification or propagation phase, releasing cytokines to attract even more
immune cells to the location of inflammation, adding more troops to the war against
self-tissues. Unfortunately, this can develop into a cycle if a resolution phase is not reached and
could ultimately result in chronic inflammation. A resolution phase is characterized by an
attempt to achieve equilibrium between T effector cells and T regulatory cells, to mitigate and
reduce auto-immune reactions. Sadly, this phase can be studded with relapses which damage

tissues and contribute to the symptoms of auto-immune diseases.




Etiology

With a seemingly higher prevalence in females and industrialised countries, an important
question to ask is how we are predisposed to acquiring auto-immune conditions. The answer
put shortly is that a larger extent of research is required to fully investigate the balance between
environmental, genetic and immunological factors that influence self-betrayal of T and B cells.
Despite this, we are approaching a greater understanding of the pathophysiology of
auto-immunity and the conditions that stimulate initiation, amplification and resolution phases

of inflammatory processes.’

Gender seems to play a role with the influence of the X chromosome and sex hormones, with
androgens actually appearing to reduce autoimmunity. Oestrogen (a female hormone) can
impact the tolerance of B-cells, as well as T-cell tolerance by downregulating the AIRE gene that
codes for production of auto-immune regulator proteins. Furthermore, many female hormones
influence genes in charge of cytokine and signalling molecule production (important in
attracting an immune response) and they also interact with the microbiome which has an effect

on autoimmune initiation.

Genetics play an extensive part in auto-immune predisposition with impact on receptor
sensitivity, tolerance and tissue response. The Major Histocompatibility Complex (MHC) has a
duality of different alleles, some which reduce likelihood of auto-immunity, while some
upregulate the chance of presenting an auto-immune response. An example is the human
leukocyte antigen-DRB1 (HLA-DRB1) gene being linked to acquisition of Rheumatoid Arthritis.’
Furthermore, inherited In-born Errors of Immunity (IEls) can trigger innate defects in the

functioning of immune cells and responses, contributing to auto-immune risk.

A web of environmental factors determine disruption of self-tolerance and these can include a
western diet abundant in ultra-processed foods, high levels of sugar, unhealthy saturated fats,
additives and emulsifiers can disrupt our microbiome, increase permeability of the intestine and
interfere with immune response.>® More industrial zones with increased pollution and chemical
exposure have been linked with increased acquisition of auto-immune disorders, however due to

a large contrast in healthcare and diagnostic facilities between developed and developing

5 Global Autoimmune Institute article, (20.02.2024), The Global Landscape of Autoimmune Disease,
https://www.autoimmuneinstitute.org/articles/the-global-landscape-of-autoimmune-disease/
® Emeran Mayer (2023), book, The Mind-Gut Immune Connection
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countries, it's hard to analyse and compare statistics between areas that differ in numbers of

reported and diagnosed patients.

Ethnic backgrounds can affect susceptibility, for example studies have shown that Multiple
Sclerosis seems to be more prevalent in white Caucasians, with higher rates of disease
resistance in Northern Norwegians, New Zealand Maoris, Australian Aboriginals, natives of the
Southern part of the former Soviet Union, and North and South-American Indians.” Inflammatory
Bowel Disease recently appears to reign in prevalence in those of a South Asian ethnic

background according to recent studies.®
Multiple Sclerosis (MS)

Multiple Sclerosis is an auto-immune disease that affects the myelin sheath that protects axons
of neurons and insulates transmission of electrical impulses. The immune system recognises
the myelin sheath as foreign and attempts to remove nerve fibres causing damage and can even

attack nerve cell bodies as well . Ongoing inflammatory processes eventually lead to scarring,
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hindering the important function of message transmission by nerve cells, evoking worsening of
mobility and even resulting in disability. Over 130,000 people have MS in the UK with around

7,000 new diagnosed patients each year. °

7 Yinon Shapira, Nancy Agmon-Levin, Yehuda Shoenfeld,Defining and analyzing geoepidemiology and human autoimmunity, Journal
of Autoimmunity, Volume 34, Issue 3, 2010, Pages J168-J177, ISSN 0896-8411, https://doi.org/10.1016/j.jaut.2009.11.018,
(https://www.sciencedirect.com/science/article/pii/S0896841109001589)

& NHS Imperial College Healthcare article, (17.01.2025), Study shows ethnic differences in inflammatory bowel disease

° MS Society Article, What is Multiple Sclerosis (MS), https://www.mssociety.org.uk/about-ms/what-is-ms
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There are two types of MS, relapsing-remitting and progressive, the former consisting of
periods of worsening symptoms followed by respites of recovery. Progressive MS can either
evolve from relapses developing into steady deterioration or it can rarely be progressive from

onset of diagnosis, continually worsening without a relapse cycle.™

The disease has a profound effect on the daily life, causing unusual sensations over the body,
excessive fatigue, intermittent weakness, memory issues, visual problems and impaired
coordination of those diagnosed, so it is reassuring to know research is working towards
increasingly effective treatments aiming to treat relapses and reducing the impact of the

self-attacking lymphocytes or production of auto-antibodies.
Coeliac Disease

Coeliac is an autoimmune condition, and it occurs when a person develops a sensitivity to a
protein found in many staple foods called gluten." For people with coeliac disease, a normally
harmless food becomes extremely dangerous and causes damage to the lining of the small
intestine, this can inhibit the absorption of nutrients and vitamins into the gut from the food we
eat.’® Gluten can be found in a lot of foods, including rye, barley, and wheat, and the most
common and successful treatment requires the removal of all sources of gluten from the
individual's diet.” Research in the UK has shown that coeliac disease is more common than
most people would think, with roughly one in 100 people in the UK having the condition.™ This
condition is most common among caucasian populations in europe as well as in developing
countries where their staple diet contains large quantities of wheat.' In terms of susceptibility
to the condition, evidence has shown that there is a genetic factor linked to the likelihood of a
person having the condition, the prevalence of coeliac disease in people with first degree
relatives who also have coeliac is 1 in 10 compared to second degree relatives which is much

lower at 1in 394.™°

' National Institute of Neurological Disorders and Stroke article, Multiple Sclerosis,
https://www.ninds.nih.gov/health-information/disorders/multiple-sclerosis

UK, G. (2018) Coeliac disease, Guts UK . Available at:
https://gutscharity.org.uk/wp-content/uploads/2018/11/Guts-UK-Coeliac-Disease-Leaflet.pdf (Accessed: 27 April 2025).
MUK, G. (2018) Coeliac disease, Guts UK . Available at:
https://gutscharity.org.uk/wp-content/uploads/2018/11/Guts-UK-Coeliac-Disease-Leaflet.pdf (Accessed: 27 April 2025).




Coeliac mainly affects a person's villi, and when viewed under a microscope, instead of finding
finger-like projections protruding from the surface of the small intestine wall, they will look
shorter and stubbier.’® Their natural shape is specialised to maximise absorption, but because
of damage caused by chronic inflammation, they are prevented from achieving this purpose.’™ In
more severe cases, the small intestine is flat and this is called villous atrophy, which is the key
to making a diagnosis of coeliac disease.'® To help the villi recover, the individual must follow a

strictly gluten-free diet to reduce the inflammation.™
Symptoms of coeliac disease include: '

e Stomach aches

e Bloating and flatulence
e Indigestion

e Constipation

e Diarrhoea

People suffering from coeliac disease may also find that they experience general fatigue and
unintentional weight loss as a result of malnutrition (a shortage of essential nutrients)." This
lack of essential nutrients can lead to other diseases such as osteoporosis or anaemia.’ In
children, this malnutrition may result in a reduced growth rate and delayed puberty.'> Women
with coeliac disease can also suffer fertility problems, but these are usually resolved once they
start the gluten-free diet.”® Fortunately, they are unlikely to suffer from any of these diseases if
they follow a balanced diet and the correct foods are eaten."® If they do develop these
conditions their doctor can provide them with tablet supplements that will help them get the

nutrients that they need.™

2 NHS (2023) Symptoms, NHS choices. Available at:
https://www.nhs.uk/conditions/coeliac-disease/#:~:text=Coeliac%20disease%20is%20a%20condition,rye (Accessed: 28 April 2025).

7



Pathogenesis of celiac disease
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Medical lllustrator: David Schumick

To diagnose coeliac disease, a doctor will need to carry out an examination and medical history
and if the patient is suspected to have coeliac disease, further tests will be carried out to
confirm the diagnosis, starting with a blood test.” An initial blood test will test positive for
antibodies indicative of coeliac disease and therefore must be completed while the individual is
still consuming gluten."® If the results are positive, a further test must be carried out to confirm
the diagnosis, and this is usually done using an endoscopy.'’ It is a simple procedure that
involves the passing of a thin, flexible tube down through the mouth into the gut to take a
sample (biopsy) of the lining of the small intestine.' This process isn't painful, but can be quite
uncomfortable for the patient. In this biopsy, the villi extracted will be studied, and any

abnormality in their shape or villous atrophy will confirm a diagnosis of coeliac.’

Coeliac Disease is a lifelong condition, but if managed correctly is less likely to have problems

in the future.'® It is paramount that they stick to a strict gluten-free diet, and if this is adhered to,




are often able to lead a normal, healthy life.”® Once these adjustments have been made, they can
expect to have the same life expectancy as any other person but may still be asked to visit a

hospital or a clinic at least once a year to ensure all is well.™®

Systemic Lupus Erythematosus (SLE)

Systemic lupus erythematosus (SLE), more commonly known as lupus, is a chronic disease that
causes inflammation in connective tissues, such as cartilage and the lining of blood vessels,
which provide strength and flexibility to structures throughout the body'. As suggested by the
word ‘systemic’, SLE can affect many parts of the body; symptoms can develop slowly or appear
suddenly and can include manifestations of lupus affects on the kidneys, brain or other organs.
'* The name also demonstrates the nature of the disease: ‘lupus’ (Latin for ‘wolf’) alludes to the
facial rash resembling a wolf bite and ‘erythematosus’ (from the Greek for red) reflects the
rash’s colour™. There are several other types of lupus, including: cutaneous lupus erythematous
(which only affects the skin), drug-induced lupus (which is typically temporary and resolves

after the medication is discontinued) and neonatal lupus (which is present at birth)'.

Whilst there’s uncertainty about what causes lupus, it is believed that it is a result of a
combination of factors, e.g. genes and environmental influences. More than 50 genes have
been identified as being common among people with lupus; whilst having these genes isn't
ordinarily enough to cause lupus, it does increase the risk of developing it'®. Individuals at
greater risk for developing the disease may trigger its onset through exposure to environmental
factors, such as ultraviolet light from the Sun, specific infections, silica dust, medications,

emotional stress, injuries, surgery or childbirth'.

'8 Systemic Lupus Erythematosus’. MedlinePlus,
https://medlineplus.gov/genetics/condition/systemic-lupus-erythematosus/.

14 ‘Systemic lupus erythematosus Information’. Mount Sinai,
https://www.mountsinai.org/health-library/report/systemic-lupus-erythematosus.

5 ‘Lupus: Symptoms & Treatment'. Cleveland Clinic, https://my.clevelandclinic.org/health/diseases/4875-lupus.
16 ‘What Causes Lupus? . Lupus Foundation of America, https://www.lupus.org/resources/what-causes-lupus.
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Lupus has a wide variety of symptoms, with the most common being joint and muscle pain,

extreme fatigue and sun-induced facial rashes'’. The severity of lupus can range from mild to

life-threatening. Mild cases may involve tiredness and joint or skin problems, while moderate

cases cause inflammation in organs like the kidneys or lungs, and severe lupus can lead to

potentially fatal damage to vital organs such as the heart or brain'®. Often, SLE follows a pattern

of flare-ups (relapses), during which the symptoms worsen, followed by periods of remission,

where symptoms ease'®. In some cases, the symptoms may remain constant without significant

changes'®. The exact reason behind these fluctuations has not yet been established. Lupus can

be challenging to diagnose as its symptoms can mimic those of other conditions and differs

greatly from person to person. The most distinctive sign of lupus is the ‘malar rash’ or butterfly

rash’- a facial rash that resembles the wings of a butterfly unfolding across both cheeks- occurs

in many, but not all, cases of lupus’®.

7 ‘Lupus’. NHS.UK, 24 Oct. 2017, https://www.nhs.uk/conditions/lupus/.

'8 ‘Lupus - Symptoms & Causes’. Mayo Clinic,

https://www.mayoclinic.org/diseases-conditions/lupus/symptoms-causes/syc-20365789.
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Conclusion

Multiple sclerosis (MS), Systemic Lupus Erythematosus (SLE), and Coeliac disease each
illustrate the different ways that an autoimmune disease can affect an individual and how the
various organs in the body can be affected by autoimmunity. The examples given in this article
include the gut, skin and nervous system, but these are just a few examples, and autoimmunity
can and does affect many other parts of the human body. These conditions provide prime
examples of how the immune system - a system responsible for protecting the body - has the

ability to work against the very purpose it was created for.

As there are more advances in modern medicine, ongoing research has been able to unearth
some of the information required to help explain why immune tolerance can begin to function
abnormally to be able to find common traits shared between people suffering from autoimmune
diseases. This can include investigating the environmental factors and genetic predispositions
prevalent in individuals with these diseases. Albeit, there is often distinct variation between the
pathopsychological mechanisms and features of each condition, this further demonstrates the

complexity and diversity found in autoimmune diseases.

Even with the extensive research that is already being carried out, many patients still receive a
delayed diagnosis, and this can be extremely debilitating. You are practically working to manage
a condition that you know nothing about. This can be incredibly tiresome, handling a body that
seems to be working against you, and for many individuals, this is their reality. Therefore, it is
paramount that investment in public health awareness is of the utmost importance; this could
lead to a reduction in the detection time of these diseases and could also help educate the

general public so that they are aware of how to support others in this position.

Many of the treatments for these conditions are used to help patients manage their symptoms
rather than being curative, and they may still suffer from frequent flare-ups, chronic
inflammation, and even side effects from the treatment itself. Living with an autoimmune
disease can be incredibly challenging, and without treatment methods that are able to provide
long-term remission, these conditions can be extremely difficult to manage. That is why we
must continue to gain a better understanding of why exactly these immune intolerances form
and, in response, create specific treatments that will provide these individuals with a better

quality of life.
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Glossary

AIRE gene- a gene (on chromosome 21) that contains instructions for protein synthesis of an autoimmune regulator

to prevent T-cell autoimmunity.™

Anaemia- a medical condition in which there are not enough red blood cells in the blood ?°

Androgens- hormones that characterise male traits and reproduction.?’

Biopsy- The process of removing and examining a small amount of tissue from a sick person, in order to discover

more about their illness %

Central tolerance- a process of exclusion of auto-reactive lymphocytes, to stop them from entering circulation or

peripheral tissues.®

Clonal deletion- a process where self-reactive T and B lymphocytes die (apoptosis) to prevent auto-immune

reactions.?

Cytokines- signalling proteins that regulate and transmit signals to control inflammation.

Dendritic Cells- immune cells that present antigens to magnify immune responses. %

In-born Errors of Immunity- inherited immune system disorders that affect immune function and response.?®

Inflammatory Bowel Disease- inflammation of the Gl tract in response to an autoimmune reaction to microflora in the

gut.®

Macrophages- innate immune cells that respond to infections, tissue damage and aid tissue repair, with the ability to

destroy pathogens.”

19 Medicine Plus Article, AIRE gene, https://medlineplus.gov/genetics/gene/aire/

20 Cambridge Dictionary (2022). anemia. [online] @CambridgeWords. Available at:
https://dictionary.cambridge.org/dictionary/english/anaemia.

21 Alysa Hullett (13.10.2023), Healthline Article, What to Know About Androgens and How They Affect Your Body,
https://www.healthline.com/health/androgens#takeaway

2Cambridge Dictionary (2025). biopsy. [online] @CambridgeWords. Available at:
https://dictionary.cambridge.org/dictionary/english/biopsy?q=biopsy+ [Accessed 29 Apr. 2025].

% Zhang JM, An J. Cytokines, inflammation, and pain. Int Anesthesiol Clin. 2007;45(2):27-37. doi:10.1097/AIA.0b013e318034194e
24 Zanna MY, Yasmin AR, Omar AR, et al. Review of Dendritic Cells, Their Role in Clinical Immunology, and Distribution in Various
Animal Species. Int J Mol Sci. 2021;22(15):8044. Published 2021 Jul 28. doi:10.3390/ijms22158044

25 Front. Immunol., 19 December 2024, Sec. Autoimmune and Autoinflammatory Disorders : Autoimmune Disorders, Volume 15 -
2024 | https://doi.org/10.3389/fimmu.2024.1497921

2 McDowell C, Farooq U, Haseeb M. Inflammatory Bowel Disease. [Updated 2023 Aug 4]. In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing; 2025 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK470312/

27 Watanabe S, Alexander M, Misharin AV, Budinger GRS. The role of macrophages in the resolution of inflammation. J Clin Invest.
2019;129(7):2619-2628. Published 2019 May 20. doi:10.1172/JCI124615
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Major Histocompatibility Complex- molecules that bind peptide fragments from pathogens to display as receptors

for T-cells to recognise and respond to. 2

Multiple Sclerosis- an auto-immune condition that results in degradation of the myelin sheath, affecting neural

impulse transmission and hence coordination and neural function.®
Negative selection- apoptosis (cell death) of overly self-peptide sensitive T-cells to ensure self-tolerance.?
Osteoporosis- a disease that causes the bones to become weaker and easily broken *°

Peripheral tolerance- a mechanism allowing B and T-lymphocytes to distinguish self and non-self in peripheral

organs like the spleen and lymph nodes, ensuring self-tolerance after central tolerance in the thymus.®

Receptor Editing- replacing the heavy chain or light chain variable region genes in a B-cell immunoglobulin receptor. '

Rheumatoid Arthritis- a systemic autoimmune disease that affects joints, especially in the hands, wrists and feet.

Thymic Epithelial Cells- cells that aid maturing T lymphocytes in navigation, proliferation, differentiation and survival.
33

Villus - one of many very small finger like parts that are found on the inside surface of the small intestine and help

food to be absorbed (Plural - villi) 3

% Janeway CA Jr, Travers P, Walport M, et al. Immunobiology: The Immune System in Health and Disease. 5th edition. New York:
Garland Science; 2001. The major histocompatibility complex and its functions. Available from:
https://www.ncbi.nIm.nih.gov/books/NBK27156/

2 Kishimoto H, Sprent J. Negative selection in the thymus includes semi-mature T cells. J Exp Med. 1997;185(2):263-271.
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