How does the immune system distinguish between self and non-self?

The immune system's ability to distinguish between self and non-self is fundamental to its
function of protecting the body against infections while avoiding damage to its own tissues.
This distinction is achieved through a complex interplay of cellular and molecular
mechanisms that recognize and respond to foreign substances, or antigens, while maintaining
tolerance to the body's own cells and proteins. Understanding how this process works
involves exploring the roles of major histocompatibility complex (MHC) molecules, immune
receptors, and the processes of immune tolerance and autoimmunity.

Major Histocompatibility Complex (MHC) Molecules

The major histocompatibility complex (MHC) is a set of cell surface proteins that play a
crucial role in the immune system’s ability to distinguish self from non-self.

1. MHC Class | Molecules:
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Structure and Expression: MHC class | molecules are found on the surface
of nearly all nucleated cells in the body. They present peptide fragments
derived from intracellular proteins to cytotoxic T-cells (CD8+ T-cells).
Function: The primary function of MHC class | molecules is to display
peptides, including those from viruses or abnormal cellular processes (e.g.,
cancer), on the cell surface. Cytotoxic T-cells continuously monitor these
peptides. If the peptides are recognized as foreign, the T-cells initiate an
immune response to destroy the infected or abnormal cell.

2. MHC Class Il Molecules:
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Structure and Expression: MHC class Il molecules are expressed primarily
on antigen-presenting cells (APCs) such as dendritic cells, macrophages, and
B-cells.

Function: MHC class Il molecules present extracellularly derived peptides
(from pathogens that have been engulfed and degraded) to helper T-cells
(CD4+ T-cells). This interaction is essential for the activation of helper T-
cells, which in turn coordinate the overall immune response, including the
activation of B-cells and cytotoxic T-cells.

Immune Receptors and Recognition

The recognition of self and non-self by the immune system is mediated by various receptors
on the surface of immune cells.

1. T-Cell Receptors (TCRs):

o

Structure: T-cell receptors are found on the surface of T-cells and consist of
variable regions that can recognize specific antigens presented by MHC
molecules.

Function: Each T-cell expresses a unique TCR that can recognize a specific
antigen-MHC complex. The diversity of TCRs ensures that the immune
system can recognize a vast array of antigens. The interaction between TCRs
and antigens presented by MHC molecules is central to the activation of T-
cells.

2. B-Cell Receptors (BCRs) and Antibodies:



o

Structure: B-cell receptors are membrane-bound immunoglobulins on the
surface of B-cells. When B-cells are activated, they differentiate into plasma
cells that secrete antibodies, which are soluble forms of BCRs.

Function: BCRs and antibodies can bind directly to specific antigens. This
binding is crucial for the neutralization of pathogens and the activation of
various immune responses. The diversity of BCRs and antibodies is generated
through a process called V(D)J recombination, which rearranges gene
segments to create unique receptors.

3. Pattern Recognition Receptors (PRRs):

o

Structure and Function: PRRs are receptors on innate immune cells that
recognize common molecular patterns on pathogens, known as pathogen-
associated molecular patterns (PAMPs). Examples of PRRs include Toll-like
receptors (TLRs) and NOD-like receptors (NLRS).

Role in Self vs. Non-Self Recognition: PRRs provide a rapid, nonspecific
response to pathogens and are critical for the initial detection of infections.
They do not require prior exposure to a pathogen to function, unlike adaptive
immune receptors (TCRs and BCRs).

Immune Tolerance Mechanisms

Immune tolerance is the process by which the immune system avoids attacking the body's
own tissues. There are two main types of immune tolerance: central tolerance and peripheral
tolerance.

1. Central Tolerance:

o

o

o

Location: Central tolerance occurs in primary lymphoid organs, such as the
thymus (for T-cells) and bone marrow (for B-cells).
Mechanisms in T-Cells:
= Positive Selection: In the thymus, immature T-cells (thymocytes)
undergo positive selection, where only those T-cells that can recognize
self-MHC molecules with moderate affinity survive. This ensures that
T-cells can interact with MHC molecules presenting antigens.
= Negative Selection: Thymocytes that strongly recognize self-antigens
presented by MHC molecules undergo apoptosis (programmed cell
death). This process eliminates T-cells that could potentially cause
autoimmunity.
Mechanisms in B-Cells:
= Negative Selection: In the bone marrow, B-cells that bind strongly to
self-antigens undergo apoptosis or receptor editing (changing their
BCR specificity). This process ensures that self-reactive B-cells are
eliminated before they mature.

2. Peripheral Tolerance:

o

o

Location: Peripheral tolerance occurs in secondary lymphoid organs and
tissues throughout the body.
Mechanisms:
= Anergy: Self-reactive T-cells that escape central tolerance may
become anergic (non-responsive) if they encounter their specific
antigen without the necessary co-stimulatory signals from antigen-
presenting cells.



= Regulatory T-Cells (Tregs): Tregs play a crucial role in maintaining
peripheral tolerance by suppressing the activation and proliferation of
self-reactive immune cells. They secrete inhibitory cytokines and
directly interact with other immune cells to prevent autoimmunity.

= Activation-Induced Cell Death: Repeated stimulation of self-reactive
T-cells can lead to their apoptosis, thus preventing sustained
autoimmune responses.

Breakdown of Self vs. Non-Self Discrimination: Autoimmunity

Autoimmunity occurs when the immune system fails to distinguish between self and non-self,
leading to an attack on the body's own tissues. This breakdown in tolerance can result from
genetic, environmental, and immunological factors.

1. Genetic Factors:

o Certain genetic predispositions can increase the risk of autoimmune diseases.
For example, specific alleles of MHC genes (known as human leukocyte
antigen or HLA genes) are associated with a higher susceptibility to
autoimmune conditions such as Type 1 diabetes, rheumatoid arthritis, and
multiple sclerosis.

2. Environmental Factors:

o Infections, exposure to certain chemicals, and other environmental triggers can
initiate or exacerbate autoimmune responses. Molecular mimicry, where a
pathogen's antigens resemble self-antigens, can lead to cross-reactivity and
autoimmunity.

3. Immunological Factors:

o Dysregulation of immune responses, such as defects in Treg function or
abnormalities in cytokine production, can contribute to the development of
autoimmunity. In addition, a breakdown in central or peripheral tolerance
mechanisms can lead to the survival and activation of self-reactive immune
cells.

Summary of Self vs. Non-Self Discrimination

The immune system's ability to distinguish between self and non-self is a highly regulated
and complex process involving multiple layers of recognition and tolerance mechanisms. Key
components include:

« MHC Molecules: These play a critical role in presenting antigens and allowing T-
cells to monitor the body's internal environment.

e Immune Receptors: TCRs and BCRs provide specificity in recognizing antigens,
while PRRs enable rapid, nonspecific responses to common pathogen-associated
patterns.

e« Central and Peripheral Tolerance: These processes ensure that self-reactive
immune cells are eliminated or rendered non-functional, maintaining self-tolerance
and preventing autoimmunity.

e Regulatory Mechanisms: Tregs and other regulatory processes suppress potentially
harmful immune responses against self-tissues.



The delicate balance maintained by these mechanisms is essential for effective immune
protection without causing harm to the body's own cells. Disruptions in this balance can lead
to autoimmune diseases, highlighting the importance of understanding and preserving
immune tolerance.

Advances in Understanding and Modulating Immune Responses

Recent advances in immunology are enhancing our understanding of self vs. non-self
discrimination and providing new avenues for therapeutic interventions:

1. Immunotherapy:

o Cancer Immunotherapy: Techniques such as immune checkpoint inhibitors
and CAR-T cell therapy harness the immune system to target cancer cells
while avoiding autoimmunity.

o Autoimmune Disease Treatments: Biologic therapies that target specific
immune pathways (e.g., TNF inhibitors for rheumatoid arthritis) are helping to
modulate immune responses and reduce autoimmune attacks.

2. Vaccine Development:

o Novel Vaccines: New vaccine platforms, such as mRNA vaccines, are
improving the ability to generate strong and specific immune responses
against pathogens without triggering autoimmunity.

3. Genetic and Molecular Research:

o CRISPR and Gene Editing: These technologies are being explored to correct
genetic defects that lead to immune dysregulation and to develop personalized
therapies for immune-related diseases.

o Microbiome Studies: Understanding the gut-immune axis is revealing how
gut microbiota influence immune tolerance and autoimmunity, potentially
leading to new probiotic-based treatments.

4. Nanotechnology:

o Targeted Drug Delivery: Nanoparticles are being developed to deliver
immunomodulatory drugs directly to specific immune cells, enhancing
therapeutic efficacy and minimizing side effects.



