
The Immune System Review Part II



Specific Defense: Humoral and Cellular



System of molecules and cells that recognize 
foreign invaders and antigens and work to 
destroy or inactivate them

It is specific, systemic, and it remembers 
previous encounters with pathogens

Humoral: Also called antibody-mediated 
immunity – Employs antibodies in body 
fluids

Cellular: Also called cell-mediated immunity

Uses living cells, lymphocytes, to destroy 
infected cells either directly or indirectly



Antigen
Any substance that triggers an immune 
response

Most common antigens are a bacterium, 
fungus, virus, toxin or foreign body

Proteins are the strongest antigens

Our cells have a variety of proteins 
embedded in the plasma membrane. 
Some of the proteins act as self-antigens 
which allow the immune system to 
recognize cells that belong to us and 
those that do not



Antibodies:

The immune system responds to 
antigens either by:

– Producing cells that attack them 
directly or 

– Producing specialized proteins called 
antibodies that bind to them, tagging 
them for destruction by other cells



Many different cells are 
involved in the immune 
system

The two main cell populations 
that provide immunity are 
lymphocytes and 
macrophages

Myeloid cells are primarily 
the innate

Lymphoid cells are primarily 
the adaptive



Lymphocytes
B Cells: Produce antibodies and oversee 
humoral immunity

Develop in bone marrow 

T Cells: Non-antibody producing lymphocytes

Function in cell-mediated immunity

Develop in the thymus gland

Each lymphocyte will have only one type of 
antigen receptor on its surface – it’s 
specifically designed to react to one distinct 
antigen



Macrophages: Function in both nonspecific and 
specific immunity

When they engulf foreign particles, they bear 
those proteins on their plasma membrane to 
attract T cells

Humoral Immune Response: Involves antibodies 
that circulate in the blood or lymph

Activated when B cell antibodies bind to 
antigens on the surface of a pathogen

Triggers rapid division called clonal selection



Clonal Selection: Activated B cells will 
produce a large number of clones

Most develop into plasma cells which 
will produce antibodies until they die 
in a few weeks or months

Some develop into memory B cells 
that remain in the body to fight the 
antigen more quickly and efficiently if 
it ever returns



Secondary Humoral 
Response:  

The second time a 
foreign substance 
invades the body, it 
will be met with a swift 
and effective response 
from the memory B 
cells



Types of Immunity
Active:

Acquired during an infection or 
vaccination

Provides immunological memory

Passive: 

Acquired when a mother’s antibodies 
cross the placenta to the baby or when 
antibodies from a donor are injected

Does not provide immunological 
memory; short-lived immunity



Vaccines
Lab-created preparations containing 
weakened or dead microbes or part of a 
microbe 

They are introduced to the body to 
stimulate a primary immune response

In the future, the immune system will 
remember the pathogen and defend the 
body against it

mRNA vaccines only require the genetic 
code of the virus and not weakened 
forms of the virus – faster to create



mRNA vaccines enter cells and provide instructions to 
produce antigens or a piece of the virus 

The cell will present the antigens to the immune 
system, this prompts T-cell and antibody responses to 
fight the disease 

Conventional vaccines inject an antigen into the body 

The immune system produces antibodies to this 
antigen

If the body ever comes across this specific pathogen in 
the future, it has the tools to fight it 



Antibodies
Proteins produced by B cells or plasma 
cells in response to an antigen

Composed of 4 polypeptide chains that 
form a T or Y shape

Has a variable region and a constant 
region

Functions include complement 
fixation, neutralization, precipitation, 
agglutination 

Antibodies are also called 
immunoglobulins



Complement fixation (as mentioned in 
nonspecific defenses) occurs when 
antibodies bound to an antigen’s 
surface encourage complement attack, 
which leads to cell lysis or attraction of 
phagocytes that will destroy the foreign 
cell

Neutralization occurs when an antibody 
blocks part of the surface of a foreign
cell, making it unable to function



Precipitation occurs when antibodies 
cause antigens to stick together and 
precipitate out of solution, making 
them a target for phagocytosis

Agglutination is the process of firmly 
sticking or being stuck together to form 
a mass

There are 5 classes of antibodies or 
immunoglobulins that differ structurally 
and functionally: IgA, IgD, IgE, IgG, IgM



An example of 
agglutination is the 
reaction seen between 
red blood cell antigens 
and serum antibodies of 
an incompatible blood 
type  



Monoclonal Antibodies
Laboratory-produced molecules that act as 
antibodies that bind to only one substance

Used for various diagnostic and treatment 
purposes including cancer treatment 

Monoclonal antibodies can be used to carry 
drugs, toxins or radioactive substances to target 
cells

Monoclonal antibodies were used as an effective 
treatment for COVID-19 but don’t appear to be 
effective against new variants



Cellular Immune Response

Body cells that contain antigens are 
destroyed

Depends on macrophages and several 
types of T cells

Defends against viruses, fungi, other 
microbes and cancer cells



Type of T Cells
T cells are lymphocyte immune cells that protect the body

The thymus can produce naïve T cells that convert to specific types in other 
areas of the body

Cytotoxic T cells actively destroy infected cells by using granule sacs (contains 
digestive enzymes)

Helper T cells activate cytotoxic T cells, macrophages, and stimulate antibody 
production by B cell lymphocytes. Th1 and Th2 are examples



Regulatory T cells suppress the actions of T and B cells to decrease the immune 
response when it’s no longer needed (regulate inflammation)

Natural Killer T cells distinguish and attack infected or cancerous cells from 
normal body cells. They do this by finding cells that do not contain molecular 
markers that identify them as body cells.

Memory T cells protect against previously encountered antigens and might 
provide protection against some pathogens for life



Cytokines
Cytokines include interleukins, lymphokines, monokines, interferons (IFN), 
colony stimulating factors (CSF), chemokines and a variety of other proteins 

Th1 cells produce Type-1 cytokines

Th2 produce Type-2 cytokines

Examples of Type 1 cytokines: Interleukin- 2I(IL2), Interferon-gamma (IFN-
gamma) (IFN-G), IL-12, Tumor Necrosis Factor-Beta (TNF-beta), Tumor Necrosis 
Factor-Alpha (TNF-alpha)



Examples of Type 2 cytokines: IL-4 (IL4), IL-5 (IL5), IL-6 (IL6), IL-10 (IL10), and IL-
13 (IL13)

Th17 cells are a subset of T helper cells and are involved with autoimmune 
diseases; too many turn off T-reg cells

NF-Kappa B is protein complex that controls the transcription of DNA, cytokine 
production and apoptosis (cell survival or death)

Inducing NF-Kappa B in cases of HIV, EBV can prevent the infected cells from 
dying; it can block TNF-alpha



Requires a double recognition:

T cells must bind simultaneously with 
an antigen and a macrophage

T cell clones either destroy infected 
cells or develop into memory T cells

This process is basically the same for 
cytotoxic T cells (shown in the 
diagram) and helper T cells



A dendritic cell is a macrophage or other similar cell that has digested an 
antigen and is now presenting parts of that antigen on its surface

MHC class 1 is the molecule responsible for displaying the antigen fragments so 
they can be recognized as non-self proteins

CD-8 is a co-receptor molecule that maintains the bond between the T cell and 
the antigen-presenting cell (APC)



This diagram on next slide shows the activation of cytotoxic T cells, but helper T 
cells are activated and cloned in the same manner

The clones produced will be mostly activated helper T cells and some memory 
helper T cells

The memory T cells will be able to launch a faster and more effective response 
when exposed to the same antigens in the future (just as in humoral immunity 
with memory B cells)



Cytotoxic cells: Directly attack infected cells 
and cancer cells using perforin or other 
chemicals

Helper T Cells: “Help” by circulating through 
the body and stimulating other immune 
cells into action by:

– Directly interacting with them or

– Releasing chemicals that stimulate their 
activity

Lymphocytes can develop into either type



The cells stimulated by helper T cells 
includes cytotoxic T cells, B cells, and 
macrophages

There are also suppressor T cells, which 
function to slow down the activity of 
helper T cells and B cells when the 
major threat has passed



Organ Transplants
Blood group and tissue matching are done to find the closest match possible

The goal is to find a donor and recipient with a relatively high number of cell 
membrane proteins in common

Immunosuppressive therapy following the transplant will hinder rejection 



When tissues and organs are transplanted, the immune system will recognize the 
cells as non-self and launch an immune response

Immunosuppressive therapy involves taking a variety of drugs to hinder the 
immune response so that the new organ is not rejected by the body

The side effect of these drugs, of course, is that the patient is no longer fully 
protected by the immune system and is much more susceptible to bacterial and 
viral infections as well as cancer



Traditional Immune System Disorders



Allergies
Abnormal immune response to 
harmless substances

Triggered when antibodies bind to 
WBCs called mast cells

Mast cells release histamines and 
other substances, causing a variety of 
symptoms



Anaphylaxis
Rare, acute and systemic allergic reaction 

Can lead to life-threatening symptoms, especially 
when airways are constricted

The most common reactions are breathing or 
swallowing difficulty, redness, itchiness, abdominal 
pain, nausea

Foods, medications, insect bites and latex are the 
most common triggers of severe allergic reactions

Epinephrine, the substance administered through an 
EpiPen, counteracts the immune response



Autoimmune Diseases

A variety of diseases caused by the 
immune system’s attacks on “self” 
antigens

Includes multiple sclerosis (MS), 
diabetes (type I), lupus and 
rheumatoid arthritis



Nervous System Connection
Immune system responses are affected 
by the nervous system

Depression and stress can impair 
immune function

For example, the stress hormone 
cortisol decreases inflammation and 
the production of some white blood 
cells



Developmental Aspects 

The immune system begins to function 
shortly before birth

Children are typically sick more often 
than adults because they are 
experiencing their first encounters 
with antigens

The immune system is less responsive 
in the elderly, so they are more prone 
to illnesses, including autoimmune 
diseases and cancer



This information is just the basics that 
most of us have been taught

We’re now going to be going further , 
in order to understand the 
inflammation pathways

This will help explain what’s need for 
functional immunity
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