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Abstract 
Biologics, the cutting-edge drugs that bombard your commercial breaks, comprised seven 

of the ten top-selling drugs in 2018, raking in $125 billion dollars for the pharmaceutical industry 
worldwide. With such a significant amount of money to be made, many important details 
regarding the history and development of biologics are not widely emphasized. As 
first-generation biologics continue to be used today, second-generation biologics build on these 
principles to create drugs that treat some of the most widespread diseases in society. In addition, 
the pharmacological success of current biologic treatments for some of the most difficult 
diseases to treat, such as rheumatoid arthritis, ankylosing spondylitis, and hepatitis C, point 
towards the biologic drug’s innovative mechanisms of action that employ immunological 
techniques to target the source of these diseases. With so much success in recent years, the 
production of biosimilars aim to cut into these profits and decrease the cost of biologics. These 
biosimilars are not without their own challenges, as they face scientific and legal hurdles during 
development and testing. This thesis examines the past, present, and future of biologics and 
biosimilars, with a focus on the immunological principles that have allowed for the rapid success 
of these unique drugs. 

Background  
 

The Immune System is a defense system within the host to protect the body from 
infection, foreign substances, and changes to the body’s cells. It is made up of many organs and 
tissues that each serve a unique role within the body. The Immune System can be further divided 
into innate immunity, the “first responders” when a pathogen is detected, and adaptive immunity, 
the body’s response to pathogens it has been exposed to previously. Both subcategories of the 
immune system allow for the body to recognize and remove pathogens it is exposed to, and their 
unique roles will be outlined below. 

Innate and Adaptive Immunity 
Our skin and mucosal membranes are the true first line of defense when our body comes 

in contact with foreign pathogens (Cohen notes, Innate to Adaptive, 2018). These membranes are 
equipped with lots of special proteins that help to kill foreign invaders before they enter the 
body. When these defense mechanisms are bypassed by invading particles, the innate immune 
system is called into action (Cohen notes, Innate to Adaptive, 2018). It detects invaders and calls 
in the right immune components to inactivate, destroy, and remove the pathogen (Cohen notes, 
Innate to Adaptive, 2018). This happens quickly; it is crucial to detect a foreign invader before it 
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has caused too much damage. The innate immune system has a few key structures it looks for 
that are not found in its host’s cellular structures; this could include bacterial cell walls, nucleic 
acid structures in microbes, and other abnormalities (Cohen notes, Innate to Adaptive, 2018). 
The three components it recognizes are foreign molecular structures referred to as 
pathogen-associated molecular patterns (PAMPs), stress and damage indicator molecules from 
its own cells called damage-associated molecular patterns (DAMPs), or the general absence of 
any signals, which is taken care of by natural killer (NK) cells (Cohen notes, Innate to Adaptive, 
2018). Pattern recognition receptors (PRRs) exist on the surface or inner membranes of most 
body cells, and among these are toll-like receptors (TLRs) that are designed specifically to 
recognize certain cellular structures that are not found on its host’s cells (Cohen notes, Innate to 
Adaptive, 2018). 

The innate immune system only recognizes a few patterns and does not learn or 
memorize any new ones (Cohen notes, Innate to Adaptive, 2018). TLRs will recognize a DAMP 
from a damaged body cell, allowing for binding and an increase in inflammation at the site 
before any other immune action has taken place (Cohen notes, Innate to Adaptive, 2018). This 
quick response is key and helps to call in other factors, such as white blood cells, to address the 
problem locally. If the innate immune system cannot handle the problem on its own, the adaptive 
immune system becomes active (Cohen notes, Innate to Adaptive, 2018). Dendritic cells connect 
the innate and adaptive immune systems. DCs are activated by the cytokines and chemokines 
that were released at the site of the wound or invasion, and inges any particulates from the area 
(Cohen notes, Innate to Adaptive, 2018). These pieces are brought to a nearby lymph node and 
presented by the DC to B-cells and T-cells, which can start the process of an adaptive immune 
response (Cohen notes, Innate to Adaptive, 2018). DCs are thus known as antigen presenting 
cells, due to this property of presenting the antigen (the pieces it picked up from the site of 
invasion) to the adaptive immune system components (Cohen notes, Innate to Adaptive, 2018). 

The adaptive immune system is made up of lymphocytes, which are in charge of 
recognizing antigen, and the phagocytes, which are in charge of eating and cleaning up the debris 
(Cohen notes, Innate to Adaptive, 2018). Lymphocytes have incredible diversity; experts 

estimate that there are around a hundred thousand billion unique antigen receptors that can10 )( 14 
 

recognize antigen presented by these antigen presenting cells and B cells (Cohen notes, Innate to 
Adaptive, 2018). This diversity exists before antigen is even exposed to the body, so antigen will 
select the lymphocyte it fits the best and trigger the adaptive immune response. Only a small 
portion (10-20 amino acids long) of the antigen fits the receptor (called the epitope), and if it has 
affinity that is strong enough, the immune response begins against that antigen by proliferation 
of the lymphocyte that matched the epitope (Cohen notes, Innate to Adaptive, 2018). Once there 
is a large enough number of lymphocytes to attack the pathogen, the host begins to get better and 
the recovery process begins (Cohen notes, Innate to Adaptive, 2018). Long-lasting clones of this 
specific lymphocyte will remain in the host, ready to proliferate and be activated again if the host 
comes in contact with the pathogen again (Cohen notes, Innate to Adaptive, 2018). This now 
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means that the body is immune to that specific pathogen, and has memory built into the system 
for the next time the body is exposed to it (Cohen notes, Innate to Adaptive, 2018). The two 
types of lymphocytes, T cells and B cells, each have the same goal with unique ways to activate 
adaptive immunity (Cohen notes, Innate to Adaptive, 2018). This is due to their assignments in 
terms of what areas of the body they protect: the T cells survey the surface of body cells, while 
the B cells protect extracellular spaces in the body (Cohen notes, Innate to Adaptive, 2018). 
More information about T cells and B cells will be continued in subsequent sections. 

Anatomy and Physiology 
Immunologists are attentive to specific cells in the blood, which carry out numerous 

functions when fighting disease. Erythrocytes, more commonly known as red blood cells, make 
up the majority of the blood and carry oxygen to bodily tissues (Cohen notes, Anatomy and 

Physiology, 2018). Platelets are 
derived from megakaryocytes 
and are involved in the clotting 
of blood throughout the body 
(Cohen notes, Anatomy and 
Physiology, 2018). Leukocytes, 
more commonly known as white 
blood cells, are nucleated cells 
that can be divided up into two 
types: mononucleated cells, such 

as monocytes (immature macrophages) and 
lymphocytes, and polynucleated cells, such as 
eosinophils, basophils (related to mast cells), and 
neutrophils (Cohen notes, Anatomy and 

Physiology, 2018). Adults have roughly 4,500-10,500 leukocytes per microliter of blood, 
typically made up of about 40-60% neutrophils, 20-40% lymphocytes, 2-8% monocytes, 1-4% 
eosinophils, and 0.5-1% basophils (Cohen notes, Anatomy and Physiology, 2018). 

Blood interacts with the lymphoid system, which is a system organized into central and 
peripheral lymphoid organs. Development of lymphocytes occurs in central organs, such as the 
bone marrow and the thymus (Cohen notes, Anatomy and Physiology, 2018). Blood passes 
through peripheral lymphoid organs called lymph nodes, which are lymphatic system structures 
that respond to foreign particles or invaders (Cohen notes, Anatomy and Physiology, 2018). 
Blood within the arterioles will enter at the hilum, a junction point at the base of the lymph node 
that contains afferent and efferent tracks for blood and an efferent lymph fluid track (Cohen 
notes, Anatomy and Physiology, 2018). Blood flow splits into smaller capillaries within the 

 
3 



node, and comes together again to exit the hilum in a single vein (Cohen notes, Anatomy and 
Physiology, 2018).  

Lymphatic fluid, referred to as lymph, will enter at the periphery of the node and flow 
into the subcapsular sinus. It will 
flow through the cortex and 
medulla regions of the lymph node 
and exiting through an efferent 
lymphatic circulation contained in 
the hilum (Cohen notes, Anatomy 
and Physiology, 2018). Within the 
cortex, lymphocytes are packed 
into follicles, which contains 
mostly B cells that arise from the 
bone marrow (Cohen notes, 
Anatomy and Physiology, 2018). Follicular 
helper T cells (Tfh) will migrate from the deep 
cortex to the follicles in order to help activate 
these B cells (Cohen notes, Anatomy and 
Physiology, 2018). When an immune response begins, many dividing cells will be crowded 
together in cortex regions referred to as germinal centers (Cohen notes, Anatomy and 
Physiology, 2018). The paracortex, which contains mostly T cells from the thymus, also contains 
many lymphocytes but not in as great a density (Cohen notes, Anatomy and Physiology, 2018).  

Both blood and lymph fluid circulation are important in lymphocyte movement 
throughout the body. Lymphocytes that are in the circulatory system may be traveling through 
the blood stream or between lymph nodes to colonize another node (Cohen notes, Anatomy and 
Physiology, 2018). Postcapillary venules in the peripheral lymphoid tissues are lined with tall, 
cuboidal endothelial cells, and lymphocytes in circulation can pass between these tall cells in 
order to enter the lymph node if needed (Cohen notes, Anatomy and Physiology, 2018). Here, 
they will stay in the node or drain into the next node within the chain (Cohen notes, Anatomy 
and Physiology, 2018). Lymph continues to move to the largest lymph duct, working its way to 
the venous blood in the circulatory system where the process begins again (Cohen notes, 
Anatomy and Physiology, 2018). 

 The spleen and Peyer’s patch are also examples of peripheral lymphoid organs. The 
spleen serves as the house for monocytes, and contains red and white pulp (Cohen notes, 
Anatomy and Physiology, 2018). Red pulp contains many phagocytic cells and is capable of 
making erythrocytes. It also filters particulates, such as damaged erythrocytes and bacteria in the 
blood (Cohen notes, Anatomy and Physiology, 2018). White pulp consists of a sheath of T cells 
that surround a central arteriole, with a collection of B cells further from the arteriole (Cohen 
notes, Anatomy and Physiology, 2018). In the gut, the GALT or MALT (gut- or 
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mucosa-associated lymphoid tissue) house the largest collection of secondary lymphoid tissue in 
the body (Cohen notes, Anatomy and Physiology, 2018). Peyer’s patches, which are also 
peripheral lymphoid organs, sit underneath the mucosa 
layer in the small intestine (Cohen notes, Anatomy and 
Physiology, 2018). Mucosal M cells in these patches 
ingest proteins and large particles, transporting them 
away from the lumen (Cohen notes, Anatomy and 
Physiology, 2018). Dendritic cells can then take the 
antigens in question and carry them to nearby B cell 
follicles and T cell zones within the Peyer’s patch 
(Cohen notes, Anatomy and Physiology, 2018). 

Dendritic cells are one specific type of cell that 
acquires antigens. The term “antigen” is an umbrella 
term for substances that can be recognized by the 
immune system (Cohen notes, Anatomy and 
Physiology, 2018). Under this umbrella are 
immunogens, a type of antigen that can create an 
immune response. Also under this term are tolerogens, 
which are antigens that do not give rise to an immune 
response; in fact, they will try to prevent a response 
from occurring (Cohen notes, Anatomy and 
Physiology, 2018). Lymphocytes have many identical receptors for a specific antigen shape on 
each cell type: T cells and B cells (Cohen notes, Anatomy and Physiology, 2018). T cell 
receptors are made of alpha and beta chains, and B cell receptors are small samples or 
representations of the antibodies they will create when stimulated (Cohen notes, Anatomy and 
Physiology, 2018). The antigenic determinant, or epitope on the antigen, fits the receptor that is 
projected from a T or B cell (Cohen notes, Anatomy and Physiology, 2018). In order to activate 
T or B cells, three criteria must be met. First, the fit must be specific between the receptor and 
antigen; second, multiple receptors nearby must also be bound to the antigen; third, other cell 
surface molecules must also be involved (Cohen notes, Anatomy and Physiology, 2018). A cell 
will proliferate once it is activated, and will generate thousands of copies of itself that are 
specific for the job it needs to do. Two types of cells differentiate: those that do the killing, and 
those that remain with the memory of the antigen in case it appears again within the lifetime of 
the organism (Cohen notes, Anatomy and Physiology, 2018).  

When a T cell is large and differentiated, it becomes a T lymphoblast. B cells that are 
large and differentiated are also called B lymphoblasts, which become plasma cells that generate 
antibody from a robust rough endoplasmic reticulum (Cohen notes, Anatomy and Physiology, 
2018). Many plasma cells work until death just a few days after assuming plasma cell form, but 
some remain as memory plasma cells (Cohen notes, Anatomy and Physiology, 2018). 
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T and B Cells 

Origins of T and B cells 
Cells in the immune system have a common ancestor from which they are derived. 

Hematopoietic Stem Cells (HSCs) arise from aortic endothelial cells early on in embryogenesis, 
which are endothelial cells derived from the mesoderm. HSCs are undifferentiated, but will only 
give rise to blood cells. The possible daughter cells of HSC division are the common myeloid 
progenitor (CMP) and the common lymphoid progenitor (CLP). CMPs give rise to erythrocytes, 
megakaryocytes and platelets, eosinophils, mast cells/basophils, neutrophils, and monocytes, 
which all have various functions throughout the body, from carrying oxygen (erythrocytes)  to 
fighting disease (leukocytes and thrombocytes). CLPs are the precursors to pre-T cells and pre-B 
cells, which will develop into T and B cells, respectively. 
 

B cells 
As detailed before, B cells are just one type of lymphocyte that is in charge of patrolling 

the extracellular spaces of the body in search of foreign antigen. They create antibodies to bind 
to and neutralize the antigen or toxin that their receptor fits. Before we can detail the B cell 
origins and structure, it is important to go over how antibodies are created, their structure, and 
the unique classes of antibody that carry out different functions. 

 

Antibody 

Antibodies was first observed as a 
sera in the blood plasma, and as technology 
developed, electrophoresis was used to 
separate the serum in an electrical field due to 
the ionization of proteins at the amino and 
carboxyl termini (Cohen notes, Antibody 
Structure, 2018). There is a significant 
amount of antibody activity in the gamma (γ) 
globulin zone, as seen in Figure 4, earning the 
name immune globulin or gamma globulin, but 
because of activity also present in the beta region, 
the term immunoglobulin was adopted instead (Cohen notes, Antibody Structure, 2018). Because 
antibodies are not the same size, they can be separated by this trait; centrifuge separation was 
performed on the sera to look at how vast the difference in size was for types of immunoglobulin 
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(Cohen notes, Antibody Structure, 2018). Antibodies are also different in specificity; they cannot 
all neutralize the same antigen or toxin (Cohen notes, Antibody Structure, 2018). 

Antibodies have a unique structure that required the minds of two researchers to 
accurately represent. R.R. Porter treated gamma globulin with the enzyme papain and a reducing 
agent that breaks apart disulfide bonds, breaking the antibody into three fragments: identical 
fragments referred to as Fab, and a third called Fc (Cohen notes, Antibody Structure, 2018). G. 
Edelman also treated antibody, this time with a reducing agent strong enough to break all of the 
disulfide bonds and a denaturant that straightened out the protein chains (Cohen notes, Antibody 
Structure, 2018). He classified the gamma globulin as having two light chains with a molecular 
weight around 25,000 g/mol, and two heavy chains with a molecular weight around 50,000 

g/mol (Cohen notes, Antibody 
Structure, 2018).  Light chains were 
later separated into a variable domain 
and a constant domain, and heavy 
chains were separated into one variable 
domain and three to four constant 
domains (Cohen notes, Antibody 
Structure, 2018). 
The five classes of immunoglobulins, 
previously mentioned above, are IgG, 
IgE, IgD, IgA, and IgM (Cohen notes, 
Antibody Function, 2018). IgG is the 
most abundant class in serum at 1000 
mg/dL and is made up of two light 

chains and two gamma (γ) chains, the 
smallest of the five classes (Cohen notes, 
Antibody Function, 2018). It is the only type 

that can pass through the placenta, and has a half-life of three weeks, making it useful for 
opsonizing bacteria and fighting off bacteria that has come back a second time to invade the 
body (Cohen notes, Antibody Function, 2018). IgE is made up of two light and two epsilon 
chains (ε), and differs further with an extra constant domain that makes the molecular weight 
greater than IgG. It is the least abundant class in serum due to its immediate attachment to mast 
cells and basophils once it is made at 0.02 mg/dL (Cohen notes, Antibody Function, 2018). It 
also causes allergies in certain immunopathologies (Type 1). IgD is made up of two light and 
two delta (δ) chains, with an extra long “hinge” region between the Fab and Fc fragments. It is 
present in the serum at 5 mg/dL, and acts as a B cell receptor once it is made (Cohen notes, 
Antibody Function, 2018). IgA is unique in that it has four light chains, four alpha (α) chains, 
one J chain, and one secretory component. This dimer is made up of two monomers, each made 
up of two light chains and two α chains that are attached via the J chain, and the secretory 
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component wraps around the IgA unit and allows it to live in mucous membranes (Cohen notes, 
Antibody Function, 2018). It is 
protected by the secretory component 
from digestion, and exists in serum at 
high levels of 200 mg/dL to act as the 
first line of defense (Cohen notes, 
Antibody Function, 2018). Finally, the 
largest immunoglobulin is IgM, a 
pentamer with ten light chains, ten mu 
(μ) chains, and one J chain, which holds 
each of the monomer units of IgM (two 
light and two μ chains each) together at 
the center from the base of the constant 
regions (Cohen notes, Antibody 
Function, 2018). It exists in the serum 
at 100 mg/dL, and because of its size 
will not exist in larger quantities due to 
its negative impact on blood viscosity 
(Cohen notes, Antibody Function, 
2018). 

Light chains exist in two 
versions, kappa (κ) or lambda (λ), of 
which the B cell chooses early on which 
type it will make for its lifespan (Cohen 
notes, Antibody Function, 2018). B 
cells can change the class of antibody it 
makes, but it will always make light chain of 
a certain type (Cohen notes, Antibody 
Function, 2018). In each antibody, there 
exists a constant region that makes up the Fc fragment and part of the Fab fragments, a variable 
region that makes up the top part of the Fab fragments, and a hypervariable region where both 
variable regions meet up (Cohen notes, Antibody Function, 2018). The hypervariable region is 
what determines the antigen specificity of the antibody, and is a crucial region of the antibody 
for immune responses. 

When the hypervariable region (a.k.a the binding site) of an immunoglobulin class, for 
example IgG, binds to an antigen, the immunoglobulin structure bulges and initiates two 
activities: 

1. The Fc region will bind to a phagocytic cell, such as a macrophage, which have 
receptors for the Fc region of IgG 

 
8 



2. Fc region will bind with C1q, which is the beginning of the complement system 
that will clear microbes if needed. 

Two IgGs need to be binding to an antigen close together to initiate complement  (Cohen notes, 
Antibody Function, 2018). Only one IgM is needed due to the multiple subunits held together by 
the J chain. 

The specificity of antibodies for their antigen is excellent, and this specificity makes them 
great for protection against specific bacteria, especially ones that could be similar to self (Cohen 
notes, Antibody Function, 2018). However, there are cases of cross-reactivity; a 
commonly-referenced one is the streptococcus bacteria, whose antibodies cross-react with 
laminin in the heart valves and can present danger to this vital heart tissue (Cohen notes, 
Antibody Function, 2018). Activating B cells to begin producing antibodies requires binding of 
the antigen to the B cell receptor, and if the binding was strong enough and of the right fit for the 
hypervariable region, the B cell will activate (Cohen notes, Antibody Function, 2018). In the 
case of the streptococcus bacteria, which is present in strep throat and can be dangerous if 
untreated, it reacts strongly enough with laminin in heart valves to pose a danger (Cohen notes, 
Antibody Function, 2018). 

The clonal selection theory details the selection process, which is required for a B cell to 
determine what antibody it will make (Cohen notes, Antibody Function, 2018). The theory states 
that each immune system cell, not just B cells, is designed to make only one antibody, or only 
one receptor on its surface, to recognize an antigen (Cohen notes, Antibody Function, 2018). 
This selection process happens before interaction with antigen, so the process is random and 
provides great variety to the receptor shapes (Cohen notes, Antibody Function, 2018). When 
antigen does interact, the best-fitting clones are selected by the antigen to replicate and fight the 
antigen (Cohen notes, Antibody Function, 2018). 

Each B cell selects one heavy chain and one light chain. The heavy chain selection could 
be either maternal or paternal in origin, and the light chain selection of κ or λ could be maternal 
or paternal in origin as well (Cohen notes, Antibody Genes, 2018). For variable and constant 
region specificity of heavy chains, there is much more variability (Cohen notes, Antibody Genes, 
2018). Each B cell selects three different variable 
region segments by bringing each region close 
together and excising all other options: one V 
gene segment, one D gene segment, and one J 
gene segment (Cohen notes, Antibody 
Genes, 2018). There are many options (for 
example, a cell could choose a gene 
segment for D of D1, D2, D3, D4….Dn, 
etc.) for the B cell to choose from, which is where the tremendous variety in receptor specificity 
comes from (Cohen notes, Antibody Genes, 2018). There are thought to be 65 V options, 27 D 
options, and 6 J options, allowing for many combinations (Cohen notes, Antibody Genes, 2018). 
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The constant region is determined by the class of immunoglobulin being created; if the B cell is 
making IgM, the B cell’s constant region will be μ (Cohen notes, Antibody Genes, 2018). The B 
cell can change the class it expresses by deleting other classes that come before it; because the 
gene segments for μ, δ, γ, ε, and α appear in that order on the transcript, the B cell must delete 
the information to make IgM before it can make IgD, and so on (Cohen notes, Antibody Genes, 
2018). Light chains select their genes in a similar way: there are only V and J gene segments, and 
the constant region does not determine immunoglobulin classes as the heavy chain does; it only 
selects between κ or λ (Cohen notes, Antibody Genes, 2018). 

The diversity does not stop here; the joining and excising of gene segments V-D and D-J 
are not a very smooth process, and are prone to additions and deletions of nucleotides during the 
process, creating random diversity even for B cells that may choose the same VDJ combo for 
their heavy chains (Cohen notes, Antibody Genes, 2018). Sometimes, a B cell may have to 
undergo receptor editing if the mutation causes a premature stop codon or other issue. B cells 
will try to rearrange its alleles to see if the other allele “works” instead. If receptor editing does 
not work, the B cell will die (Cohen notes, Antibody Genes, 2018). 

Because antibodies have two heavy and two light chains, each one can bind two epitopes, 
or antigenic determinants detected by antibody (Cohen notes, Antibody Genes, 2018). Antigens 
are often bigger than the epitope an antibody can detect, giving antigens many epitopes for the 
immune system to detect (Cohen notes, Antibody Genes, 2018). Many antibodies binding to the 
epitopes can create an immune complex that can precipitate out of solution if large enough, and 
if the particle is cell-sized, the process is called agglutination instead (Cohen notes, Antibody 
Genes, 2018). Antigen and antibody can diffuse towards each other and interact in a process 
called immunodiffusion, and oftentimes the precipitate or agglutination product is visible (Cohen 
notes, Antibody Genes, 2018).  

B Cell Creation and Activation 

Mammalian B cells develop in the bone marrow, beginning with the first cell called the 
pro-B cell (Cohen notes, Ontogeny, 2018). This cell has begun to synthesize the mu chain, which 
is the first immunoglobulin component synthesized by the early B cell, indicating that the heavy 
chain genes of B cells are rearranged before their light chains (Cohen notes, Ontogeny, 2018). 
The pro-B cell will divide several times, and will then rearrange its light chain genes and make 
IgM, a class of antibody that is made before birth (Cohen notes, Ontogeny, 2018). This cell has 
no surface IgM, but does have cytoplasmic IgM and is called a pre-B cell. Surface IgM indicates 
that the immature B cell now exists, and when the cell is finally a mature B cell, it will also have 
IgD, a second class of antibody, on its surface (Cohen notes, Ontogeny, 2018). 

When the mature B cell is exposed to the correct antigen, it gathers its IgD and IgM 
receptors at one spot, endocytoses them, and will digest the antigen (Cohen notes, Ontogeny, 
2018). If all goes well, the cell will go on to secrete antibody. But, if an immature B cell without 
surface IgD is exposed to antigen, the receptor attempts to edit itself to not recognize self in a 
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process called clonal deletion (Cohen notes, Ontogeny, 2018). If this doesn’t work, the cell will 
activate apoptosis. When mature B cells are initially exposed to antigen, IgM antibody is 
secreted first (Cohen notes, Ontogeny, 2018). Helper T cells assist in the switch to making 
different antibody classes; switching to antibody classes IgG, IgA, or IgE can then occur (Cohen 
notes, Ontogeny, 2018). When B cells are exposed a second time to antigen, the IgM response is 
just as strong as the initial exposure, but IgG response is sooner, faster, and more prolonged. B 
cells look for free antigen in the body, and these antibody types are specific to the situation or 
location of infection (Cohen notes, Ontogeny, 2018). 

In the fetus, IgM is made before birth, but the capacity to make other antibodies is not 
developed until 3-6 months after birth (Cohen notes, Ontogeny, 2018). The mother’s IgG will 
stay in the blood stream of the baby, since it is the only antibody class that can cross the 
placenta. Even after birth, the baby retains some of this protective maternal IgG to help the baby 
fight off disease early on before it gains the capacity to make antibody itself (Cohen notes, 
Ontogeny, 2018).  
 

The Complement System 

Antibodies can activate the 
Classical pathway of the complement 
system, specifically IgG complexes 
or a single IgM antibody with 
antigen  (Cohen notes, Antibody 
Function, 2018). C1q, mentioned 
earlier as a key factor of the 
complement system, will interact 
with two Fc regions close together 
(one IgM or two IgGs), which will 
activate C4 and C2, which both 
activate C3, which finally activates C5 
(Cohen notes, Antibody Function, 
2018). C5 will go on to help with the 
creation of the membrane attack complex, made up of itself and activated C6, C7, C8 and C9 
(Cohen notes, Antibody Function, 2018). This complex forms pores in bacteria to deregulate 
their cellular processes and kill them  (Cohen notes, Antibody Function, 2018). 

The Alternative pathway is activated by structures found in the cell wall of certain 
microorganisms; some examples include endotoxin and dextrans  (Cohen notes, Antibody 
Function, 2018). C3b, an unstable breakdown product of C3, will activate C5 by allowing 
properdin to bind to the cell wall and stabilize the assembly of two C3bs, factors B and D 
(Cohen notes, Antibody Function, 2018). Activated C5 can then help to assemble the membrane 
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attack complex. This pathway plays a big role in autoimmunity, according to recent research 
(Cohen notes, Antibody Function, 2018). 

The Lectin pathway is also key in innate immunity, and is controlled by mannose-binding 
protein that will bind to foreign carbohydrates that come from bacteria  (Cohen notes, Antibody 
Function, 2018). It acts as a “C1q”, triggering the activation of C4 and C2, C3, C5, and so on to 
make the membrane attack complex  (Cohen notes, Antibody Function, 2018). 

T cells 
T cells are different from B cells in that they do not make antibody and must be present at 

the antigen site in order to interact with it (Cohen notes, T Cells, 2018). They see epitopes only if 
presented to them by a specific antigen presenting cell (APC), a cell whose job it is to present 
antigen to T cells to determine its origin (foreign or self) (Cohen notes, T Cells, 2018). T cell 
development starts in the bone marrow and moves to the thymus and peripheral lymphoid organs 
(Cohen notes, T Cells, 2018). Pre-T cells have no surface markers and exist in the bone marrow, 
but will express markers when put into the right environment. They move to the thymus, 
rearranging their V(D)J receptor genes, and then undergo the selection process for their response 
to “self plus antigen”. So again, while B cells look for free antigen in the body, T cells only see 
antigen that has been presented by an APC (Cohen notes, T Cells, 2018). 

Pre-T cells that have just arrived at the thymus will divide quickly at the periphery while 
making T cell receptors. The thymus is comprised of these developing pre-T cells and the 
supporting structures in which the pre-T cells develop (Cohen notes, T Cells, 2018). Pre-T cells 
express neither of the markers referred to as CD4 and CD8 (help in the epitope recognition 
process), but once the receptor is made, they will express both CD4 and CD8 until they are 
filtered from the cortex of the thymus to the medulla (Cohen notes, T Cells, 2018). Only about 
%1 of T cells survive this selection process, where a few mature T cells become CD4-only 
helper T cells or CD8-only cytotoxic T cells (Cohen notes, T Cells, 2018). 

There are six known types of T cells that are derived from the thymus, each with their 
own roles in the immune system (Cohen notes, T Cells, 2018). Five of these types are helper T 
cells, and one type is a killer T cell (Cohen notes, T Cells, 2018). Helpers start out as Th0, and 
are found in the paracortex of lymph nodes before they see their correct antigen. Once a dendritic 
cell presents this antigen, Th0 cells can become Th1, Th17, Th2, Tfh, or Treg cells (Cohen notes, 
T Cells, 2018). T cell numbers will decline rapidly after responding to an antigen, but memory 
cells will remain to allow for differentiation again if exposed to the antigen. Their receptors 
contain alpha and beta chains that have constant and variable regions, they recombine their 
V(D)J regions like B cells, and each chain has determining regions; all of this taking place in the 
thymus (Cohen notes, T Cells, 2018). 

Th1 cells proliferate, and their daughter cells circulate in the bloodstream until finding 
their antigen at a site of infection (Cohen notes, T Cells, 2018). They secrete lymphokines, a type 
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of cytokine made by lymphocytes that act as a short-distance mediator of cell behavior (Cohen 
notes, T Cells, 2018). Interferon gamma (IFNγ), an inflammatory secretion product of Th1, 
mediates behavior of blood monocytes that become tissue macrophages and can activate them to 
become “angry” M1 macrophages that kill foreign invaders (Cohen notes, T Cells, 2018). Th17 
cells make the inflammatory lymphokine IL-17 and has also been targeted as a component of 
many autoimmune diseases, as has Th1 cells (Cohen notes, T Cells, 2018). Th2 cells circulate 
until finding their antigen as well, releasing IL-4 and attracting M2 macrophages. M2 
macrophages are not “angry”, mainly serving to remove debris in the area and facilitate scarring. 
Eosinophils will also arrive at the site of IL-4 release to address any parasites in the area (Cohen 
notes, T Cells, 2018). Follicular helper T cells, Tfh for short, will move into the follicles of the 
lymph node and help B cells class switch from IgM and IgD to IgG, IgA, or IgE (Cohen notes, T 
Cells, 2018). They help by releasing helper lymphokines on the B cell after binding and 
interacting with the antigen presented by B cells (see below) (Cohen notes, T Cells, 2018). 
Regulatory T cells, Treg for short, exist in small numbers but are potent suppressors of all the 
other helper T cells in order to control their activity. Treg cells make the transcription factor 
FoxP3, as well as cytokines TGFβ and IL-10 (Cohen notes, T Cells, 2018). 

The killer T cell, cytotoxic T cells (CTL), can kill by engaging the death receptor, Fas, 
with its Fas ligand (Cohen notes, T Cells, 2018). CTLs can also make a cell undergo apoptosis 
by releasing perforins, which poke holes in cells, and granzymes, proteases that can enter the 
pores and trigger apoptosis. Th1 must help CTLs become activated by releasing IL-2 (Cohen 
notes, T Cells, 2018). 

To differentiate between each type of T cell, the cells have surface markers unique to 
each type; CD3 markers on all T cells, CD4 on helper T cells, and CD8 on CTLs (B cells have 
CD20 surface markers) (Cohen notes, T Cells, 2018). Major histocompatability complexes 
(MHC) are specific to each T cell type and each individual person. When antigen enters the 
body, innate immunity systems will respond initially until a dendritic cell comes to the site and 
eats pieces of the antigen (Cohen notes, T Cells, 2018). The dendritic cell will break down the 
peptides, adhere them to the MHC molecules, and will expose the MHC-plus-antigen on its 
surface, presenting it to a nearby T cell. There are two classes of MHC: Class II only binds to 
helper T cells, which express CD4 surface markers that help engage the MHC-plus-antigen with 
the T cell receptor, and Class I, which only binds to CTL cells that express CD8 surface markers 
that help engage the MHC-plus-antigen with the T cell receptor (Cohen notes, T Cells, 2018). B 
cells can also be APCs, where they endocytose an antigen, break down the fragments within an 
endosome, and display it on MHC Class II for a TfH to read its epitope and assist the B cell in 
class switching (Cohen notes, T Cells, 2018). 

When T cell precursors are in the outer cortex of the thymus during development, they 
are large in size and do not express CD4 or CD8 (referred to as CD4-/CD8-) (Cohen notes, T 
Cells, 2018). Eventually, after rearrangement of variable domains, cells will become 
double-positive (CD4+/CD8+), and then single positive when making the choice between CD4 
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and CD8 if they are selected to become a T cell (Cohen notes, T Cells, 2018). For a T cell to be 
selected, it must pass these three tests: 

1. Cannot recognize itself (autoimmunity) 
2. Cannot recognize free antigen (this is the job of antibody, not T cells) 
3. Must recognize antigen plus self-MHC 

As mentioned before, very few T cells pass these tests, and have many opportunities in the 
thymus as it brushes against cells, macrophages, self-tissue, etc (Cohen notes, T Cells, 2018). 
Immature T cells could bind to MHC (with self-antigen) very strongly, which is not favored, or it 
could bind with no affinity for MHC, which is also not favored (Cohen notes, T Cells, 2018). 
Ideally, there should be low but real affinity when the T cell receptor and MHC bind. This signal 
is favored because it ensures a successful T cell in the periphery that can recognize what self is 
and know a foreign body when it encounters it (Cohen notes, T Cells, 2018).  

Immunopathologies 

Type 1 Immunopathology 
Type 1 immunopathologies involve IgE antibodies and are usually associated with 

allergy (Cohen notes, Type I Immunopathology, 2018). When two IgE molecules bind strongly 
to Fc receptors on a mast cell and are cross-linked by an antigen (typically referred to as an 
allergen), the mast cell is signaled to rapidly release its contents. This is called the 
immediate-phase reaction (Cohen notes, Type I Immunopathology, 2018). Histamine is released 
from the mast cell, causing vasodilation and an increase in permeability at the local or systemic 
level. Histamine also allows for gut and bronchial smooth muscle contraction (Cohen notes, 
Type I Immunopathology, 2018). These processes are followed by the late-phase reaction, which 
will be detailed below after a summary of the symptoms that can be seen from Type 1 
immunopathologies (Cohen notes, Type I Immunopathology, 2018). 

Allergies are suffered by an estimated 20% of individuals (Cohen notes, Type I 
Immunopathology, 2018). But the processes behind making this excessive IgE have not yet been 
determined. Research on this is still ongoing, but we do know that production of IgE is Tfh/IL-4 
dependent (Cohen notes, Type I Immunopathology, 2018). Excessive IgE production is likely 
determined genetically, or affected by the early years of development. The allergens can enter 
the body in a variety of ways, and this will affect the symptoms experienced by patients (Cohen 
notes, Type I Immunopathology, 2018). For example, inhaled allergens will cause symptoms in 
the lungs or nasal mucosa, and if ingested, symptoms will be present in the gut or skin (Cohen 
notes, Type I Immunopathology, 2018). Some examples of Type 1 immunopathologies include 
eczema and oral allergy syndrome (Cohen notes, Type I Immunopathology, 2018). Eczema is a 
skin condition identified by chronically dry and an itchy rash that worsens as it is itched. Oral 
allergy syndrome is a special case of food allergy that causes a tingling reaction in the mouth 
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almost immediately (Cohen notes, Type I Immunopathology, 2018). Proteins that are in some 
pollens can also be found in food, and this causes a cross reaction that creates IgE in response to 
the pollen or food. Other responses to allergy can include the atopic state, where an individual 
will respond with greater sensitivity (inflammatory response) to a variety of antigens in the 
environment; the irritant in question can change as the individual develops from pollens in the air 
to foods and other triggers (Cohen notes, Type I Immunopathology, 2018). 

Type 1 reactions are made up of the immediate and late-phase reactions. Immediate 
reactions are due to the IgE cross-linkage with allergen, causing histamine release either locally 
or systemically (Cohen notes, Type I Immunopathology, 2018). Late-phase reactions occur 
roughly four to ten hours after the immediate reaction, and are due to the creation and release of 
prostaglandins, leukotrienes, and cytokines (Cohen notes, Type I Immunopathology, 2018). This 
release is the result of the activated mast cell initiating the cleavage of membrane phospholipids 
to arachidonic acid via phospholipase PLA2, which enters the cyclooxygenase pathway to create 
prostaglandins and the lipoxygenase pathway to create leukotrienes (Cohen notes, Type I 
Immunopathology, 2018). The resulting constriction of bronchioles and inflammation attracts 
eosinophils to the site, and are thus referred to as eosinophil chemotactic factors of anaphylaxis 
(ECF-A) (Cohen notes, Type I Immunopathology, 2018). 

To diagnose and treat these allergic responses, it is important to know the history of 
allergy tests. Radio-allergo sorbent tests (RAST), a blood test to detect IgE’s present for an 
allergen, have been replaced with a test called CAP-FEIA, which is a process where a sample of 
the patient’s serum is sent to a large laboratory, put in a capsule, and used in a fluorescent 
enzyme immuno assay to detect the presence of a specific allergy (Cohen notes, Type I 
Immunopathology, 2018). Other allergy tests include the skin allergy test, in which pricks of a 
specific allergen are placed below the skin surface to detect an immediate reaction to an allergen 
(Cohen notes, Type I Immunopathology, 2018). For those with asthma, the risk of fibrosis from 
continuous inflammation of the lungs can vary greatly as the disease progresses. This can be 
tested with spirometry, which is the measure of air flow detected when a patient blows into a 
mouthpiece (Cohen notes, Type I Immunopathology, 2018). Measurements of FEV1, or the 
volume of air exhaled with force in one second, are compared by getting a baseline measurement 
from a patient, and then giving them a bronchodilator before the second measurement to look for 
significant improvement (which would indicate a constriction of the bronchioles) (Cohen notes, 
Type I Immunopathology, 2018).  

To treat allergies, avoidance of the allergen is key, but raises some compliance issues if 
patients are exposed to the allergen often and cannot change their lifestyle. Antihistamines can 
work for the immediate phase reaction, and glucocorticoids (ex: inhalers for asthma) are also 
useful for a local fix to block local production of arachidonic acid (Cohen notes, Type I 
Immunopathology, 2018).  In an emergency situation, epinephrine shots are given to constrict 
blood vessels and relax smooth muscle in the bronchioles. For long-term management, 
leukotriene inhibitors can be especially helpful for asthma patients, and IgE blockers can be a 
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costly alternative for those who still suffer from asthma past childhood (Cohen notes, Type I 
Immunopathology, 2018). Long-acting beta-2 agonists can also help asthma patients when given 
with inhaled steroids, and have been successful in management of symptoms (Cohen notes, Type 
I Immunopathology, 2018). 

Type 2 Immunopathology 
Type 2 immunopathologies have to do with a form of autoimmunity in which antibodies 

target a tissue, cell, or molecule of self (Cohen notes, Type II Immunopathology, 2018). There 
are other types of autoimmunity as well, 
but they belong to other categories of 
immunopathology that will be detailed in 
future subsections. Type 2 
immunopathologies can be diagnosed 
with immunofluorescence (Cohen notes, 
Type II Immunopathology, 2018). If you 
have patient tissue, you can test if this tissue 
has antibodies on the glomerular basement 
membrane. The researcher can take rabbit or 
goat antibodies to these human antibodies, tag it with fluorescein, and add this labeled antibody 
to the sample; if it binds, there is already antibody on the tissue (Cohen notes, Type II 
Immunopathology, 2018). If you have a patient serum, you can test to see if there is antibody in 
the serum. The researcher will take a normal tissue, put the patient’s serum over the sample, and 
use the labeled antibody to test if it binds to the assumed patient antibody; if it does, then the 
patient’s serum contains these anti-self antibodies that could bind to normal tissue samples 
(Cohen notes, Type II Immunopathology, 2018). 

There are two mechanisms of tissue damage that define Type 2 pathologies: 
complement-mediated damage and stimulatory hypersensitivity (Cohen notes, Type II 
Immunopathology, 2018). Complement-mediated damage mirrors bacterial immunity, where 
antibodies made to attack self tissues can carry out their actions via lysis, phagocytosis, or 
release of lysosomal enzymes and reactive oxygen species from the phagocyte (Cohen notes, 
Type II Immunopathology, 2018). Examples of this can be seen in autoimmune hemolytic 
anemia (lysis of red blood cells). Stimulatory hypersensitivity defines a specific case in which 
the antibody in question may mimic an activating molecule for a receptor, binding to the receptor 
and causing the receptor to behave as if bound to its typical ligand (Cohen notes, Type II 
Immunopathology, 2018). Examples of this can be seen in Graves disease, also known as 
hyperthyroidism, in which excess thyroid hormones are secreted (Cohen notes, Type II 
Immunopathology, 2018). 
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There are many mechanisms by which Type 2 immunopathologies can manifest, which 
will be highlighted here. One way can be seen when an anti-self B cell is not deleted (Cohen 
notes, Type II Immunopathology, 2018). If foreign and self antigen are coupled together, this 
anti-self B cell may still detect the self antigen portion. If this anti-self B cell detects its self 
antigen, it will ingest the self-antigen and the foreign protein together, present the foreign 
epitopes to a Tfh on its Class II MHC, and become activated (since the foreign epitopes are not 
self). It would make its antibody against self (since it is an anti-self B cell), and be instructed to 
class-switch by the Tfh (Cohen notes, Type II Immunopathology, 2018). Another mechanism is 
the emergence of a clone that was supposed to be deleted via the normal clonal deletion 
mechanisms, and mature so that antigen encounters cause it to be immunized (Cohen notes, Type 
II Immunopathology, 2018). 

Cross-reaction is also a possible mechanism. If a foreign antigen and self antigen have 
similar epitopes, a cross-reaction of antibodies may cause a reaction to self antigen (Cohen notes, 
Type II Immunopathology, 2018). It is better to detect this early to find the antigen that caused 
the cross-reaction, but many patients do not have symptoms until the antigen is gone (Cohen 
notes, Type II Immunopathology, 2018). Innocent bystander reactions are another common 
mechanism where normal tissue is infected with the foreign antigen. Antibodies would be made 
against the foreign antigen, but would destroy the tissue along with the antigen in an attempt to 
get rid of the foreign material (Cohen notes, Type II Immunopathology, 2018). Finally, 
regulatory mechanisms are subject to failure; if the balance of Th1, Th17, Tfh, Th2, and Treg 
breaks down, discrimination between self and non-self may not be as clear to the body (Cohen 
notes, Type II Immunopathology, 2018). This is an area of research and could be a possible 
therapy in the future. 

Type 3 Immunopathology 
Type 3 immunopathologies have to do with immune complexes created between antigen 

and antibody (Cohen notes, Type III Immunopathology, 2018). Immune complexes may sound 
like they would be beneficial, but complexes of a particular size can cause problems in tissues. 
IgG and IgM complexes can be very large due to their divalent nature, and these are readily 
cleared from the blood by phagocytes in the liver and spleen (Cohen notes, Type III 
Immunopathology, 2018). Small complexes, such as ones between a single antigen and a couple 
of antibodies, are too small to activate the complement system; they will also be harmless. 
Complexes that are of an intermediate size are large enough to activate complement because they 
have enough nearby epitopes on the complex to do so, but are not big enough to be removed by 
phagocytes; thus, they stay in the body and get stuck in capillary beds of various tissues (Cohen 
notes, Type III Immunopathology, 2018). Antigens can be endogenous, where the underlying 
cause is autoimmunity but the issue itself is a Type 3 syndrome. However, antigens are often 
exogenous and must be in high quantity when antibody is also present in high quantity (Cohen 
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notes, Type III Immunopathology, 2018). An example of this is hypersensitivity pneumonitis, 
which is also known as Farmer’s Lung. After chronic exposure to Actinomycetes, a bacteria 
found in moldy hay, farmers can develop serum IgG antibodies to it. If the farmer inhales enough 
spores, antigen-antibody complexes can form in the lungs as the mold proteins get through the 
capillaries in the lungs. The complement system and neutrophils cause symptoms that start four 
to eight hours after exposure: shortness of breath, fever, and tachycardia (Cohen notes, Type III 
Immunopathology, 2018). 

Type 3 immunopathologies can be diagnosed and treated. They can be diagnosed with a 
blood test, which will detect a low total hemolytic complement level due to the formation of 
complexes that are just the right size (Cohen notes, Type III Immunopathology, 2018). The 
complexes can also be detected in the blood by testing their ability to bind and agglutinate beads 
that have activated complement C1q coupled to it (Cohen notes, Type III Immunopathology, 
2018). Finally, a tissue biopsy will show these complexes in the tissue itself. The biopsy is 
coated with antibodies to the immunoglobulin class, and the pattern is observed under ultraviolet 
light. If the pattern observed is lumpy and bumpy, rather than a normal linear staining that lacks 
the lumps, then a Type 3 immunopathology can be diagnosed (Cohen notes, Type III 
Immunopathology, 2018). Treatment for these conditions involves immunosuppression to 
decrease the number of complexes made, and anti-inflammatory measures to decrease the release 
of histamine (such as in cases of hives). 

Type 4 Immunopathology 

Type 4 immunopathologies are T-cell mediated and involve undesirable T-cell events 
(Cohen notes, Type IV Immunopathology, 2018). This type of immunity can be measured in the 
laboratory by incubating whole blood or isolated white blood cells with antigen in a cell culture. 
Activation can be observed by counting cell numbers (look for proliferation), looking at cell size 
for blast transformation, or at DNA synthesis by using a variety of radiolabeled precursors 
(Cohen notes, Type IV Immunopathology, 2018). Type 4 immunopathologies do not require 
antibodies or B cells like the other pathologies, but in reality most diseases involve both Type 4 
and another pathology type since the main issue tends to be a disregulated immune system 
(Cohen notes, Type IV Immunopathology, 2018). For example, autoimmune diseases often 
involve T cells, but can be driven by both Type 2 and Type 4 immunopathologies if antibodies 
are involved. Therapies to treat both pathologies exist and work effectively. For example, in 
multiple sclerosis, T cells are reactive to myelin basic protein, and thus responds to 
T-cell-directed therapies. Yet, therapies that deplete B cells have also proven to be effective for 
these patients (Cohen notes, Type IV Immunopathology, 2018).  

There exists a difference in the initiation of an immune response and the elicitation of a 
reaction when considering T cell mechanisms. Initiation begins when an antigen ends up in the 
body (seen when antigen can pass through intact skin) and associates with MHC on a dendritic 
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cell (Cohen notes, Type IV Immunopathology, 2018). This gets presented to Th0 precursors, and 
Th1 and Th17 cells divide in their usual way. By the time they are in sufficient quantity, the 
antigen may be gone and no reaction takes place (Cohen notes, Type IV Immunopathology, 
2018). Elicitation follows when you are re-exposed to the antigen, and this time, memory T cells 
expand through the body quickly, calling in inflammatory factors and macrophages. This results 
in an inflamed area, and the process is called delayed-type hypersensitivity (Cohen notes, Type 
IV Immunopathology, 2018). An example of this is seen in the tuberculin skin test, where the 
purified protein derivative of M. tuberculosis antigens is injected intradermally to observe this 
reaction. This test takes advantage of the delayed-type hypersensitivity, and a reaction would 
indicate that the test subject has memory for tuberculosis; they may have been in an area 
previously where tuberculosis is common and had that “initiation” event (Cohen notes, Type IV 
Immunopathology, 2018). 

Graft Rejection and Graft vs. Host Disease 

Foreign graft rejection falls under Type 4 immunopathology, and this study is important 
in medicine due to the number of transplants and repair of tissues that occur (Cohen notes, Type 
IV Immunopathology, 2018). During the first set reaction a skin graft from a foreign donor is 
rejected in 10-20 days because 5-10% of the recipient’s T cells react with the foreign MHC 
(some foreign MHCs look like a self MHC and a peptide). The second set reaction sees rejection 
in 5-10 days because T cell memory was developed during the first set reaction (Cohen notes, 
Type IV Immunopathology, 2018). If the graft continues to be attempted, the graft will be 
rejected before it heals in and will remain white, earning the name “white graft” or hyperacute 
reaction. Most grafts contain T cells, which means the graft also has the potential to reject the 
host in a reaction called graft vs. host disease. This develops because the T cells from the graft 
detect the graft recipient as foreign, and because they have memory, they will continue to attack 
anything that is not “self” (which in this case, “self” corresponds to the graft) (Cohen notes, Type 
IV Immunopathology, 2018). The host is attacked by these T cells, and this causes many 
problems for graft recipients who are already trying to combat their own immune system’s 
rejection of the graft. Usually, though, the host is big enough to reject the foreign lymphocytes 
(Cohen notes, Type IV Immunopathology, 2018). In acute graft vs. host disease, the disease 
develops in 2-10 weeks after a bone marrow transplant and results in rasch, diarrhea, hepatic 
inflammation with jaundice, and infection due to immunosuppression (Cohen notes, Type IV 
Immunopathology, 2018). Treatment is usually done using an anti-inflammatory drug, and 
immunosuppressives can also help even though T regulatory cells are also trying to suppress the 
immune system. Chronic graft vs. host disease develops months to years later, and with so many 
chronically activated T cells, autoimmunity has the potential to develop (Cohen notes, Type IV 
Immunopathology, 2018). 

There are ways that viral peptides can mimic proteins in the body and activate T cells as 
well, just by having matching charges and structure to a T cell receptor that matches close 
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enough (Cohen notes, Type IV Immunopathology, 2018). Mimicry of proteins such as myelin 
basic protein can pose an issue if activated; a study of these peptides found that they can 
stimulate clones of T cells from MS patients. If someone is exposed to one of these viruses, this 
could allow T cells to develop incorrect memory for the “myelin” and attack myelin in the brain 
(Cohen notes, Type IV Immunopathology, 2018). 

Immunodeficiencies 
Immunodeficiency can be congenital or acquired, with acquired immunodeficiencies 

typically occurring secondary to another condition (Cohen notes, Immunodeficiency, 2018). This 
section will cover both congenital and acquired states, as well as the tests involved for detecting 
what the specific immunodeficiency is. 

Congenital Immunodeficiencies - T and B Cell Focus 
There are several potential places along the path of development, from bone marrow to 

thymus and lymph nodes, where a defect will stunt the production of T cells, B cells, or both 
products of lymphoid stem cells in the bone marrow. A blockage in the development of a 
lymphoid stem cell and its maturation process will result in low numbers of T and B cells and is 
referred to as Severe Combined Immunodeficiency Disease (SCID) (Cohen notes, 
Immunodeficiency, 2018). This is commonly an X-linked defect (but can also be autosomal 
recessive) observed in the growth factors that are needed for the development of the lymphoid 
cell. Children with this disease rarely survived longer than a year after maternal IgG dissipates 
(Cohen notes, Immunodeficiency, 2018). A blockage between the development of a pre-B cell to 
a B cell will result in the absence of B cells and antibody, but normal quantities of T cells. 
Conversely, a normal quantity of B cells but the absence of T cells can be seen when the thymus 
does not develop the proper structure, therefore leaving it unable to support lymphoid 
development (Cohen notes, Immunodeficiency, 2018). It is rare to see a patient with high IgM 
but low IgG and IgA levels; this can result from the inability of Tfh cells to interact and signal B 
cells to switch classes (Cohen notes, Immunodeficiency, 2018). Finally, there can be normal 
amounts of B cells, but there may be difficulties in triggering their specific antibody production. 
This results in low serum IgG levels (Cohen notes, Immunodeficiency, 2018). 

There are many other congenital immunodeficiencies that are based on immunoglobulin 
deficiencies. An example of one is ataxia telangiectasia, an autosomal recessive disease that is 
due to B cell and T cell deficiencies with especially low levels of IgA. Interestingly, this is 
characterized by sinus infections and pneumonia (Cohen notes, Immunodeficiency, 2018). 
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Acquired Immunodeficiencies 
Treatments administered by doctors may be immunosuppressive in some patients. For 

example, drugs used for autoimmune and inflammatory diseases, such as corticosteroids and 
monoclonal antibodies, can be very immunosuppressive and require careful monitoring of 
exposure to infectious diseases (Cohen notes, Immunodeficiency, 2018). It is important to inform 
the patient and help them take the necessary precautions to protect themselves if their treatment 
suppresses their immune system. 

Other causes of secondary immunodeficiencies include cancer treatments such as 
chemotherapy and radiation, severe burns, malnutrition, and diabetes mellitus (Cohen notes, 
Immunodeficiency, 2018). Viral illnesses can cause secondary infection as well, such as measles 
and mononucleosis, due to their immunosuppressive nature (Cohen notes, Immunodeficiency, 
2018). 

Tests and Treatment 
If immunodeficiency is a potential diagnosis, family history and physical examination 

can help inform the doctor of how the patient is growing, present abnormalities, and if there is a 
history of related symptoms or issues within the family (Cohen notes, Immunodeficiency, 2018). 
To test for immunodeficiencies, physicians will want to begin with tests that examine the system 
as a whole (i.e. can they present antigen, recognize it, activate T cells, etc.), rather than testing 
for specific levels of a singular factor or cell marker. Doctors should start with least painful and 
cheaper tests as well before moving to more invasive and expensive examination practices; there 
is a lot of information to be collected from some of the easier blood count tests and skin tests 
before other tests can be more effective (Cohen notes, Immunodeficiency, 2018). 

To treat, doctors have a handful of options. Isolation may be used for extreme situations. 
Prophylactic antibiotics can be helpful in combinations to prevent infections, but need to be 
rotated to prevent resistance (Cohen notes, Immunodeficiency, 2018). Human immunoglobulin 
may be given for those who are deficient in B cell function. This can help for several weeks, but 
needs to be injected regularly to maintain the increased level. Finally, transplant of stem cells can 
help those with severe or life-threatening immunodeficiency, but the risks of rejection need to be 
weighed (Cohen notes, Immunodeficiency, 2018). 

Vaccines 
Immunity can be induced either naturally or artificially, in an active or passive manner. 

Natural and active immunity is the typical immunity we think of; a person is exposed to a 
pathogen, develops memory for that pathogen, and can fight it the next time exposure occurs 
(Cohen notes, Vaccines, 2018). Natural and passive immunity implies that you are using 
immunity from another organism, and in this case, an example is seen in the way a fetus has 
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immunity from the IgG of the mother that crossed the placenta (Cohen notes, Vaccines, 2018). 
Artificial active immunity is the result of vaccination, where a preparation of antigen helps to 
teach the immune system to fight a specific antigen. Artificial passive immunity is used when a 
patient is at risk for a disease; an immune serum is prepared to help with treatment of a disease, 
which could come from a human or a different organism (Cohen notes, Vaccines, 2018). 

Several examples of vaccines exist that have proven to be quite successful when used. 
The smallpox vaccine was the most successful, and this disease has been eliminated by 
vaccination (Cohen notes, Vaccines, 2018). This was important because smallpox was a horrible 
disease with no effective treatments. Diphtheria vaccinations are very cheap and immunity lasts 
for many years before a booster is required. Those who refrain from the vaccination or cannot 
take the vaccine for pertussis, or whooping cough, have a 20-fold increased risk of getting the 
disease (Cohen notes, Vaccines, 2018). Measles also has high immunization in the United States, 
and only 100 cases were reported in 2000 when the immunization rate was near 90%. However, 
in our world today, there has been a growing movement to avoid vaccination (Cohen notes, 
Vaccines, 2018). Particularly in Europe, low rates of measles and rubella vaccinations have 
created an increase in infection that can be dangerous if these patients come in contact with 
vulnerable populations who have compromised immune systems, or infants with developing 
immune systems (Cohen notes, Vaccines, 2018). 

There are vaccines that have caused problems for patients in the past. A new vaccine 
against rotavirus (cause of severe diarrhea) was released in the late 1990s, and within a year, 
intussusception was seen in children and the vaccine was discontinued (Cohen notes, Vaccines, 
2018). This telescoping of the bowel was likely due to the hypertrophy of the Peyer’s patch after 
a strong immune response, allowing for normal peristalsis of the bowel to pull the bowel along 
itself and cut off circulation to the bowel tissue. There are new alternatives available now for 
rotavirus vaccination. However, occurrences of this type with many vaccinations are rare and 
often coincidental (Cohen notes, Vaccines, 2018). 

The herd immunity percentage is a crucial value to pay attention to when talking about 
immunity in a population. Unfortunately, there exists a subset of individuals that cannot take a 
vaccine due to immunosuppression (from disease, treatment, etc.), age (ex: infants are too young 
for certain vaccinations), or other medical issues (Cohen notes, Vaccines, 2018). Herd immunity 
is the portion of a population that is immune to a particular type of infection, and if this 
percentage is high enough, the herd effect can be seen (Cohen notes, Vaccines, 2018). This effect 
is the decrease in the rate of infection for those that are not immune to a disease, and can protect 
these vulnerable populations from getting sick with a certain disease (Cohen notes, Vaccines, 
2018). 

For those that can, getting immunized has several benefits that can be seen in the 
antibodies created against viruses. Antibodies against viral infections can prevent viruses from 
establishing themselves in a cell and alter cellular function (Cohen notes, Vaccines, 2018). T 
cells play the role of killing infected cells, but the viruses that sit latent in a cell and go 
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undetected are hard for the immune system to address and remove. By having immunity against 
these viral infections, you can stop the virus before it reaches this point (Cohen notes, Vaccines, 
2018). Local immunity in the form of secretory IgA at the mucus membranes can protect the 
body right from the start; if the virus gets past those defense mechanisms, sufficient levels of IgG 
antibody in the serum will act as the next line of defense (Cohen notes, Vaccines, 2018). 

Immunology spreads into other specialties of medicine as well. Dentists can also act as 
immunologists when addressing periodontal disease, which is infection to the bone around the 
tooth (Cohen notes, Vaccines, 2018). This tissue damage is due to an immune response to 
bacteria between tooth and gum. Vaccines to these organisms would likely solve many problems 
of periodontal disease and decrease infection dramatically. Proof of this can be seen in those that 
are put on immunosuppressive medication; periodontal disease often improves in these patients 
(Cohen notes, Vaccines, 2018). 

The future for vaccines is bright, and the field is already investigating ways to make new 
vaccines. DNA vaccines, or vaccines that carry genetic immunity to be injected into a patient, 
could be put into the skin or muscle, get inside a cell, and be a part of normal cellular 
transcription and translation (Cohen notes, Vaccines, 2018). The benefits can be seen in the rapid 
effect of immunity it provides; the patient is now its own source of antigen to stay immune. This 
type of vaccine would also be more stable than a protein and would be beneficial for places 
where delivery and storage are difficult (i.e. remote locations). There are many trials still in the 
works, and further development is needed (Cohen notes, Vaccines, 2018). 

Tumor Immunology 
The immune surveillance theory was far ahead of its time, but was suggested by Lewis 

Thomas to explain the purpose of the adaptive immune response. He stated that it evolved to 
detect differences in the cell surfaces of body cells, not as much for the defense against foreign 
material (Cohen notes, Tumor Immunology, 2018). Differences in cell surface could be due to 
damage and/or mutation of the cell, and T cells existed to police the surface of cells to detect and 
destroy abnormal cells before mutants could arise. There is good evidence for this; those who 
have immunodeficiencies in their T cell count have a higher incidence of cancer, more T cells 
identified in a tumor that are specific to that tumor, and a small number of tumors that will 
regress in a seemingly random way (Cohen notes, Tumor Immunology, 2018). Immunoediting 
also provides good evidence. The first stage of immunoediting, termed “elimination”, highlights 
that the extreme length of time it takes to generate a gram of tumor cells, when compared to cell 
cycle time, does not add up unless something is eliminating most of the cells that are mutagenic 
as time passes (Cohen notes, Tumor Immunology, 2018). Equilibrium, the second stage, shows 
that lymphocytes will go to attack the tumor but do not destroy it fully, instead opting to exist in 
equilibrium as long as the immune response is strong. This prevents its growth (Cohen notes, 
Tumor Immunology, 2018). Finally, in the escape stage, it has been known that tumor cells do 
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fight back when attacked, and have ways to evade the immune system such as modifying their 
antigens, suppressing the immune system with its own factors, or preventing attack by 
macrophages (Cohen notes, Tumor Immunology, 2018). 

The antigens these tumors modify actually exist on all body cells, but in a small quantity. 
These are called tumor-associated antigens (TAA) (Cohen notes, Tumor Immunology, 2018). A 
subclass of these can be recognized by our immune system and are called tumor rejection 
antigens, which could be detrimental to the tumor. There are also viruses that can induce a 
tumor, most notably cervical cancer caused by the human papilloma virus (there is a vaccine for 
this) (Cohen notes, Tumor Immunology, 2018). Other antigens on tumors may be created by 
carcinogens that mutate proteins in the body, making a brand new antigen that may not appear in 
all forms of that tumor in other organisms. These are referred to as tumor-specific antigens 
(TSA) because of their potentially unique conformation (Cohen notes, Tumor Immunology, 
2018). 

The immune system can kill tumor cells with several different mechanisms. Cytotoxic T 
cells (CTL, CD8+) are important to the process because they can recognise TAAs presented by 
MHC class 1 (Cohen notes, Tumor Immunology, 2018). This triggers the activation of clonal 
expansion, and lytic properties of CTL are activated. They induce apoptosis through the perforin 
pathway or the Fas-mediated pathway. IFNγ is released from CTLs as well to attract 
macrophages (Cohen notes, Tumor Immunology, 2018). However, there has been research done 
that suggests T cells do not produce cytokines in the presence of tumor cells (i.e. the tumor 
induces the behavior). Th1 cells (CD4+) recognize tumor antigens as well, making lymphokines 
and attracting the M1 macrophages to the site (Cohen notes, Tumor Immunology, 2018). They 
can also help activate CTL, but tumors protect themselves by making an 
M2-macrophage-friendly environment to protect itself. There is some potential here in cancer 
research to help this system get activated and bring in more M1 macrophages to the site of the 
cancer (Cohen notes, Tumor Immunology, 2018). 

Several other cells in the immune system play a role in killing tumor cells. Natural Killer 
cells can recognize and destroy a very wide range of tumors without coming from an immunized 
host, highlighting their role in innate immunity (Cohen notes, Tumor Immunology, 2018). 
Macrophages and neutrophils can be activated in vitro to kill tumor cells as well, and this can be 
effective before tumor cells attempt to recruit them in support of tumor growth. Finally, 
antibodies and the complement cascade play small roles, as antibodies do not typically correlate 
with tumor resistance since tumors decrease the amount of antigen they express or resist 
complement entirely (Cohen notes, Tumor Immunology, 2018). 

There is some hope for future immunotherapies being developed, since our own immune 
system provides the best way to detect and destroy our cells. Making a tumor vaccine could 
prove to be successful as more TAAs are identified and discovered (Cohen notes, Tumor 
Immunology, 2018). So far, a series of expensive immunizations to prostate cancer have been 
developed. This immunization, called Provenge, mixes patient dendritic cells with prostate 
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cancer TAAs and puts them back into the patient, showing extended survival for the patient in 
tests thus far (Cohen notes, Tumor Immunology, 2018). Antibody therapy used against TAAs 
also may prove to be useful in the form of monoclonal antibodies (mAb), which are highly 
specific to one key epitope. These antibodies could be tagged with poisons or radioisotopes for a 
therapeutic purpose (Cohen notes, Tumor Immunology, 2018). Antibodies to growth factors on 
tumor receptors could also help to slow self-stimulating tumors. Herceptin, an example of this, is 
a new drug that acts as a mAb to the HER2 surface stimulatory molecule for HER2 positive 
breast cancers (Cohen notes, Tumor Immunology, 2018). Adoptive cell transfer therapy 
technology has been developed specifically for hard-to-reach cancers, where cells that could 
fight the tumor are isolated from the tumor (called tumor-infiltrating lymphocytes or TIL) and 
are expanded in culture. The expanded clones are reintroduced to the patient after depleting the 
patient immune system to make room for them, and will go kill the rest of the tumor without 
having to attempt surgery (Cohen notes, Tumor Immunology, 2018). 

AIDS 
AIDS, or “acquired immune deficiency syndrome”, is diagnosed today by detecting 

infection of the virus that causes it. The most common way for infection to be detected is to find 
antibody to that virus, called human immunodeficiency virus (HIV-1), which will then lead to 
symptoms of opportunistic infection, Kaposi’s sarcoma (cancer in the lining of blood and lymph 
vessels), or helper T cell levels below 200/microliter of blood (the normal range is 
500-1000/microliter). AIDS cases and death rates have dropped significantly in recent years due 
to the increased availability of better treatments (Cohen notes, AIDS, 2018). 

HIV-1 is referred to as a non-transforming retrovirus. This means it is an RNA virus that 
copies its RNA to DNA via its own reverse transcriptase enzyme, and has no specific oncogene 
it carries (Cohen notes, AIDS, 2018). HIV moved from Africa to the Caribbean and slowly to 
Europe and the United States by the 1970s, but the virus is thought to be relatively new after 
evolving from the Simian Immunodeficiency virus (SIV) as recently as the 1940s (Cohen notes, 
AIDS, 2018). What makes HIV-1 so difficult to treat is its antigenic variability; due to the 
error-prone reverse transcriptase enzyme, mistakes are made every 100,000 base replications, 
and there are no proofreading abilities. Before HIV drugs were developed in the 1980s, most 
individuals died of infections, but a small subset of individuals were long-term survivors (LTS) 
(Cohen notes, AIDS, 2018). A group of these survivors are missing CCR5, a chemokine receptor 
that is also an HIV coreceptor. This has been the focus of international debate in recent years 
after CRISPR genome editing technology was illegally used to edit out the CCR5 gene in twin 
babies in China. 

It only takes a single exposure to the virus to lead to the development of high viral 
concentrations (Cohen notes, AIDS, 2018). When the virus gets into the body, it sneaks into the 
lymph nodes by binding to lectin on dendritic cells, which allows it to be taken up unharmed and 
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moved to the lymph nodes undetected (Cohen notes, AIDS, 2018). It binds to CD4 on helper T 
cells using its glycoprotein gp120, inducing a conformational change that allows HIV to bind its 
co-receptor CCR5. When first infected, binding to the chemokine receptor will change the 
conformation of the gp41 protein associated with gp120, expose a hydrophobic pocket, and 
remove the whole T cell membrane to 
allow fusion of the cell and the virus 
(Cohen notes, AIDS, 2018). This 
allows the virus to inject itself into the 
cell, use reverse transcriptase, and 
hijack the cell machinery to make 
double-stranded DNA from its RNA 
that will then be inserted into the host 
cell’s DNA to remain latent (as it is 
copied into new cells). This long 
period of being seropositive (defined as 
a positive result after a blood test) is 
characterized by a lack of symptoms 
that lasts for many years, which is a 
state that can now be maintained for life 
so that further steps do not take place 
(Cohen notes, AIDS, 2018). If it progresses, a minor opportunistic infection can develop next, 
followed by major opportunistic infections or malignant tumors, leading to the full onset of 
AIDS. AIDS can also cause dementia as it progresses, adding to the nasty effects of the disease 
(Cohen notes, AIDS, 2018). 

The most common way to diagnose is to test for antibody to HIV using an ELISA test 
(enzyme-linked immunosorbent assay to detect presence of antibodies) and Western Blot 
analysis (protein separated by electrophoresis, fixed to nitrocellulose, and stained with patient’s 
antibodies) (Cohen notes, AIDS, 2018). These antibodies have no protective features to block 
infection of Th cells because the virus is able to rapidly mutate and escape if an epitope has a 
neutralizing effect on the virus (Cohen notes, AIDS, 2018).  

Treatment has been developed in the form of antiretroviral drugs, which did not exist 
when AIDS was first characterized. The two classes of reverse transcriptase inhibitors are 
nucleosides (NRTI), which competitively inhibit the virus and are chain-terminators, and 
non-nucleoside (NNRTI) inhibitors that bind to an enzyme pocket and decrease activity of the 
catalytic side. These drugs used together are very effective in preventing the mutation and escape 
of the virus (Cohen notes, AIDS, 2018). Other drugs that have been created include protease 
inhibitors and small peptide fusion inhibitors, which act to help prevent protein production and 
conformational changes. CCR5 antagonists like Maraviroc are also on the market, preventing 
CCR5 from engaging with gp120. Raltegravir blocks the viral DNA copy from being inserted 
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into the cell’s DNA, and is seen as an effective integrase inhibitor for those who have very 
resistant strains of HIV (Cohen notes, AIDS, 2018). In general, standard treatment for HIV 
patients is referred to as antiretroviral therapy, or ART, and involves the combination of two 
NRTIs and a third drug (typically an NNRTI). The cost of this pill is high, and makes worldwide 
distribution of these important treatment techniques difficult (Cohen notes, AIDS, 2018). 
Generics need to be created and distributed for cheap, and efforts to make these are ongoing 
(Cohen notes, AIDS, 2018). 

To prevent the spread of HIV, and thus AIDS, there are safer practices that individuals 
can follow. Safer sex practices such as using condoms can be effective, and male circumcision 
has helped greatly in parts of Africa (Cohen notes, AIDS, 2018). Prophylactic ART will actually 
protect a member of a couple without the virus, and will also protect a fetus if the mother is HIV 
positive. Disinfectants used on the virus will eliminate it, and medical practices regarding the use 
of different machines that handle human blood need to be strict (Cohen notes, AIDS, 2018). The 
trouble with making a vaccine can be seen in the ability for the virus to mutate greatly from its 
original form, and HIV’s long-term latency protects it from drug treatments. There is also no 
known example to date of someone who has cleared the virus with their immune system, and 
thus no basis to help those who aim to design a vaccine (Cohen notes, AIDS, 2018). For now, 
ART practices have been greatly effective in many HIV seropositive patients, and can extend life 
for the patient while also decreasing further transmission of the virus to others (Cohen notes, 
AIDS, 2018). 

Biologics  

What Are Biologics? 
Biological drug, biopharmaceutical, or just simply “biologic”: these interchangeable 

terms are used to describe a unique drug that has been around longer than most realize (Lybecker 
2016). Biologics are defined as a large molecule produced by a living organism, which can 
include DNA, therapeutic proteins, and monoclonal antibodies (Lybecker 2016). This contrasts 
the typical drugs many think of, known as “small molecule” drugs, which are pure chemical 
structures made through a standard recipe in which the entire structure is known (Lybecker 
2016). These drugs include many familiar names: acetylsalicylic acid (Aspirin), atorvastatin 
(Lipitor), oxycodone (OxyContin), and amphetamine and dextroamphetamine (Adderall XR), 
just to name a few (Lybecker 2016). Their mechanism of action is understood, and they typically 
do not cause an immune response (i.e. low immunogenicity) (Lybecker 2016). 

Biologics are different from these, however. Their structures are difficult to characterize, 
and oftentimes the entire structure or mechanism may be unknown (Lybecker 2016). Biologics 
are not purified in a laboratory with a specific recipe; rather, they are made from a living 
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organism and can be contaminated easily during production (Lybecker 2016). Table 1 below 
displays a more detailed distinction between biologics and small molecule drugs, which 
emphasizes the 
challenges biologics 
present and how their 
molecular sensitivity 
makes them difficult 
to create, 
manufacture, and 
study in detail 
(Lybecker 2016). The 
pharmacological 
analysis acronym 
ADME (absorption, 
distribution, 
metabolism, and 
excretion) is also 
highlighted here as a 
key difference due to 
the impact that a slow 
absorption or limited 
distribution of 
product may have on 
the patient’s body and 
its ability to use the 
drug. 

Within the 
category of biologics, 
there are also two 
subcategories referred 
to as first generation and second generation biologics (Lybecker 
2016). First generation biologics have been used for decades and 
include products we are all familiar with: insulin, blood and blood 
products, and vaccines fall under this category (Lybecker 2016). 
These biologics were taken directly from animals and human cells in 
culture (Lybecker 2016). They have been incredibly important in 
medicine for years, and served as the basis of creation for second 
generation biologics (Lybecker 2016). This new generation of therapies include complex protein 
molecules made using recombinant DNA technology in the laboratory (Lybecker 2016). Cells 
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that are genetically engineered to produce the drug are used in the laboratory space, rather than 
taking the product from a living organism (Lybecker 2016). Examples of biologics include 
epoetin alfa (Epogen), trastuzumab (Herceptin), secukinumab (Cosentyx), and adalimumab 
(Humira), the last of which has been the top-selling drug since 2014 (Njarðarson Group 2018). A 
look at some specific biologic drugs will be the focus of this thesis in future sections. 

The market for biologics has grown tremendously in recent years, and their success in 
patients with a variety of health conditions means more money in the pockets of the 
pharmaceutical industry. In 2004, biologics were just beginning to take off, growing at twice the 
rate of small molecule drugs, with the market for monoclonal antibody biologics alone forecasted 
to surpass 60 billion by 2010 (Grabowski 2006). By 2017, biologics were responsible for 37% of 
drug spending by all companies, with 93% of the total market growth in net spending due to 
biologics, not small molecule drugs (Roy 2019). In 2018, with sales at $125 billion worldwide, 
seven of the ten top-selling drugs worldwide were biologics, the majority of which target 
immunological diseases and certain types of cancers (Njarðarson Group 2018). There is a 
significant amount of money available to be made by those who can out-innovate current 
treatment standards, so the success of current biologic treatments will be assessed to examine 
why these drugs have taken off. 

Early Biologics 

Blood Products 
The earliest use of biological medical products can be traced back to 1667, when a 

French doctor performed a blood transfusion from animal to man (Eschner 2017). Jean-Baptiste 
Denys used sheep’s blood in a human, and thankfully, the quantity was small enough that it did 
not kill the boy (Eschner 2017). When the first three blood types were discovered in 1900 by 
Austrian physician Karl Landsteiner, and further blood types discovered just a few years later, 
the door was opened to safely transfuse blood in humans (Eschner 2017). By 1907, Reuben 
Ottenberg was able to use cross-matching techniques to safely transfuse human blood (Eschner 
2017). Finally, in 1940, the United States opened up the first national blood collection service, 
and blood products became widely used in treatment (Eschner 2017). 

Vaccines 

The first vaccine, created by Edward Jenner in 1796, was one of the first steps in 
eradicating the disease entirely (Riedel 2005). Jenner had heard stories of milkmaids who caught 
cowpox, but after recovering had developed some kind of protection from catching smallpox 
(Riedel 2005). Jenner hypothesized that the protection granted by cowpox from smallpox could 
be transferred from person to person, so he inoculated a 12-year-old boy with material from a 
cowpox lesion on a milkmaid’s hand (Riedel 2005). The boy recovered from cowpox, and after 
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being injected with smallpox, he never fell ill (Riedel 2005). Today, there are vaccines for many 
awful diseases: measles, mumps, rubella, influenza, hepatitis A and B, human papillomavirus, 
polio, pertussis, and many others (Riedel 2005) (Various Authors at CDC 2018). However, only 
smallpox has been fully eradicated; other diseases have been close before, but as referenced in 
previous sections, misinformation about vaccines has decreased the percent of the world 
population that is vaccinated against these diseases, thereby decreasing the herd immunity 
(Cohen notes, Vaccines, 2018). 

Insulin 

Insulin’s discovery for use in diabetics dates back to just 1922 (Bliss 11). Prior to this 
time, diabetic patients often lived a short life and died from the disease or starvation on 
low-carbohydrate diets (Bliss 11). 14-year-old Leonard Thompson was dying from diabetes, and 
after receiving the first injection of insulin, his blood glucose levels dropped to normal levels 
(Bliss 12). Insulin was taken from cows and pigs and saved countless lives for the next 60 years 
(Bliss 116). However, the problems of a potential allergic reaction to cow or pig insulin products 
were a risk patients and doctors dealt with frequently, in addition to limited supplies (Bliss 146). 
In 1978, the first synthetic, genetically-engineered human insulin was produced, using E. coli to 
generate the synthetic insulin (Bliss 147). The first commercial synthetic insulin was sold in 
1982 under the name Humilin, and today, there are several brands of insulin that continue to save 
the lives of both Type 1 and Type 2 diabetics (Bliss 147). 

By definition, insulin is a biological medical product, but it only recently earned the legal 
classification of a biologic in March 2020 (Abernethy 2020). Under the new classification, the 
market for insulin may soon see more competition, and thus a decrease in price (Abernethy 
2020). This will aim to relieve the financial stress experienced by diabetics, who often pay nearly 
$1000 out of pocket per month to cover their treatment (Abernethy 2020). More information on 
this reclassification will be included in the section entitled “Market Value of Biologics”, which 
will further detail the importance of this change. 

These first-generation biologics have helped countless individuals, and are still widely 
used today. This history sets up the remaining sections of this paper to detail second-generation 
biologics, which are made with biotechnological methods and pre-programmed cells. 

How Biologics are Made 
While first generation biologics come directly from a living organism, the process of 

creating a second generation biologic is more complex. Furthermore, the process of making a 
biologic differs between each biologic because each drug targets a specific body system and has 
a unique outcome. In this section, the process of recombinant DNA creation, information on 
Food and Drug Administration (FDA) approval, and testing for all biologics will follow. 
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Drug Creation 
Creation via recombinant DNA follows four general steps. There are hundreds of smaller 

steps involved, and steps may look different for each drug, but the general outline is the same. 
First, a piece of DNA is found to produce a large amount of a key protein (Lybecker 2016). This 
active ingredient is the key component of the drug. Second, the DNA is inserted into one living 
cell, which could be a bacteria cell, yeast, virus, or even a mammalian cell (Lybecker 2016). 
Third, the cell copies itself many times and produces a large amount of that specific protein 
(Lybecker 2016). Fourth, the protein is isolated and added to the biologic drug (Lybecker 2016). 

Biologics are large in size and have weak chemical bonds holding the molecules together 
(Lybecker 2016). This makes them sensitive to temperature changes and mishandling, so 
packaging of the drug must be done with care. Any small change to the manufacturing and 
packaging of biologic drugs can prevent the protein from doing its job, so a great amount of care 
must be taken when handling them during manufacturing (Lybecker 2016). Even a minor 
difference in the cell line or the production steps can change the protein, and thus the patient's 
response to the drug (Lybecker 2016). 

FDA Approval and Testing 
When approval for small molecule drugs is performed, the entire structure of the 

molecule is assessed (FDA Website Authors 2018). It’s characteristics, potential impurities, 
strength, and success are analyzed and evaluated against the current standard of care (FDA 
Website Authors 2018). However, oftentimes the structure of biologics is not known in its 
entirety, and researchers cannot describe every molecule (FDA Website Authors 2018). Thus, 
the FDA looks at the manufacturing process instead, evaluating the consistency of the end 
product and consistency between batches (FDA Website Authors 2018). To ensure the biologic 
is safe and produces a beneficial outcome for the patient, responsibility belongs to the Center for 
Biologics Evaluation and Research (CBER) (FDA Website Authors 2018). This regulatory 
center under the FDA ensures that biologics are available to those who need them, and 
encourages safe usage by the public (FDA Website Authors 2018). 

Side Effects and Immunogenicity 

Individual side effects for biologics vary depending on the protein structure, mode of 
administration, and intended target. One key factor to consider is the immunogenicity of the 
biologic. Immunogenicity is defined as the ability for a substance to cause an immune response 
in the body, and must be monitored closely in biologic drugs (Lybecker 2016). Much of the 
protein structure of biologics is unknown, and another part of the protein can cause an unwanted 
immune response in the patient that can cause more harm than good (Lybecker 2016). In 
addition, this element of uncertainty means that antibodies produced to fight the biologic may 
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not have an effect, or could inactivate other proteins in the body that play other critical roles 
(Lybecker 2016). 

Examples of immunogenicity errors have been seen with the rise of biologics, and a 
recent case in the production of epoetin alfa (Eprex) by Johnson & Johnson in 2011 highlights 
this problem (Lybecker 2016). Eprex helps patients suffering from anemias and other blood or 
kidney issues, acting as an erythropoiesis-stimulating agent (ESA) in the production of 
erythrocytes (Lybecker 2016). The company shifted the manufacturing techniques for Eprex 
after a decade under the former method with no issues (Lybecker 2016). A small portion of 
patients experienced severe reactions, rendering them unable to make red blood cells with or 
without Eprex (Lybecker 2016). Eventually, this problem was corrected, but at the cost of 
patients’ well-being, time, resources, and company funds (Lybecker 2016). 

The importance of quality control in biologics cannot be overstated. This is important for 
any drug type, but even more so for these bioengineered drugs. Any slight change in production, 
manufacturing technique, packaging, and distribution could be detrimental to patient health. 
Instructions on packaging for patients are also critical; many biologics need to be kept at a 
specific temperature before use in order to preserve the active ingredient (Speekaert et. al 2016). 
Denaturing of an active protein structure could render the drug useless. 

Examples of Biologics 
Biologics come in many different forms to treat a disease. Some of these forms include 

cell and gene therapies, interferons, monoclonal antibodies, and recombinant proteins (Lybecker 
2016). This paper focuses on the immunological uses of biologics to treat autoimmune disorders, 
so other protein forms will not be discussed in detail. However, advances are being made in all 
areas and types of 
biologics, including 
monoclonal antibodies, to 
treat disease. Figure 14 
shows a diagram of this 
growing development in all 
types of biologics by 
product category 
(Lybecker 2016). Although 
many other product categories are being used 
and developed, the research and advancements 
made in biologics today emphasize the 
knowledge and use of immunology principles 
in order to treat diseases. Since vaccines have 
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been detailed above in the background of this paper, the following examples will focus on 
medicines that employ other immunological techniques. 

Adalimumab (Humira) 
As the “mab” at the end of its name indicates, adalimumab, better known as Humira, is a 

monoclonal antibody that was approved in 2002 for the treatment of rheumatoid arthritis 
(Glasure 2018). It is composed of human heavy-chain and light-chain variable regions and 
human immunoglobulin G1 (IgG1) κ constant regions. The name “Humira” is an acronym for 
“HUman Monoclonal antibody In Rheumatoid Arthritis”, but the drug is approved today to also 
treat psoriasis, Crohn’s disease, ankylosing spondylitis, psoriatic arthritis, polyarticular juvenile 
idiopathic arthritis, and non-infectious uveitis (Glasure 2018) (Mease 2007). Rheumatoid 
arthritis, in particular, is an inflammatory autoimmune disorder that primarily attacks the lining 
of joints, and can also affect eyes, skin, and blood vessels (Mease 2007). Monoclonal antibodies 
such as adalimumab are relatively new, with adalimumab being the first completely human 
recombinant IgG1 monoclonal antibody developed (Mease 2007). It has been the top-selling 
drug in the United States since 2014, and continues 
to offer relief to many individuals with these 
debilitating autoimmune disorders (Njarðarson 
Group 2018). 

Adalimumab works to inhibit the 
progression of joint damage and improve the 
functioning of those with rheumatoid arthritis, as 
well as improve the functioning of those with 
psoriatic arthritis and reducing the appearance of 
psoriasis (Mease 2007). It does this by blocking the 
interaction of tumor necrosis factor (TNF) with the 
cell surface receptors for TNF, called p55 and p75, 
as seen in Figure 11 (Mease 2002). TNF is found 
in high quantities in the synovial fluid and the sera 
of rheumatoid arthritis patients, which triggers 
these inflammatory pathways that result in these 
diseases (Mease 2007). These monoclonal 
antibodies for TNF can bind and remove TNF from 
the patient, reducing the inflammatory response 
and other TNF signaling that can be 
detrimental to the patient (Mease 2007). 
Soluble TNF receptors that are found naturally 
in the body perform a similar task, and are in 
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high levels in patients with psoriatic arthritis, osteoarthritis, and rheumatoid arthritis (Mease 
2007). But, soluble receptors cannot keep up with the increased levels of TNF caused by the 
autoimmune reaction to the linings of joints, for example, in rheumatoid arthritis (Mease 2007). 
Research on soluble TNF receptors has shown that the levels of TNF and p55 receptors in 
rheumatoid patients are significantly higher than osteoarthritis patients or those with gout, which 
points to the importance of adalimumab in removing TNF from the sera and synovial fluids to 
prevent damaging and irreversible inflammatory responses to the patient (Lee 1997). 

From a pharmacodynamic standpoint, adalimumab’s mechanism of action continues in a 
cascade of decreased inflammatory responses. Some noteworthy pharmacodynamic 
consequences are mentioned here, though there are many studies that show decreased levels of 
many cytokines that play a role in inflammatory responses, including IL-6 and IL-8 (Mease 
2007). Serum concentrations of matrix metalloproteins (MMP), such as MMP-1, MMP-3, 
pro-MMP-1, and pro-MMP-3 are indicators of synovium breakdown and cartilage turnover 
because they are involved in the process of breaking down connective tissue and remodeling it in 
the body (Mease 2007). With adalimumab, the concentration of these MMPs were significantly 
lowered (Mease 2007). In addition, adhesion molecules that allow for migration of leukocytes to 
joint areas are in significantly lower quantity when adalimumab is administered (Mease 2007). 
Finally, because of adalimumab’s monoclonal antibody structure, normal immune system 
response and functioning is not changed as a result of the medication (Mease 2007). 

The choice of designing a monoclonal antibody to TNF provides several advantages for 
researchers. As mentioned in previous background information, monoclonal antibodies are 
highly specific to one epitope, which limits the potential for detrimental cross-reactivity in the 
body (Mease 2007). It does not bind to lymphotoxins, another type of cytokine, or interleukins, 
such as IL-1 and IL-17, which are also involved in the inflammatory process (Mease 2007). In 
addition, the existence of adalimumab as a fully human IgG allows it to be indistinguishable 
from naturally-occuring IgG in the body, decreasing its immunogenicity and allowing for 
long-term use (Mease 2007). Its half life of 10-20 days is comparable to naturally-occuring IgG 
as well (Mease 2007). 

Before adalimumab, most individuals who were diagnosed with rheumatoid arthritis were 
treated with conventional disease-modifying antirheumatic drugs (DMARDs) (Benjamin 2020). 
Conventional DMARDs, as opposed to biologic DMARDs, are small molecule drugs that are 
immunosuppressive and immunomodulatory, often being used in the treatment of autoimmune 
disorders, cancer treatments, and other inflammatory diseases (Benjamin 2020). Examples of 
these include well-known immunosuppressive drugs methotrexate (C20H22N8O5, the most 
frequently prescribed conventional DMARD for rheumatoid arthritis (Cutolo 2001)), 
leflunomide (C12H9F3N2O2), hydroxychloroquine (C18H26CIN3O), and sulfasalazine 
(C18H14N4O5S), all which have a variety of uses in many autoimmune diseases (Benjamin 2020). 
When adalimumab was first approved and prescribed to patients, research in combination 
therapy became important due to the proven success of many DMARD drugs (Mease 2007). 
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Although adalimumab was shown to be a 
good treatment for those who had problems 
taking DMARDs, many individuals who 
began treatment with them had outcomes that 
were not desirable and wanted additional 
relief from symptoms and irreversible 
damage (Mease 2007). Adalimumab, 
classified as a biologic DMARD, was thought 
to be more effective in patients when 
combined with a conventional DMARD, such 
as methotrexate (Mease 2007). There is now 
research to support this claim, with patients 
reporting significantly better outcomes on 
combined therapy than just adalimumab or 
methotrexate alone, and operationalized 
variables for improvement reflecting these 
claims (Mease 2007). This outcome can be 
seen in Figure 12 (Mease 2007). 
 

 
 

Secukinumab (Cosentyx) 
Secukinumab also bears the “mab” ending to draw attention to its status as a monoclonal 

antibody, and was originally approved to treat plaque psoriasis in 2015 (Fala 2016). As a newer 
drug, it has only received approval to treat psoriasis, psoriatic arthritis, and ankylosing 
spondylitis to date, but is the first drug of its kind and mechanism of action approved by the FDA 
(Fala 2016). It is also a fully human IgG1 with κ constant regions, and has provided relief to 
patients for whom another biologic or DMARD did not work as effectively (Speeckaert et. al 
2016) (Blair 2019) (Fala 2016). 

Psoriasis affects nearly 7.5 million people in the United States, making it the most 
common autoimmune disease in the country (Fala 2016). It is more than just a cosmetic problem; 
psoriatic arthritis affects 30% of that population, and those with psoriasis suffer from mental 
health problems, are at an increased risk for myocardial infarction and stroke, and can suffer 
from type 2 diabetes (Fala 2016). Ankylosing spondylitis, another autoimmune inflammatory 
disease, is a type of arthritis that causes vertebrae to fuse together (Blair 2019). It can also 
damage other joints in the body, such as shoulders, hips, and digits, and can involve the eyes, 
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lungs, and heart in rare cases (Blair 2019). Conventional DMARDs have been approved to treat 
these three diseases, as well as TNF inhibitors like adalimumab, but secukinumab has proven to 
be significantly more effective for these three diseases than existing treatments (Speeckaert et. al 
2016). 

Secukinumab blocks the interleukin 17 (IL-17) interaction with its receptor on 
synoviocytes, as shown in Figure 13 (Speeckaert et. al 2016). Normally, IL-17 is produced from 
Th17 cells in response to signaling from the body, one of which is the action of osteoclasts 
(Speeckaert et. al 2016). Osteoclasts break down bone, and can contribute to cartilage and 
connective tissue degradation if left unchecked by the body (Speeckaert et. al 2016). As more 
Th17 cells are made, they continue to stimulate osteoclast production via IL-17, which leads to 
several downstream effects including the production of RANKL, a receptor for NF-κB, which 
regulates the breakdown of the skeletal system (Abu-Amer 2013). A dysregulation of IL-17 
production from Th17 cells in response to bone breakdown will signal synoviocytes to produce 

IL-6, IL-8, and MMP-1 
(Speeckaert et. al 2016). 
IL-6 and IL-8 are 
pro-inflammatory factors, 
and MMP-1, as stated 
before, indicates the 
presence of connective 
tissue breakdown and 
remodeling (Speeckaert et. 
al 2016). Secukinumab 
aims to block this 
occurrence by blocking 
dysregulated IL-17 

signaling through binding to IL-17, 
preventing its interaction with synoviocytes 
and osteoclasts (Speeckaert et. al 2016). 
These pharmacodynamic effects further 

highlight the interconnected nature of body systems and signaling molecules, as well as the 
cascade of benefits that secukinumab provides to patients (Speeckaert et. al 2016). 

Much like adalimumab, the intentional design of secukinumab as a monoclonal antibody 
limits the drug’s side effects and cross-reactions with the rest of the body (Speeckaert et. al 
2016). Soluble receptors in the body for IL-17 are the body’s natural way to combat an increase 
of IL-17 (Speeckaert et. al 2016). But when this process is unnaturally dysregulated in the body, 
the monoclonal antibody can help to clear out excess IL-17 (Speeckaert et. al 2016). With a 
half-life of 21-31 days, secukinumab clears out at a slow rate, allowing for injections to be less 
frequent and patient compliance to increase (Speeckaert et. al 2016).  
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As all drugs do, clinical trials to assess the dosage, efficacy, and placebo effect were 
conducted. However, recent clinical trials for secukinumab that compare it against other drugs 
have been necessary to evaluate the current standards of treatment for psoriasis, psoriatic 
arthritis, and ankylosing spondylitis. There are many biologics on the market today that aim to 
treat these three common diseases, so these clinical trials have been set up to provide clarity on 
standard of treatment procedures. Initial research of etanercept (Enbrel) against secukinumab in 
the Phase 3, double-blind, year-long clinical trial called FIXTURE operationalized psoriasis 
coverage using the psoriasis-area-and-severity index score (PASI 75) (Fala 2016) (Langley 
2014). PASI 75 would indicate the proportion of patients who had experienced at least a 75% 
reduction in psoriasis from their baseline (Langley 2014). After just twelve weeks, more patients 
taking secukinumab achieved the criterion for PASI 75 than etanercept or placebo, and a greater 
dose of secukinumab at 300 mg experienced more relief from psoriasis than a lower dose of 150 
mg (Fala 2016) (Speeckaert et. al 2016). This speed of response is key for patients looking for 
relief quickly from symptoms and side effects of the disease, and is highlighted in Figure 13. 

However, it is important to note that without direct head-to-head studies, research funded 
by specific companies can show bias towards one drug. Two comparison studies, one funded by 
Humira’s parent company AbbieVie and the other by Cosentyx’s parent company Novartis, used 
existing Phase 3 data (ADEPT for Humira and FUTURE I/FUTURE II for Cosentyx) in a 
matching-adjusted indirect comparison (Strand 2017) (Nash 2018). After adjusting for 
differences in age, race, weight, gender, usage of other DMARDs such as methotrexate, and 
other factors, AbbieVie’s study claimed that their drug was significantly more effective than 
secukinumab in the PASI 75 scores, but did not use the FUTURE I/FUTURE II populations for 
the secukinumab 300 mg test (Strand 2017). In addition, with knowledge that those who have 
never taken a TNF inhibitor biologic often respond better to treatment, the data from both 
TNF-inhibitor-naïve and TNF-inhibitor-experienced were included in the data (Strand 2017). In 
Novartis’ study, they left out FUTURE I data and found no significant differences in response 
rates for psoriatic arthritis patients (Nash 2018). The head-to-head study, EXCEED, concluded in 
November 2019 and was meant to settle this and included biologic-naïve individuals in a 
double-blind, year-long study (Terry, 2019). Although no raw data or figures have been 
presented to date, announcements from both companies note that secukinumab performed better 
than adalimumab, but missed the mark for statistical significance in psoriatic arthritis patients 
(Terry, 2019).  

Peginterferon alfa 2b (PEG-Intron) 
While monoclonal antibodies are on the cutting edge of research today, it is still 

important to look at biologics that use other immunology principles to treat disease. One such 
method is the application of interferons as a basis for drug development. Interferons (IFN) that 
naturally occur in the body are cytokines that are part of the viral defense system, and cause a 
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cascade of downstream effects that activate immune cells and apoptotic processes when 
necessary (Le Page 2000). They are also part of the process of amplifying the antigen 
presentation response (Le Page 2000). Interferons as a biological medical product mimic these 
interferons already present in the body. First approved in 1986, they are proteins involved in 
signaling that interfere to help fight viruses in the body (Kamal 2006). Interferons are typically 
used to treat Hepatitis C, and are being explored and applied as chemotherapy drugs to help fight 
certain cancers (Kamal 2006). 

There are three types of interferons: Type I interferon, Type II interferon, and Type III 
interferon (Le Page 2000). For the purposes of this discussion, focus will be directed to Type I 
and Type II. Type I interferons include IFN-alpha and IFN-beta, which are made by epithelial 
cells, fibroblasts, and hepatocytes, and secreted by these cells that have been infected with a 
virus (Le Page 2000). Type II includes immune or gamma interferons (IFN-gamma) which are 
typically made and released by NK cells, T cells, and macrophages (Le Page 2000). The focus of 
this section is on a specific biologic developed to mirror Type I interferons in order to fight viral 
infections, known as peginterferon alfa 2b (PEG-Intron) (Kamal 2006). As a molecule similar to 
INF-alpha (alfa and alpha are interchangeable), peginterferon alfa 2b aids in fighting a virus that 
natural bodily defense systems cannot overcome on their own (Kamal 2006). 

Peginterferon alfa 2b is part of a 
family of interferon biologics that have 
been developed to treat viral diseases 
(Kamal 2006). It was approved in 2001 
specifically to treat chronic Hepatitis C, 
and like other biologics, is given via 
injection (Druyts 2012). Table 2 lists some 
of the other interferon drugs, but it is 
important to notice the “PEG” interferon 
drugs. This new addition to the interferon 
drug structure, polyethylene glycol (PEG), 
allows for the interferon to stay in the 
bloodstream much longer than a 
non-“peg-ylated” interferon preparation 
(Zeuzem 2020). For peginterferon alfa 2b, 
it stays in the bloodstream longer than 
interferon alfa 2b (Intron A), making it a better 
option for patients because of its sustained 
beneficial effects (Druyts 2012). 

Peginterferon alfa 2b is a protein 
structure, and the pegylation is on specific residues of the structure to allow for it to stay intact 
(Zeuzem 2020). Specifically, about half of the pegylation is on the His34 residue; based on the 
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spatial arrangement of the interferon protein, this organization allows for high specificity for 
antiviral activity (Zeuzem 2020). It’s half life of roughly 2-3 days allows it to be administered 
just once a week, which is much improved from the short half-life of non-pegylated interferon 
alfa 2b (Zeuzem 2020). Its mechanism of action is similar to naturally-occuring interferons, 
requiring the binding of type I IFN receptors called the interferon alpha receptors 1 and 2 
(IFNαR1 and IFNαR2) (Zeuzem 2020). This activates an incredibly complex second messenger 
cascade, with the goal of alerting the cell that it has been infected with a virus and responding via 
apoptosis or calling in other immune cells. 

Peginterferon alfa 2b is often given with a small molecule drug called ribavirin 
(C8H12N4O5) for hepatitis C patients. This drug is an analog of a nucleoside and helps to fight off 
RNA viruses (Zeuzem 2020). When it is incorporated into a viral RNA strand, it blocks the 
creation of viral RNA and induces mutations in the replication process (Zeuzem 2020). When 
taken with an interferon biologic, patients have improved outcomes for hepatitis C (Zeuzem 
2020). 

The peginterferon alpha 2b has been proven to be more effective in studies for patients 
than the interferon alpha 2b (Intron A) at treating hepatitis C because of increased patient 
compliance and increased life in the bloodstream before degradation (Zeuzem 2020). 
Head-to-head studies also compared peginterferon alpha 2a (Pegasys) to peginterferon alpha 2b. 
Peginterferon alpha 2a is also used for hepatitis C treatment, and differs from peginterferon alpha 
2b in protein arrangement, structural properties of positional isomers, and degree of pegylation 
on specific protein residues (Zeuzem 2020). The studies found that the sustained virologic 
response after treatment ended were greater for peginterferon alpha 2a, but a greater mean 
decline in hepatitis C RNA during treatment was seen in peginterferon alpha 2b (Zeuzem 2020). 
Thus, both drugs seem to have a similar action, and individual patient tolerance may influence 
prescription more than the pharmacodynamics. 

 Like most interferons, patient side effects and tolerance of the drug can vary. It is given 
rather frequently at once a week, but this can be adjusted along with dosing depending on patient 
tolerance (Druyts 2012). Unfortunately, biologic interferons have some side effects that make 
them rather dangerous. Because they are not as selective to the disease they treat as a monoclonal 
antibody may be, the side effects list tends to be longer for a drug like peginterferon alfa 2b 
(Druyts 2012). Mental health problems, worsening autoimmune problems, heart issues, and 
increased risk of stroke are all considerations for this interferon biologic (Druyts). Despite these 
risks, continued research into the effectiveness as a supplemental cancer drug continues, and this 
field will surely continue to grow as the need for treatment of viruses expands. 
 

Biosimilars 
Biosimilars, also known as subsequent entry biologics (SEB), much like the name states 

are similar to the original biologic that was approved by the FDA (Lybecker 2016). When 
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referring to biologics and biosimilars, the original drug is the parent or reference biologic. In 
order for approval to occur, biosimilars and their reference must demonstrate the same 
administration method, same dosage, same strength, same mechanism of action in the body, and 
the same safety standards in patients (Lybecker 2016). Individuals may react differently to the 
biologic and biosimilar, but the majority of patients should respond in the same manner to both 
drugs.  

It is important to note that biosimilars are not a generic version of a biologic (Lybecker 
2016). While small molecule drugs often have a generic with the same active ingredient as the 
original drug, biologics do not have a generic counterpart. This is because production and 
creation of a biologic drug in a different laboratory will have different steps and equipment in the 
production process due to patents and ownership of the drug, and thus the biosimilar may have 
byproducts from the reaction that the parent biologic does not have (Lybecker 2016). Figure 14 
outlines a simple representation of biologics as snowflakes that makes the relationship easy to 
understand (Lybecker 2016). An example of a parent biologic and a biosimilar is adalimumab 
(Humira) and adalimumab-atto (Amjevita) (Zhao 2018). Adalimumab-atto became 
FDA-approved 14 years after 
adalimumab in 2016 (Zhao 
2018). The letters added to the 
end of the drug name (atto in 
this case, but the letters differ 
between drugs) indicate its 
status as a biosimilar (Parren 
2017). The distinction 
between these drugs differs in 
the pharmacy as well; when 
prescriptions are filled for adalimumab, only Humira 
is given to the patient, and when prescriptions for 
adalimumab-atto are filled, only Amjevita is given to 
the patient (Zhao 2018). 

However, companies making biosimilars can take the classification of their drug a step 
further through FDA approval. This extra classification may allow for the company to cut into 
the market of the parent biologic further, and drive down the cost of the drug (Lybecker 2016). 
To do this, the FDA has a process where biosimilars can achieve the status of “interchangeable” 
(Lybecker 2016). This means that the biosimilar can be used in place of the parent biologic 
(Lybecker 2016). Research must be presented that demonstrates the same reaction as the parent 
biologic in not just a majority of patients, but also individual patients (Lybecker 2016). This 
requires similarities down to the side effects of the drug and the decrease of disease symptoms 
(Lybecker 2016). The FDA has yet to approve a drug with this extra classification, but when this 
biosimilar is created, pharmacists can fill the prescription for the parent biologic drug with the 

 
40 



biosimilar (and vise versa) without approval from a doctor as long as state laws allow the 
substitution to occur (Lybecker 2016). There is still little clarity on this rule, which has slowed 
the process of creating biosimilars (Lybecker 2016). Further, there is still debate as to whether 
prices for biosimilars will be lower, or at least low enough to make a difference to the consumer, 
since the production of biosimilars is just as expensive as the production of the parent drug 
(Lybecker 2016). 

Market Value of Biologics 
Biologic drugs made up seven of the top ten drugs by sales in 2018, and are projected to 

make up 32% of the pharmaceutical market of large companies by 2023 (Lybecker 2016). The 
industry is predicted to make 400 billion dollars by 2025, and represents a huge sector of 
business research and development (Figure 15) as growth continues to increase significantly with 

the entry of new 
biologic therapies 
(Lybecker 2016). These 
therapies have 
revolutionized the 
treatment of 
autoimmune disorders, 
cancers, and other 
hard-to-treat diseases. 
The opportunities to 
address these difficult 
diseases that millions 
suffer from allows for 

pharmaceutical companies to take advantage of the 
need and provide life-saving remedies. It is easy to 
see how valuable these drugs are, not only to the 
patient, but also the continued economic success of 
the pharmaceutical industry. 
Monoclonal antibodies make up a large section of 

research and development of biologics as shown in Figure 15, and it is not hard to see why. They 
are the current drivers of the market today (Lybecker 2016). Figure 16 below shows the market 
growth for monoclonal antibodies alone, which drives much of their creation due to their clinical 
and financial success (Lybecker 2016). 
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Although the debate regarding 
overpriced drugs is beyond the scope of this 
paper, it is important to include some 
information on the steps being taken to 
mitigate the extreme costs. Humira, for example, continues to raise in price yearly, straining the 
wallets of millions who take it for rheumatoid arthritis, colitis, or psoriasis (Hakim 2018). In 
2018, Humira could cost an uninsured individual around $5500 for a 30-day supply (Hakim 
2018). Its parent company, AbbVie, receives the majority of company revenue from the drug as 
seen in Figure 17 (Lybecker 2016). AbbVie has a rather aggressive strategy to maintain its 
patent, but with the recent expiration in Europe, some individuals are already looking for other 
options (Hakim 2018). Although patent rights for Humira do not expire until 2023 in the United 
States, biosimilars have already been created for it, including Hyrimoz (adalimumab-adaz), 
Cyltezo (adalimumab-adbm), and Amjevita (adalimumab-atto) (Hargreaves 2018). These three 
have been FDA approved and will be available for patients in 2023 (Hargreaves 2018). 

Insulin is also on its way to a more cost-effective future. As of March 23rd, 2020, insulin 
officially earned the classification of a biologic (Abernethy 2020). Before its official 
reclassification, generic insulin was nearly impossible to make due to the drug’s nature as a 

 
42 

https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/761058lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/761024lbl.pdf


biologic (Abernethy 2020). Since perfect replication was not possible, generic versions of insulin 
were not made available. However, as a biologic, insulin now 
follows a new set of rules outlined under the Biologics Price 
Competition and Innovation Act of 2009 (Abernethy 2020). 
This act, signed by President Obama in 2010, creates a 
shorter and unique pathway for biosimilars, or 
interchangeables, to be approved by the FDA for commercial 
use (Abernethy 2020). Biologics thus fall under the rules of 
this law, instead of the "Drug Price Competition and Patent 
Term Restoration Act of 1984," also known as the 
Hatch-Waxman Letters, which details the approval process 
for generics of small molecule drugs (Abernethy 2020). Now 
that insulin can be classified under this new act, much like 
other biologics, biosimilars can be created with the hopes of 
decreasing the price of insulin (Abernethy 2020). As 
previously mentioned, there is debate as to whether this will 
happen since biosimilar development is often just as costly 
as biologic drug development. However, a study by the 
Journal of the American Medical Association in 2016 
found that there is no correlation between cost of drug 
development and the set price or price increases of a drug 
(Kesselheim 2016). Rather, drug prices are set based on the 
market itself, which can support these higher prices since pharmaceuticals are relatively price 
inelastic. This paper shows evidence that consumers will still pay for the drug if its success 
continues (Kesselheim 2016). 

Regardless of method, affordability will need to be addressed in the coming years. The 
rising age of the baby boomer population (individuals born between 1945 and 1965) draws 
attention to the need for affordable drugs in a society where most of the population will be on a 
fixed income. For now, the future of biologics and the laws that govern their production will 
direct the way forward towards new treatments and solutions. 

The Future of Biologics 

With the market for biologics continuing to expand, companies that are willing to invest 
in drug research and development have a large financial incentive to continue pushing the 
boundaries and finding new innovative biopharmaceuticals. Research directed at finding 
biosimilars to current drugs continues today at a rapid rate; by the end 2019, ten biosimilars that 
cover a variety of diseases had received FDA approval within the year alone (Loria 2020). In 
addition, biologics that address rare conditions are being developed with additional government 
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funding; these are referred to as orphan drugs (Elverdi 2019). Cablivi (caplacizumab-yhdp) is the 
most recent example of this, receiving FDA approval in 2019 to treat a rare blood clotting 
disorder called thrombotic thrombocytopenic purpura (Elverdi 2019). 

Developments in oncology continue as well. Biologics are now used more frequently 
than small-molecule drugs, and continued innovation could address more cancers and different 
levels of severity (Aitken 2019). There are over 450 different immunotherapies in development 
that encompass over 60 unique mechanisms of action in the patient, which shows the continued 
push at innovation into the future (Aitken 2019). The world of nucleotide, cell, and gene 
therapies continues to grow for clinical cancer treatment as well (Aitken 2019). There are nearly 
20 different mechanisms of action being studied to help cancer patients, encompassing a variety 
of specific cancer types (Aitken 2019). Nearly 100 different biologic treatments are being 
researched, which is double the number researched in 2013 and 32% larger in just the past two 
years (Aitken 2019). These numbers are expected to continue to reflect this growth in the coming 
years as well. 

The focus of biologic research today has shifted to more than just biosimilars. Cell and 
gene therapy is also shifting the focus of researchers in areas beyond oncology and clinical 
cancer treatments. These therapies aim to stop progression of or remove a disease entirely, rather 
than just addressing the symptoms of the patient, keeping them comfortable, or extending their 
life (Shahryari 2019). Cell therapy involves the culture of cells outside the body for an intended 
therapeutic use inside the patient that, once injected, can carry out their role in the body 
(Shahryari 2019). Gene therapy involves changing the genetic contents of cells either outside or 
inside the body by overexpressing or turning off certain genes, depending on the patient and 
condition (Shahryari 2019). Ideally, this will be a one-time therapy for individuals, rather than a 
frequent injection or pill for their condition (Shahryari 2019). Examples of recently-approved 
cancer drugs that require just one dose include Kymriah (tisagenlecleucel), which treats specific 
types of leukemia, and Yescarta (axicabtagene ciloleucel) which treats large B-cell lymphoma 
(Shahryari 2019). Infrastructure is already trying to catch up; as one example, pharmaceutical 
company Gilead Sciences recently purchased facilities in Santa Monica, California and 
Hoofddorp, the Netherlands to continue manufacturing and research of cell therapies (Gilead 
Press Release Authors 2018). Because of the dedicated research in this field already underway, 
the market is projected to reach over $8 billion by 2025.  

The coronavirus pandemic, beginning in China in 2019 and the US in March of 2020, has 
shifted the focus of the scientific community towards drugs that can be repurposed to treat 
COVID-19 patients. Biologics that are already on the market offer a potential immediate solution 
to treat the surge of COVID-19 patients (Herold et. al 2020). Type I interferons in combination 
with ribavirin have been shown in vitro to treat a broad variety of viruses, and is currently 
approved for the coronavirus that causes MERS-CoV (Sallard et. al 2020). Research is currently 
looking at the potential use of Type I interferons with ribavirin or remdesivir, another antiviral, 
in treating COVID-19, and are seeing some success (Sallard et. al 2020). A variety of interferons 
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will be tested and applied in the coming months as the situation continues to evolve (Sallard et. 
al 2020). In addition, the possibility that an overactive immune response is causing much of the 
sudden decline in coronavirus patients is being investigated. Using drugs that suppress the 
immune system could offer a solution to this response. Though this research is still in pre-print 
and has not been fully reviewed, research out of a German laboratory points to high levels of 
inflammatory factor IL-6 in the lungs of COVID-19 patients, which could predict respiratory 
distress (Herold et. al 2020). Biologics that have been approved to directly target IL-6 in 
rheumatoid arthritis, such as tocilizumab (Actemra), have been mentioned as possible therapies 
(Conti et. al 2020). IL-1 is also a popular target as an inflammatory factor, often found in 
synovial fluids with TNF-alpha. Biologics approved to target IL-1, such as the rheumatoid 
arthritis drug anakinra (brand name Kineret), mimic the natural IL-1 antagonist found in the 
body to block its action (Conti et. al 2020). They have also been mentioned as potential 
coronavirus therapies to control the immune system response because of the connection to 
inflammation and immune response. 

For now, second-generation biologics in the market today address autoimmune disorders, 
cancers, respiratory issues, blood disorders, and many more diseases. First-generation biologics 
are still widely used today, as the need for affordable insulin, blood products, and effective 
vaccines continues. It may be a biologic that addresses our most pressing diseases today, whether 
that be a treatment for cancer or protection from a virus. 

Conclusion 

Biologics have enjoyed a successful financial outcome, but the attention towards their 
innovative mechanisms of action should not be overlooked. For individuals suffering from 
debilitating autoimmune diseases, cancers, and other pervasive illnesses, biologics can be the 
treatment that changes a patient’s outcome and quality of life. It is important to draw attention to 
the first-generation biologics that paved the way for these innovative techniques to be developed, 
and it is exciting to see where the field is today through the lens of proven therapies. 
Adalimumab, secukinumab, and peginterferon alfa 2b are only a tiny fraction of the drugs that 
are available for patients, and they highlight the role of the literature that has been reviewed here 
in advancing research. The future of biologics looks bright, and only time will tell when the next 
wave of cutting-edge biologics will emerge to treat the diseases of tomorrow. 
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