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Definition of Biologics
Biologics are biologically active molecules that are used as medicines for treatment and preven-
tion of diseases. They are also referred to as biomedical, biological, biopharmaceutical, or bio-

technological products. Many new biologics are under development.

Biologics cover a wide range of medicinal (2§ /A 9, % 77 #9) products such as vaccines, blood
and blood components, allergenics (3L 4%/ %] #1), somatic cells (4& %8 ft.), gene therapy agents,

tissues, and recombinant therapeutic proteins.

The definition of biological products appeared in the U.S. Code. After several children had
died due to contaminated diphtheria (&%) antitoxin, the U.S. government enacted (i i) the
Virus-Toxin Law in July 1902, in which a biological product is defined as “any virus, thera-
peutic serum, toxin, antitoxin, or analogous product applicable to the prevention, treatment, or
cure of diseases or injuries of man.” With minor revision, this definition remained the same till
1946, and was cited in section 351 of the Public Health Service (PHS) Act ({ A3 T 4 JR %%
).

However, many of ordinary people are still unfamiliar with the term and its meaning. For ex-
ample, fifteen years ago, Kevin L. Ropp asked, “Just what is a biologic, anyway?” in an article
written for the magazine FDA Consumer. Using a simple definition from the U.S. Food and

Drug Administration (FDA), Ropp noted that biological products are made from living organ-

1



isms. Specifically, according to Michael Beatrice, associate director for policy coordination and
public affairs in the FDA Center for Biologics Evaluation and Research (CBER) that time,
“They are derived from living material-human, plant, animal, or microorganism-and theyre

used for the treatment, prevention, or cure of disease in humans.

The U.S. definition of biologics does not differ substantially from that used by the World
Health Organization (WHO). However, WHO uses the term biological medicines instead, al-
though the subject is the same. WHO’s list of biological medicines includes vaccines, blood
products, cell regulators, and reagents for in vitro diagnostic tests, and lifesaving elements in the

daily practice by physicians worldwide.

However, WHO warns specifically that the quality of such essential biopharmaceutical products
is the key of concern for safety due to the fact that the source of the biological materials, the
manufacturing process, and the test methods may vary dramatically. The increasing complexity
and sophistication of biological products and the rapid growth in this field presents considera-

ble challenges for drug regulatory authorities and for manufacturers.

One of the most concise and useful definitions of biologics comes from the American Heritage
Stedman’s Medical Dictionary, in which the terms of biologic or biological are used interchange-
ably. A biologic is a “preparation, such as a drug, a vaccine, or an antitoxin, that is synthesized
from living organisms or their products and used medically as a diagnostic, preventive, or ther-

apeutic agent.”
Biological medicine: What is it and how does it work?

Biological medicine is the use of therapeutic techniques and substances that activate, support
and enhance the natural regulatory processes within the body. This is diametrically (%47 F],
A8 R) opposed to conventional western medicine which blocks, over-rides (# ¥, 7 A&

i, R, 7 J&), replaces natural processes, surgerily removes malfunctioning parts.

Western medicine has made spectacular advances in the past century. Restorative (# & £ 4 B
AE JAl #9) surgical procedures and keeping people alive in emergency situations can have almost
miraculous outcomes. However, modern western medicine has only recently begun to view the
body in an holistic (%K) way. Interest in the emerging discipline of Psychoneuroendocrinim-
munology (PNEI) finally accepts the fact that the body is not a machine that is an assembly of
its constituent parts and cannot be understood using Newtonian reductionist (3% & # % , % 1&
#4) science. The body is a dynamic biological symphony, following the laws of Quantum
science. It has a sophisticated capability of regulation and repair when mulfunctioning (%} & %
A), is better served by healing practices designed to support and strengthen (Biological Medi-
cine) not the forceful overpowering (/%424 #9) methods employed by conventional western

medicine.



Overview

Brief History of a Lifesaving Biologic
To supplement the definitions and to foster (#21) an even better understanding of the value of
biologics, a brief history of a particular biologic - the first vaccine which was developed to pro-

tect humans against one of the most deadly diseases in the world-will be reviewed.

By the late 18th century, smallpox (X &) was an extremely prevalent and deadly disease. In
France, it was estimated that as much as 60 percent of the population developed the disease,
and 20 percent died of it. In the Americas, the mortality (5 = %) rate reached 90 percent.
Smallpox killed millions of people.

In 1796, Edward Jenner, a British doctor who is also a naturalist and keen observer, noticed
that patients infected with cowpox were resistant to smallpox. To test his observations, Dr. Jen-
ner inoculated a healthy subject with pus (#&) taken from a person with cowpox and then in-
jected the healthy subject with smallpox. He demonstrated that the subject did not develop
smallpox. Dr. Jenner named his discovery “vaccine,” derived from the Latin term vacca mea-
ning “cow”, and the process “vaccination” (7% % #:#¥). The significance of Dr. Jenner’s work
was quickly recognized, and in less than 10 years, people around the world were vaccinated a-

gainst smallpox.

Over the ensuing years, additional vaccines were added to the physician’s toolkit (L -£-4§), and

today the WHO lists over 20 different diseases, such as tuberculosis (#i45#%) and yellow fever

(3% # &), which can be either prevented or treated with vaccines.
Timeline of the early development of biologics

%

- “g

%

WA t,
& 5.,.%75;

¥
W
1886 1888 | 1894 1902
1798 1850 Heat-killed | Roux+yersin Public health U.S.Biologics
Marine Hospital Louis Pasteur’s | Yaceine diphtheria labs produce Control Act

diphtheria
antitoxin

Public Health toxin

Agency

rabies vaccine

Koch isolated | 13 children die
Public Service

anthraxbacillus Antitoxins of tetanus due to
' Smallpox 1878 Lab of Hygiene| 1890 contaminated
| vaccination ‘ LKinyoun " diphtheria antitoxin
1800 1887 1901

Figure 1-1. The significant events in the progression of biologics.
(Adapted from the CBER Web site)
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Trends in Biologics
While biologics have been used to treat disease for more than 100 years, the advent of modern
day molecular biologic techniques has accelerated their use in modern day medicine tremen-

dously in the last decade.

Today, newer biologics are created by splicing (#f4%) genetic material into living cell cultures.
The resultant new proteins have led to breakthrough therapies, from bevacizumab (1 4% ¥ 4t)
(trade name Avastin, T .47 7T), which chokes off (%) the blood supply to cancerous (&
#) tumors, to imiglucerase (£ & 3B, #) 4% & 3 A5 5%) (trade name Cerezyme), which treats a
rare genetic disorder known as Gaucher’s disease (% #%). According to IMS Health (3L %4+
W3 B 302 4]), a consulting and data services company that supplies the pharmaceutical in-
dustry with sales data and consulting services, the total cost of biologics reached MYM 52.7
billion in 2005 and represented 13 percent of U. S. drug spending. IMS Health estimates that
this figure will rise to $90 billion by 2009.

Research and development are top priorities for drug manufacturers. IMS Health reports, “At
the end of 2006, some 2075 molecules were in development, up 7 percent from 2005 levels,
and up 35 percent from the end of 2003. In addition, a promising range of drugs are now in
Phase Il clinical trials or pre-approval stage, including 95 oncology (At 78 , A% #% %) products,
40 for viral infections and HIV, and 27 for arthritis/pain. Of the total pipeline (/& %), 27

percent of these products are biologic in nature.”

In short, it appears that biologics will likely continue to provide patients with new, lifesaving

treatment options well beyond the scope of traditional chemical medicines.
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What Are Cytokines?

Cytokines are small signaling molecules produced by cells and serve as molecular messengers
for cellular communication. They can be classified as proteins, peptides, and glycoproteins. Cy-
tokines can also trigger the immune system for body to respond to diseases and mediate normal

cellular processes in the body.
Types of Cytokines

Functionally, cytokines are diverse and can be divided into different types of:
e Colony stimulating factors (stimulate production of blood cells).
e Growth and differentiation factors (function primarily in development).
e Immunoregulatory and proinflammatory (4& X #9) cytokines (interferon, interleukins, and

TNF-alpha that function in the immune system).
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How Cytokines Work

The immune system is complex-different types of immune cells and proteins do different jobs.
Cytokines are released by cells into the circulation or directly into tissue. The cytokines locate
target immune cells and interact with receptors on the target immune cells by binding to them.

The interaction triggers or stimulates specific responses by the target cells.
Cytokine analogues and cytokine mimics

Biopharmaceuticals of natural growth factors and cytokines comprise a huge and growing mar-
ket. Blockbusters (& # ¥ 7, 7 R A8 A % F) such as EPO ( $12B, 2006 worldwide sales),
Insulins ( $9B), Interferons ( $7B), GCSF ( $4. 5B), and hGH ( $2. 5B) are the most commer-
cially successful members of the cytokine family and there are dozens more currently-marketed
and potentially-useful protein agents for a growing number of important indications (§4E, £
J%4iE). Because they address important and otherwise unmet medical needs, these agents have
attained great commercial success despite significant shortcomings, including serious side
effects, immunogenicity, short half-lives, poor chemical stability, and high cost. Therefore, an
opportunity exists to develop new medicines that mimic the desired activities, but overcome the

deficiencies of the natural cytokine (3% 3) 7).

New and superior “designer” cytokine drugs (novel cytokine and growth factor drugs) have
being investigated, with new tissue and signaling pathway specificities to enhance the positive
actions and reduce the negative effects of the natural pleiotropic (% & #9, % ZH 49, $ G K
#4) proteins.

Another potential drug sources to be discovered and developed are small compounds that acti-
vate cytokine receptors in the same fashion as the natural factors, but differ completely in their
chemical composition from the natural protein ligands. These novel compounds have equivalent
or greater agonist bioactivities, improved medicinal properties (PK, safety, etc.), and manufac-
turing economics superior to the marketed protein products.

Role of STATSs in Normal Signal Transduction

Signal transducer and activator of transcription (STAT, 13 5 % - o 4% & 1L -F) proteins
are important intracellular mediators of cytokine-induced signal transduction (13 %5 #%-¥) path-
way. The following sequence of events illustrates the prevailing model of the role of STATS in
normal signaling (Fig. 2 - 1). This signal cascade initiates when cytokines (such as IFNs and
members of the interleukin [ IL] family) or growth factors (epidermal growth factor and plate-
let-derived growth factor, for example) bind to their cognate (48 5 #9) cell surface receptors.
Growth factor receptors possess intrinsic tyrosine kinase (&%) activity and phosphorylate (/£
#EBRAL) STATs directly, thereby activating STAT signaling. In contrast, cytokine receptors
lack intrinsic kinase activity and must recruit members of the Janus kinase (JAK, & & B4 £ 8%

6



Cytokine Medications

%A% ) family of cytoplasmic tyrosine kinases to activate STATs. Depending on which STAT
family members are activated, STATs may associate as homodimers or heterodimers and then
translocate to the nucleus. The activated STAT dimers then bind to specific DNA-response ele-

ments in promoters and induce expression of target genes.

Extracellular

Plasma
Membrane

Cytoplasm

Ts

" ;
Rucious . -\ r /\/K !\/r\;

CGene

Transcription

Figure 2-1. Signal transduction pathways leading to STAT activation.
Stimulation with growth factors or cytokines at the cell surface results in receptor activation and sub-
sequent tyrosine phosphorylation of STATs. Phosphorylation of STATs induces dimerization and
translocation to the nucleus, where STAT dimers bind to specific STAT response elements and di-
rectly regulate gene expression. In contrast to normal signaling, oncogenic PTKs (% & B £ BR ¥ 55 )
constitutively activate STATs, leading to deregulated (% %) expression of STAT-dependent genes.

In some cases, but not all, JAK family tyrosine kinases are known to have a role in STAT activation.

In order for cells to respond to their microenvironments, extracellular stimuli must be received
and transmitted to the nucleus such that specific genetic programs are activated, resulting in
cell-type-specific biological responses. Regulation of specific cellular responses to extracellular
stimuli is primarily determined by integration of the various components involved in the signal
transduction pathway. There are several mechanisms by which cells modulate (7 %, 38 %)
STAT signaling. For example, JAK family members associate selectively with specific cytokine
receptor superfamily members. Thus, depending on ligand and cell type, multiple STAT family
members may become activated. Since STAT proteins homodimerize or heterodimerize, the

level of signaling diversity increases. In addition, the temporal duration of the STAT activation
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is another potential mechanism for modulation of the response. In normal signaling, activation
of STATs occurs rapidly, but the induction is transient. Finally, activation of parallel signaling
pathways, such as mitogen-activated protein (MAP) kinases, also contributes to the complexity

of signal transduction.

o Interferons( F#{%)
Interferons (IFNs) are proteins made and released by host cells in response to invasion of
pathogens such as viruses, bacteria, parasites or tumor cells. They allow for communication be-

tween cells to trigger the protective defenses of the immune system that eradicate pathogens or

tumors.

IFNs belong to a large class of glycoproteins (# % &), which is a superfamily of cytokines.
Interferons are named after their ability to “interfere” with viral replication within host cells.
IFNs have other functions: they activate immune cells, such as natural killer cells and macro-
phages; they increase recognition of infection or tumor cells by up-regulating antigen presenta-
tion to T lymphocytes; and they increase the ability of uninfected host cells to resist new infec-
tion by virus. Certain host symptoms, such as aching muscles and fever, are related to the pro-
duction of IFNs.

About ten distinct (7= ] #9) IFNs have been identified in mammals, seven of them are found in
humans. They are typically categorized into three IFN classes: Type I IFN, Type II IFN, and
Type Il IFN. All IFN classes are very important for fighting viral infections.

Types of interferon

On basis of signalling types of receptors, human interferons have been classified into three ma-

jor types.

e Interferon type I : All type I IFNs bind to a specific cell surface receptor complex known
as the IFN-a receptor (IFNAR) that consists of IFNARI and IFNAR2 chains. The type I
interferons present in humans are IFN-a, IFN-B and IFN-w.

e Interferon type II: Binds to IFNGR that consists of IFNGR1 and IFNGR2 chains. In hu-
mans this is [FN-y.

e Interferon type Ill: Signal through a receptor complex consisting of ILIOR2 (also called
CRF2-4) and IFNLRI (also called CRF2-12). Acceptance of this classification is less uni-
versal than that of type I and type I, and unlike the other two, it is not currently includ-
ed in Medical Subject Headings (& % £ #73 %& , [E ¥ F M3 45 %).



