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PREFACE

Treatment is the heart of medicine. For patient, the main aim of visiting to the physician
isto get the best therapy. Therapy has along history. At the present, advanced biotechnology
help improve the medical treatment. Apart from the classical treatment, there are many new
emerging means of medical treatment. In this book, the concept of new therapeutic channels,
cell, gene and molecular concepts will be focused. Interesting details on concepts for these
modern therapies can be found in this book and this book can be the reference resource for
the physician, medical personnel and health care worker for update the knowledge of
treatment.

Chapter | - Health is the best wealth. Everyone requires good health to maintain his’her
daily life. In general, everyone will be heathy if there is no externa or internal insult to
disturb his’/her normal physiological function. There are several possible insults that can bring
problem to on€'s health. The insult can be biological, chemical or physical. Examples of
biological insults are pathogen, germ, parasite, organic substances and etc. Examples of
chemical insults are chemical substances and toxins. Examples of physical insults are
electrical power, mechanical power, radioactive power and etc.

For developing an overt abnormality, there will be a classical process. Molecular or
submolecular changes will accumulate to form a biochemical change. Biochemical changes
will accumulate to form a physiological change. Physiological changes will accumulate to
form an anatomical change. Anatomical changes will accumulate to form overt abnormality.
This step by step process is the core concept in medicine. This concept is also applicable to
the concept of advanced bioinformatics. To study on a disease, probing to awide range on its
pathogenesis can be done by modern biocinformatics concept. From gene to protein to
expression can be manipulated. Geneomics makes use of genome data to explain genomic
phenomenon. Proteomics makes uses of proteome data to explain proteomic phenomenon.
There are aso other “omics’ sciences that can be used. The other omics sciences are
transcriptomics, metabolomics, cytomics and etc. If readers feel interested on these new
omics sciences, suggestion is made for reading textbook on bioinformatics science.

Focusing on the work “disease”, it covers a wide range of disorders. Disease is usually
used for describing any overt abnormalities. Disease usually means any conditions that need
proper medical management or treatment. It should be noted that some abnormalities,
especidly for those in molecular level change, will not be called disease. Healthy in general
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means no disease. However, as previously mentioned, molecular level abnormalities can be
existed and this brings the stage of pre-disease or risk. The current concept in medicine
moves to prevention rather than treatment. In preventive medicine, finding for risk is
necessary and proper management on identified risk must be done.

The study of the relation of man to his’her environment in developing countries
emphasizes the inevitable need for societies to know the true causes of infection,
malnutrition, and poverty. The requirement is for improvement in the quality of human lifein
less developed nations, a recommendation easy to prescribe but hard to accomplish. The
present focus includes the relation between economic and other factors in hedth
development. This interpretation has been selected for the acceptance of a disciplinary
approach in the commissioning of papers might have the unintended effect of excluding some
key areas of study, which makes use of the consideration of crucia interrelationships
between disciplines. Nutrition as a discipline evolved out of medical and bio-chemical
concept on the relation between food and health. Until the 1950s nutrient deficiencies
dominated the nutritional track of analysis. From this moment attention was further led to
nutritional consequences of the welfare state. The interrelation between health, nutrition and
welfareis complex.

Chapter Il - Nanotechnology is a modern technology covering to management,
construction, synthesis of devices in atomic or molecular level that has its the size between, 1
and 100 nanometers. The nanodevice has its special function in physical, chemical and
biological aspect that can be adapted for usage. Nanotechnology is the application of
knowledge on nanoscience. Nanoscience is a modern science covering on the natural fact of
nanolevel conditions. Nanoscience focuses on three main scientific areas: physical, chemical
and biological sciences. The main fundamental knowledge for the beginner in nanoscience is
what nanolevel is. “Nano” is a modern scientific work describing for the 10° level. The
nanolevel is minuteder or fewer than microlevel (micro = 10°). Nanotechnologies can assist
practitioner diagnosis at the single-cell and molecule levels, and some can be adapted in
current molecular diagnostic methods, such as biochips. Nanoparticles, such as gold
nanoparticles, silver nanoparticles and quantum dots, are the most broadly used, but various
other nanotechnological devices for manipulation at the nanoscale as well as nanobiosensors
are also promising for potential clinical applications. In conclusion, nanotechnologies will
expand the borders of current molecular diagnostics and assist in point-of-care diagnostics,
integration of diagnostics with therapeutics, and modern construction of personalized
medicine. Jain mentioned for the emerging role of advances in biochip and microarray
technologies in the modern construction of personalized medicine. Jain proposed that
biochips such as GeneChip, CYP450, electrochemical biochips, protein biochips,
microfluidic biochips and nanotechnology-based biochips played a significant role in
molecular diagnostics, and their application in point-of-care diagnosis is expected to facilitate
the modern construction of personalized medicine. Although the potential diagnostic
applications are wildly expanded, the most important current applications are limited in the
areas of biomarker discomuch, cancer diagnosis, and determination of infectious pathogens.

Chapter 111 - Quantum is a physical term that implies the smallest discrete amount of
some physical property that a system can have. Quantum theory, the branch of physics which
is based on quantization, started in 1900 when Planck published his theory explaining the
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emission spectrum of black bodies. The bippoasesic of radiation as well as matter is the heart
of the quantum theory. In physics, quantum mechanics is the learning of the relationship
between energy or radiation as well as matter, in particular that between valence shell
electrons as well as photons. Bohr’s theory is the root for the generation of the present
guantum physics. Bohr's atomic theory is broadly viewed as remarkable, both for its accuracy
in predicting the observed optical transitions of one-electron atoms as well as for its failure to
fully correspond with current electronic structure theory. However, what is not routinely
appreciated is that Bohr's classical semiclassical conception differed significantly from the
Bohr-Sommerfeld theory as well as offers an aternative semiclassical approximation scheme
with remarkable attributes. It is routinely believed that the old quantum theory, as presented
by Bohr in 1913, fails when adapted to few electron systems, such as the H(2) molecule.
Bohr's classical method did not impose action quantization constraints but rather obtained
these as predictions by simply matching photon as well as classical orbital frequencies. The
discovery of the efficacy-quantum by Planck as well as further work of Borh was the
fundamental contributing root to Einstein's hypothesis of lightquanta. With the mentioned
fundamental theories, Einstein could explain the external light-electrical effect. The work of
Einstein is the root of the modern ppoasese of science. As a case study, there was along track
from the concept of stimulated emission as the fundamental idea of laser technical work by
Albert Einstein in 1917 to the practical use of the laser are present. It is also the fundamental
for the modern science, quantum mechanics. Quantum mechanics is a fundamental branch of
physics with wide applications in both experimental as well as theoretical physics. The
guantum theory is the theoretical basis of modern physics that can be valuable in explaining
the nature as well as behavior of matter as well as energy on the atomic as well as subatomic
level. Conrad said that biological cells had greater information processing efficiency than the
programmable computers used to model them. Conrad also suggested that systems in which
guantum features played a prominent work are more powerful than classical physical-
dynamical analogs.

Quantum medicine is the modern kind of medicine. Naturally, al things, chemicals,
plants, animas as well as human beings are composed of various tissues, organs, cells,
molecules, as well as atoms. The combinations of atoms lead to molecules. The combinations
of molecules lead to cells. The combinations of cells results in tissues. The combinations of
tissues lead to organs. The combinations of organs lead to human beings. Fundamentally, an
atom consists of electron as well as nuclei which intern quantum as well as neutron. Electron
poses negative charge, proton poses positive charge as well as neutron poses neutral charge.
Normally human beings cannot see the atom. In addition, the compositions of atom are
beyond human reach. But according to the modern elementary particle theory, elementary
particle is considered to have immense size as well as types, as well as it poases property as
energy field which rotates as well as vibrates itself. With the advent in nanoscience, those
very tiny compositions can be studied.

Quantum determination method is the determination technique, which tests the energy
composed of magnetic energy generated by quantum as well as electron movement.
Improvements in quantum chemical techniques have led to increased applications to
biological problems, including the generation of potential energy functions for molecular
mechanics as well as modeling of the reactive chemistry in enzyme active sites, with
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particularly interesting progress being constructed for metal-containing systems. The three
items to be considered in quantum determination method are (a) use of quantum mechanical
electronic structure techniques such as molecular orbital theory as well as density functional
theory, usually in conjunction with molecular mechanics; (b) treating vibrational motions
guantum mechanically, either in an instantaneous harmonic approximation, or by path
integrals, or by a three-dimensional wave function coupled to classical nuclear motion; (c)
incorporation of multidimensional tunneling approximations into reaction rate calculations.
Orbital theory is the fundamental knowledge for quantum chemistry. Molecular orbital
analytical work is the fundamental technique for study of quantum mechanical e ectronic
structure. To assist molecular orbital analytical work, there are several modern computation
instruments for performing this analytical aim. As a case study, AOMix is a modern user-
friendly software for the molecular orbital analytical work. It calculates the molecular orbital
compositions in terms of the constituent chemical parts in the molecule or atom. AOMix
automatically processes output files of multiple quantum-chemical packages. AOMix aso
permits to deeply review chemical structure making use of overlap populations (total as well
as per molecular orbital), valence indices, 2-center (Mayer, Lowdin, Wiberg, as well as bond-
order symmetry components) as well as 3- as well as 4-center bond orders, charge
decomposition orbital, CDA (total, per molecular orbital, per symmetry type), as well as
condensed Fukui functions. Conventional quantum chemistry techniques are either too
expensive to apply to large systems or too approximate for the results to be reliable, as well
as they fail to satisfy this requirement. A variety of different approaches is being developed
with the aim of achieving this goal: local correlation techniques; divide-as well as-conquer
techniques; linear-scaling density functional techniques based on the fast multiple as well as
other approximations; effective potential techniques; as well as hybrid techniques.

The influence as well as application of quantum determination on medical field is named
“quantum medicine”. Quantum medicine is one of the most promising tracks of modern
contemporary medicine. It is based on the use of amful effects of low-dosage
electromagnetic radiation or quantum in treatment, diagnosis, prophylaxis, as well as
rehabilitation of patients.

Chapter 1V — Engineering is a specific science that focuses mainly on the physical aspect.
There are man fields of engineering at present. For example, electrical engineering is a
specific branch of engineering dealing with electricity. However, due to the concept of
convergence of science, engineering becomes emerged with biological science. Application
of engineering in biological science helps jump across the inter-science barrier and brings
new advent to the world population. For example, merging between computational
engineering and genetics biology brings new science called genomics [1-3], which is the
modern blooming science at present. Nanoengineering plus medicine forms nanomedicine
which is another present new hope of the world for global health devel opment.

Application of engineering on biology helps explain and manipulate difficult biological
guestion. This can be applied in medicine, which is a branch of biological science. Special
forms of medical applications can be seen. One of the most famous application is medical
engineering. This involves medica instrumentation as well as other applied engineering for
medicine. As mentioned, the usefulness of application of engineering in medicine is very
much. It helps from diagnosis, treatment and prevention. In this book, the author focuses
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content on treatment, therefore, treatment will be focused and applied engineering for
treatment in medicine will be mentioned. An important therapeutic application is tissue
engineering and medical biopolymer science. The application is useful for reconstructive
medicine. Specifically, medical biopolymers are presently used in dentistry and orthopedics.
With these applications, it can help manage previously untreatable diseases and conditions.
Further details will be further discussed.

Chapter V - When an organ lost, it is necessary to get medical management. Organ lost
usually means lost of function. In severe case, organ lost ends up with death. There is no
method to recover in the past and this has been continuously searched for the solution.
Transplantation is a new concept using the replacement of the lost organs by the new ones.
New ones means new organ from the others. Therefore, it means transferring of one's organ
to another. This is ethical concern and new concept in medicine. Indeed, organ
transplantation has long history. More than 50 years are recorded. Learning of history of
transplantation is necessary to alow us to appreciate the great potential offered by current
biomedical science and engineering for future developments in the therapies of this more than
natural practice. At present, embryonic stem cells are used in the studies of the differentiation
of various cells or tissues for transplantation therapy, because of their pluripotential property
to differentiate into almost all types of cellsin the body.

Chapter VI - Radioactive substance is classified as a new group of elements that human
beings knew for about 1 century. After the discovery of Curie Family, radioactive substance
becomes on focused interested of global scientist. There are many researches on radioactive
substance. Application of radioactive substance for usage is continuously proposed. At
present, radioactive substances can be used in industry as well as medicine. The main focus
of radioactive use in medicine is for treatment of tumor. Also it is applied for diagnosis as
radioassay.

Parallel to radioactive substance, rays are also focused for its application in medicine.
After the discovery of X-ray, the application in medicine is a big jump of medical world.
With use of X-ray, physician can visuaize the internal structure of human being and used it
for diagnosis. This is the history of development of a famous medical science, radiology. At
present, radiology is a necessary medical science that helps both diagnose and treat of
patients. Radiology unit isabasic unit for al hospital. Basically, three basic main branches of
radiology are described as radiodiagnosis, radiotherapy and nuclear medicine. Radiodiagnosis
focuses mainly on diagnosis of disorders by usage of several means of imaging technology in
medicine. Radiotherapy focuses mainly on treatment and will be mainly detailed and
discussed in this chapter. Finally, nuclear medicine focuses mainly on both diagnosis and
treatment based on usage of radioactive substances. Important details of nuclear medicine
based treatment will also be detailed and discussed in this chapter.

Chapter VII - "God made the sun. God made the moon. God made the star." These
sentences are basic principle for Christian. Living things in the worlds started for many
million years ago. Nobody can tell the exact starting point of time for life. Life is complex.
Generation of living thing is a very complicated process and no present high technology can
work this. Natural makes life. This can be said that god made life. Due to Buddhism, life can
be generated if there are fulfill criteria. as a) father and mother have sexual intercourse, b) the
time is proper and c) there must be specific superstitious spirit for this condition. This is the
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fact. There must be gametes from both mother and father for fertilization. In human,
beginning of new lie is widely studied. After fertilization, development process in utero is
continuous. Embryonic generation is a developmental process for al human beings.
Everyone in this world had to pass this step before birth. Further process as passing from
embryo to fetus is the next step in utero. Birth is the finalized process for in utero processes
and thisisthe starting point of human status.

Considering the embryonic period, the generation of cell and tissue is the main hallmark
activity. Of severa processes, first sign of life, movement, can be seen at the third month
after fertilization. For cell and tissue growth, basic promoter as stem cell is required. Stem
cell is the basic cell generator of other cells and tissues. This is aso the important step in
development for starting of complete life. Stem cell has its main function during in utero
period. However, some stem cell is still existed and functional in full term human life. This
can be seen in bone marrow, which is the source of generation of blood cell in circulation. It
is accepted that blood cell must be generated all times thorough the life of human beings.
Harvesting stem cell for medical use is the present focus. It can be important and applied for
treatment process of some previously untreatable diseases. Stem cell technology could also
be a significant helpful tool for an understanding on early human developmental process and
screening potential candidates for new drug search.

Chapter VI1II - There are many basic case groups to receive extensive blood transfusions
including the cases in intensive care unit, thalassemic cases, acute blood lost cases as well as
traumatic cases. Approximately four-fifth get multiple transfusions. At present donor
exposure is an issue because transfusion risk is still apparent. Gived blood should be applied
for the treatment of cases as well as poses well asled with the same serious respect as well as
ethical stas well asards as with which it was gived by the donor. Directed donor or
purcposesed system should not be encouraged. Anonymous donation should be applied. Asa
rule blood msut be given as a gift with no reimbursement as well as should be applied to an
unknown case with the intention to help as well as not to harm. Donation shall be easy as
well as secure for the donor. Therefore, blood shall be poses well asled with respect as well
as should be applied with the intension to treat cases as previouly stated. Promotion of the
blood donation is the topic. Owing to arecent study, the principal obstacle for blood donation
isfear owing to poor knowledge.

Gived blood have to be applied for treatment of case directly or indirectly. Direct help to
the case might be transfusion of single units or transfusion of units from a batch, platelets or
plasma outcomes. Indirect help to the case include using of a few tubes for laboratory
controls or many units for stas well asards with the intention to help cases to set normal
values for a new test which is useful for laboratory medicine. Use of gived blood for other
aims than transfusion have to be no specific information when blood is applied as laboratory
quality controls but information for other kinds of use as well as assure for no identification
at the pposese of informed consent with identification of donor is needed.

Chapter 1X - Light is a basic thing that human beings know. Light is mainly from the
sun. Electricity can also provide light. Therapy by light is also a medical concept. Since light
poses energy therefore it might be used for treatment. In this chapter, the author will present
the topic on phototherapy. Main kinds of application, photodynamic therapy and classica
phototherapy for newborn will be discussed.
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Chapter X - At the starting point of this century genetics arose out of developmental
history as the science of the reasonable understanding of development. The concept of the
difference between the possibility for a trait and the trait proper, between the genotype and
the phenotype, was clear only during the first decade of the century. After Spemann's epochal
discovery, who aready rewarded with the Nobel Prize in 1935, of the organizer and the
beginning of the experimental analysis of developmenta fields, little or no progress was
derived until the last few years when a new emerging revolution appeared in developmental
biology. The classical point of view prevailed into the 1930s, and conceived the gene as an
indivisible single item of genetic transmission, recombination, mutation, and function. The
discovery of intragenic recombination in the early 1940s and the setting of DNA as the
physical basis of inheritance resulted in the neoclassical concept of the gene, which prevailed
until the 1970s.

In the past, studying of the gene is not easy but very difficult. Genetic laboratory seems
to be a complex and mysterious field. The discoveries of DNA technology, beginning in the
early 1970s, have resulted in the second revolution in the concept of the gene in which none
of the classical or neoclassical criteria for the definition of the gene hold extremely true.
These are several new findings concerning gene repetition and overlapping, movable genes,
complex promoters, multiple polyadenylation sites, polyprotein genes, editing of the primary
transcript, pseudogenes and gene nesting. Introduction of Southern, Northern and dot blotting
and DNA sequencing later in the 1970s considerably improved the diagnostic capabilities.
Nevertheless, it was the new finding of the polymerase chain reaction (PCR) in 1985 that
resulted in an exponential blooming in molecular biology and the introduction of practicable
nucleic acid tests in the routine laboratory. Blooming of molecular biology leads to several
simplified techniques for genetic studying. Finding amino acid sequence of a gene can be
easily done by basic sequencing technique.

Chapter XI — The word immunity is a basic medical word describing a specific system of
human beings. Immunity is a specific system dealing with the defensive mechanism.
Everyday, human body has to expose to severa alien foreign bodies and some of these alien
foreign bodies are harmful and needs proper management. Immunity plays important roles for
this overall process. Considering defensive mechanism of human beings, there are 2 main
parts immunity and non-immunity portions. Non-immunity portion is a non specific process
and usualy firstly act to any alien foreign bodies. Examples of non specific process are
mucous barrier and several reflexes. Considering immunity, it is a specific process. The
hallmarks of immunity consists of memory and specificity, therefore, the first exposure
cannot generate immunity. The immunity process can be divided into two main parts:
humoral mediated immunity and cellular mediated immunity. Humoral medicated immunity
makes use of humoral substance, antibody for action. Whereas cellular mediated immunity
makes use of cells, blood cells, for action. Of several cells in blood stream, lymphocyte, T
cell, B cell and nonTnonB cell, are mentioned for cellular mediated immunity. These main
kinds of lymphocytes take important role in cellular immune process. T cell takes role for
generation of cytokine whereas B cell takes roles in antibody generation process.

As mentioned, immunity plays main roles in defensive mechanism. When aforeign body
enters into human body and pass non specific immune defensive mechanism process, it will
be further reacted by immunity. Destruction of foreign body can be seen via antibody system
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with help of compliment or via cell mediated immunity process with help of cytokine. With
complete full function of immunity, pathogens or foreign bodies can be successfully
destroyed. However, in some cases, those aliens can conquer immune system process and this
will result in pathological conditions or diseases. Good examples are infections. With
complete perfect immunity, human will be helpful. However, extremely high immunity
process or hypersensitivity can be problematic. On the other hand, extremely low immunity
process of immunity or immunodeficiency can also be problematic.

Chapter XIlI — Vaccine is a specific important tool in medicine. Due to the principle of
immunity, human beings require immune to defend any alien foreign bodies. However,
immunity cannot be functional if there is no previous exposure. This means it has to be a
memory before immune generation or the human beings must experience previous foreign
bodies' invasion. However, in some cases, immunity is slightly generated and cannot fight
with external invasion of align foreign bodies and this brings mortality and morbidity.
Therefore, simulating the invasion of aign foreign bodies to prepare for rea invasion is
needed and very useful. This is the concept of vaccination. Vaccination is defined as a
primary prevention. Vaccine can prevent before real existence. Vaccine is a mode of
simulating interaction as previously described.

Vaccination is classified as an active immunization. This means tit makes uses of human
beings physiological process to create immune by itself. There are several vaccine at present.
Recommendation for vaccination might be different in different settings. Expanded Program
on Immunization (EPI) is the basic public health one in all countries. With use of vaccine,
controls of many infectious diseases are feasible. Pox is an example of infectious disease that
can be controlled by vaccine. This infection is already got rid of by succeed in global
vaccination. The presently widely used vaccine include rabies vaccine, measles vaccine,
rubella vaccine, Japanese encephalitis vaccine, hepatitis B vaccine, hepatitis A vaccine,
influenza vaccine, varicella vaccine, pneumococcal vaccine, pertussis vaccine, diphtheria
vaccine, BCG and toxiod. However, at present, there are attempts to develop more vaccines
for real clinical usage/. Thisisthe aim of preventive medicine. In addition, there are attempts
to develop vaccine for expanded usefulness. This is the origin of therapeutic vaccine. Thisis
the new trend to use vaccine as treatment tool. This is classified as immunotherapy. The
details of this new way of immunotherapy will be further detailed and discussed in this
chapter. To produce a therapeutic vaccine, it might be a basic knowledge on biotechnology
and immunology. More details on this item can be seen in this chapter.

Chapter Xl - Terminology, chaperone means an adult who takes care of one or more
unmarried men or women during social occasions. But this is not the medical specific
meaning. In medicine, chaperone therapy is a new concept. Helping or assisting on other
molecules is aso the ways that chaperone acts. This term is primarily used in molecular
biology. “How do chaperones operate in cells?’ is a big scientific question. Saibil said that
recent advances were giving an improved understanding of the nature of chaperone
interactions with their non-native substrate proteins.

Burston and Clarke said that chaperones could be broadly defined as proteins which
interact with non-native states of other protein molecules and this activity was significant in
the folding of newly synthesized polypeptides and the assembly of multisubunit structures;
the maintenance of proteinsin unfolded states fit for translocation across membranes; and the
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stabilization of inactive appearances of proteins which are switched on by cellular signals;
and the stabilization of proteins unfolded during cellular stress. Hartl said that different types
of molecular chaperones, such as the members of the Hsp70 and Hsp60 families of heat-
shock proteins, participate in a coordinated pathway of cellular protein folding.

Basically, Hsp70 proteins are central components of the cellular network of molecular
chaperones and folding catalysts and these proteins could help a large variety of protein
folding actions in the cell by transient relation to their substrate binding domain with short
hydrophaobic peptide segments within their substrate proteins. Hsp90 is another molecular
chaperone related to the folding of signal-transducing proteins, such as steroid hormone
receptors and protein kinases. Hsp90 contributes to several discrete subcomplexes, each
having distinct groups of co-chaperones that function in folding pathways. Wegele et a. said
that the chaperones Hsp70 and Hsp90 might have a function in the folding and maturation of
key regulatory proteins, like steroid hormone receptors, transcription factors, and kinases,
some of which were related to cancer progression. They noted that Hsp70 and Hsp90
construct a multichaperone complex, in which both are jointed by a third protein called Hop
and such connection of and the interplay between the two chaperone machineries was of
significant importance for cell viability. Callebaut et al. noted that domain 111, common to the
hsp60s and hsp70s was also found in the hsp90s and adopts a beta-al pha-beta Rossmann-
folded structure which was enrolled in the NAD-binding domain of dehydrogenases. They
noted that the hsp molecules could act as unfoldases by disrupting secondary structures
through redox reactions on the main polypeptidic chain with which these molecules interact.
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BASIC PRINCIPLE OF MEDICAL TREATMENT

HEALTHY AND DISEASE
A. General Concept

Health is the best wealth. Everyone requires good health to maintain his’her daily life. In
general, everyone will be healthy if there is no external or internal insult to disturb his/her
normal physiological function. There are severa possible insults that can bring problem to
one's health. The insult can be biological, chemical or physical. Examples of biological
insults are pathogen, germ, parasite, organic substances and etc. Examples of chemical insults
are chemical substances and toxins. Examples of physical insults are electrical power,
mechanical power, radioactive power and etc.

For developing an overt abnormality, there will be a classical process. Molecular or
submolecular changes will accumulate to form a biochemical change. Biochemical changes
will accumulate to form a physiological change. Physiological changes will accumulate to
form an anatomical change. Anatomical changes will accumulate to form overt abnormality.
This step by step process is the core concept in medicine. This concept is also applicable to
the concept of advanced bioinformatics. To study on a disease, probing to awide range on its
pathogenesis can be done by modern biocinformatics concept. From gene to protein to
expression can be manipulated. Geneomics makes use of genome data to explain genomic
phenomenon. Proteomics makes uses of proteome data to explain proteomic phenomenon.
There are aso other “omics’ sciences that can be used. The other omics sciences are
transcriptomics, metabolomics, cytomics and etc. If readers feel interested on these new
omics sciences, suggestion is made for reading textbook on bioinformatics science.

Focusing on the work “disease”, it covers a wide range of disorders. Disease is usually
used for describing any overt abnormalities. Disease usually means any conditions that need
proper medical management or treatment. It should be noted that some abnormalities,
especidly for those in molecular level change, will not be called disease. Hedlthy in general
means no disease. However, as previously mentioned, molecular level abnormalities can be
existed and this brings the stage of pre-disease or risk. The current concept in medicine
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moves to prevention rather than treatment. In preventive medicine, finding for risk is
necessary and proper management on identified risk must be done.

The study of the relation of man to hig’her environment in developing countries
emphasizes the inevitable need for societies to know the true causes of infection,
malnutrition, and poverty [1]. The requirement is for improvement in the quality of human
lifein less devel oped nations, a recommendation easy to prescribe but hard to accomplish [1].
The present focus includes the relation between economic and other factors in health
development [2]. This interpretation has been selected for the acceptance of a disciplinary
approach in the commissioning of papers might have the unintended effect of excluding some
key areas of study, which makes use of the consideration of crucia interrelationships
between disciplines [2]. Nutrition as a discipline evolved out of medical and bio-chemical
concept on the relation between food and health [3]. Until the 1950s nutrient deficiencies
dominated the nutritional track of analysis[3]. From this moment attention was further led to
nutritional consequences of the welfare state [3]. The interrelation between health, nutrition
and welfare is complex.

B. Health and Nutrition

It is accepted that nutritional status can reflex health status. In the 1980s, communication
between anthropology and demography has increased broadly [4]. Methodological advances
in demography have helped anthropologists conquer problematic aspects in describing and
estimating parameters of populations [4]. New techniques include determinations of
demographic parameters from the close study of kinship, computer simulations, model life
tables, and other techniques in paleodemography [4]. Early malnutrition has been broadly
associated with chronic diseases later in life [5]. The finding of metabolic disorders in
individuals with malnutrition in fetal life and early in postnatal life may have significant
public health implications in developing countries, although only a few researches have
examined the relationship between body weight at the first year of life and later metabolic
abnormalities [5]. At this moment it is necessary to proactively discuss and promote healthy
eating behaviors among children at an early age and reassure parents to promote children's
ability to self-regulate energy ingestion while providing proper structure and boundaries
around eating [6]. The changes that are existent in body composition during ageing are
described and how this may affect reduce risk [7]. The possible metabolic processes behind
weight loss are discussed and many other factors that affect nutritional status in the older age
group are described [7]. A life-course approach to chronic-disease epidemiology can make
use of a multidisciplinary framework to understand the importance of time and timing in
associations between exposures and results at the individual and population levels [8]. Dueto
this approach, health and nutrition has a very strong correlation [9]. “Does public health
strategy give consideration to the manner of nutrition and its consequences for heath?” isthe
main present question [9].
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C. Health and Welfare

Heath and welfare has a closed correlation. The association between morbidity and
mortality indicators and low socio-economic status has been observed for many centuries
[10]. Although the 1979 report of the Royal Commission on the National Health Service
upheld the public organization of a free heath service in Britain, it did not bring a
comprehensive retrospective view of the relationship between health experience, health
goals, and health service policies [11]. Changes of life style resulting from rapid economic
growth are suspected to be significant causes of the change in the prevalence of tuberculosis
and acute gastrointestinal infectious disorders [12]. As for medical care services, severa new
medical requirements have emerged in recent years, including "quality of life," "paliative
medicine in terminal care," "establishment of a primary care system" and "comprehensive
care connecting health and medical care with welfare" etc [12]. Improved living standards
resulting from economic growth, called the "economic miracle” internationally, have assisted
to bring about a rapid and wide range of change in daily lifestyle, such as ingestion habits,
working conditions and environment [12]. Hill said that the destruction of health
infrastructure resulted in a loss of structures and processes that would otherwise protect
prospective research subjects who are part of vulnerable populations [13]. More and more
attention in several areas of medical activities is being used to the social aspects, for both
individual and society levels, of these activities, and there is a drift from applied sociology
towards medical one [14]. In spite of the cessations of the development of medical sociology
as separate branch of sciences, the researches of recent years are demonstrating obvious
approaching modern study issues and means, which do exist in contemporary world [14]. It
identifies the growth of health systems research as part of a trend towards sectoral and
programmatic development assistance, the emergence of new knowledge generation as a
form of research linked to development, and the feasibility for conflict where multilateral and
bilateral donors are both primary funders and users of health systems report [13].

D. Nutrition and Welfare

Nutrition can be the result of welfare management. The effect is well demonstrated in the
pediatric population. Chaudhuri said that young children spend more than 90% of their time
in the household environment, a specific place of exposure to hazardous substances [15].
Chaudhuri also said that childhood diarrheal disease and acute lower respiratory infectionsin
the developing world represented a large portion of the global burden of disease and are
strongly related to housing conditions [15]. In addition, Chaudhuri mentioned that allergies
and asthma were also strongly linked to housing conditions, therefore, intervention to
improve housing was essential to improve and maintain children's health [15].
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E. Trade and Welfare [16-17]

It is the basic assumption that the change in social welfare when trade is allowed can be
measured by the changes in producer and consumer surplus. Allowing good trade can
increase social welfare in the sum of producer and consumer surplus.

This is because when a good is exported, suppliers gain and consumers lose, compared to
the no trade position and when a good is imported, suppliers lose and consumers gain,
compared to the no trade position. Since trade increases welfare of an economica system,
welfare can be measured by the sum of producer and consumer surplus. It means social
welfare is maximized at the competitive price and quantity for a good. Indeed, free trade is
good for social welfare. However, there are some augments that should be mentioned: jobs
argument, national defense argument, infant industry argument and unfair competition
argument.

PuBLIC HEALTH CONCERN FOR PEOPLE IN THE
RURAL COMMUNITY

A. Introduction

Public health is an important focus in medicine. Rural public health is a major part of
public health. Rural public health must be viewed in the context of the entire system of health
care [18-19]. Basicaly, rura people usualy die of the same diseases as urban people, but
often at higher rates. Deaths from accidents are also more prevalent in rura areas. Fewer
resources to support public health initiatives in rural areas is common. The major aspects of
rural public health include preventing epidemics, protecting against environmental hazards,
preventing injuries, promoting healthy behaviors and responding to disasters [20-23].
Assuring quality and accessibility of health care for underserved populations are necessary.

It is a basic concept that if you've seen one rural community, you've seen one rurd
community. This means that there is a high variability among different settings and
uniqueness in one setting. A good example is the different in ranging of health olympics
among different countries. Japan is the country with the accepted best rural public health.
Health care and economic development are integrally linked in rural areas. A concern on
economical impact and rural public health will be discussed on this article.

B. Consideration on Public Health Policy

Rural health policy development focuses mainly on access issues [24-27]. The good
public health policy generally doesn’t different between distinction rural and urban. Good
public health policy should be integral to ensuring the health of rural populations and
accession to both public health and primary care professionals.

At present, the challenges in rura public heath include poverty, inadequate
transportation, remote distance, elder and economic decline. Increasing health care provider
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costs, shortages of providers, lack of facilities, decreasing federa and state subsidies,
underprivileged groups in communes (pregnant, infant, elderly) and changing of consumers
behavior to improper urban styles must be concerned.

Good rural public health policy should cover those themes. The important notes for rural
area are trend of providing clinical services detracts from preventive activity, many dilemma
clinical practices and provision of indigent care. The four main barriers; financial,
geographic, organization and sociological factors, must be concerned. The main
infrastructures to be concerned in rural public health include

1

leadership [28-29]

The problem of leadership exists in many rural areas. It seems that good
organization is still lack in many communes and this brings diminishing in rura
representation. Fragmentation of public health programs are launched into villages. It
is necessary to create correct perception of public health’s role into the rural
community. Development of strong public health leader is needed.
workforce preparedness [28-29]

The certified public hedth employees are usually lack. Rural health usually
faces a continuing problem of attracting and retaining the proper public health
professionals. Although certificate or formal education in public health is available
but there is only a few graduated worker. Many communities used the system of
village health volunteer for running of public health system and this can lead to low
quality project.
safety net provider support [29-30]

Rural public health agencies caught lies on conflicting demands, population-
based services versus supporting a safety net of personal health services. High
degree providers, external to basic public health care system, can be seen in urban
but it is hardly assessable and affordable by rural villagers. Over- and under- medical
care are the problems for many communities.
managed care impact [31-32]

Managed care has variable impact in rural areas. It has a strong potential to alter
existing funding mechanisms. The systems appropriate for urban areas may not be
appropriate for rural areas. Validation and selection need proper consideration.
Telecommunications [33-34]

Telecommunications are the way for bringing new knowledge to the community.
Since knowledge is the basement for attitude and practice, therefore, provision of
knowledge by good telecommunication is needed.

Most rural communities are still in need of telecommunications technology to
take advantage of it. Stabilizing rural public health in communities requires starting
with basic telecommunication equipment.

Funding [35]

Public health funding is usually unstable. On the other hand, many funding are
not necessarily tied to actual need. However, their own requirements, criteria, and
expectations are usually poorly identified.

Rural public health sections are usually received federal, state, and local funds.
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C. Economic Development and Rural Health [24-25]

As previously mentioned, economic development and rural health are strongly correlated
[26-27]. Strong linkage between rural development and health care improvement are
proposed. It is necessary to using economic development to strengthen the rura health.
Finding models to improving financial access is needed. When identifying the system of rural
public health, it should cover all subsets (including hospitals, health care workers, nursing
and protective care, home health, village health, public health, pharmacies and local palitics).
Focus must be systematized, broadening and in depth. How to balance the need of individual
and the necessity is the main theme. Public understanding and expectation on population
health, legal framework with system outcomes, broader social needs with appropriate limited
financing system and balance of equity and choice between provider expectations and
funding are the aims.

Health care is often overlooked. Limited employment in rural communities comparing to
urban is a main factor for drainage of high skilled health care workers to the cities. Needs or
health care consumers are rapid growing while quantity of providers is reducing. Similar to
general economical principles, the more health care services are provided within rural
communes, the greater the share of these moneys that return to the local economies. Demand
for specialized, skilled workers coupled with push for cost reduction makes the hardness in
balancing.

To know the present economical system is necessary for good planning of rural health
policy [36]. Rura headth care infrastructure must be carefully analyzed. Conducting
community needs assessment planning processes including an analysis of the economics of
the rural health care system are important basic requirement. These data can be used to
stimulate the development of sound rural health policy in the macro-scale and it provides a
common language between health, economic development, and local officers in micro- or
local scale. It must be accepted the fact that less money is available for construction
contrasting to future expansion. How to cope with the problem of fewer trained personnel
with the trend of increasing retirement to private sections required urgent policy. Frequently
communities have to manage themselves in “unsure” track. The objectives of such new
projects are to improve health, improve quality of life, reduce time, reduce traveling and
increase dignity. Hygiene and sanitation can be the monitoring markers.

CLASSIFICATION OF DISEASES

Disease is an overt disorder as previously mentioned. Thousands of diseases are listed in
the medical documents. Classification of disease is required. There are many systems to
classify diseases. In a common way, disease can be easily divided into infectious and non-
infectious diseases. I nfectious disease means any disease that is caused by infection. Infection
is any condition that relates to the infective agents (bacteria, fungus, virus or parasite).
Whereas non infectious disease is any disease that is not caused by infection, which is on the
opposite side to infectious disease. Indeed, several other causes of disease, apart from
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infectious conditions, can be seen and usually problematic. Examples of infectious and non-
infectious diseases are shown in Table 1.

In the same sense, two groups of diseases, communicable and non communicable
diseases are also described. Communicable disease is usualy equal to infectious disease
while non communicable disease means non-infectious disease.

If classified by etiology, there will be many groups of disease. The main classified
groups are

1

Trauma

Traumais agroup of disease that is caused by injury. Thisis an important group
of disease in the present. Accident is the leading cause of death for many countries.
Trauma is usually sudden and acute. Prompt treatment is required. High mortality
and morbidity can be seen.
Tumor

Tumor is another important group of disease that becomes new problems for
many countries. Tumor usually means cancer. However, some tumors are not
cancerous. High mortality and morbidity can be seen especially in cases of cancer.
Unluckily, exact causes of all cancers are not successfully detected. Focusing on
cancer, no favorable treatment is available and there is a need for further research on
this area.
Infection

As previously noted, infectious disease means any disease that is caused by
infection. This condition attacks millions of world population annually and it bring
fatality to millions of world population.
Immune-related disease

Thisis an interesting group of disease. Immune-related disease is a new focused.
There are many new described diseases in the group of autoimmune disease. A long
way for going is still left for diagnosis and treatment of immune-related diseases/
Intoxication

Intoxication results from getting in toxins into the body by any methods
(inhalation, skin contact, ingestion, injection and etc.) This is a problem and can be
related to pollutant and environmental insults (for sure, there are also other groups of
minor diseases that are not hereby mentioned).

Table 1. Examples of infectious and non-infectious diseases

Infectious diseases Non infectious diseases

Rabies, typhoid fever, measles, ascariasis, Diabetes mellitus, diabetes insipidus, Graves disease,
filariasis, dengue fever, taeniasis broken leg, burn, plubism, carbon monoxide intoxication

Using the model of holistic approach [37-40], disease can be seen in all categories. bio,
psycho, social and spiritual. Irvine and Warber noted that incorporating the natural world into
healthcare could provide health benefits and improve the design of healthcare facilities [41].
Irvine and Warber aso indicated the importance of holistic approach [41]. Greaves et al. said
that recent critiques of Western medicine focused mainly on the biopsychosocial model in
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relation to the former approach, but this could not deal adequately with the challenges that
medicine currently related, because athough it focused both the scientific and humanistic
aspects of medicine it was not successful to harmonise them [42]. Therefore, harmonization is
the important step for holistic treatment. Focus on each aspect will be hereby discussed.
1. Biological aspect
As listed in the previous part, there are many biological disorders that can be
seen in medicine. Those diseases are the core for classical treatment.
2. Pscyhological aspect
Not only biological problem, psychological problem emerge in the present day.
Pscychological stress can be seen by everyone in everyday. The increased incidence
of psychological disorders at present brings psycholical diseases important topic in
medicine. Abiodun said suggested that there was an urgent requirement to develop
better collaboration between psychiatric and non-psychiatric physicians in clinical
services, research and training at the primary, secondary and tertiary levels of health
care[37].
3. Social and spiritual aspect
Some diseases are directly related to local traditional. A so-called culture-
bounded syndrome is mentioned.

FADE OF DISEASE

Disorder or disease is an unhedthy condition of human beings. This is not a
physiological condition. Fade of disease is a basic knowledge for all physicians. Any disease
can result in many finalized outcomes. Without confounding factors, natural history of
disease can be in these categories. self-limited or progression. With available treatment
option, fade of disease include @) can be self-limited with or without treatment, b) can be
cured if treated and cannot be cured if not treated, and c) cannot be cured with or without
treatment. Examples of diseases that can be self-limited with or without treatment are cold
and itching lesions from mosquito bite. Examples of diseases that can be cured if treated and
cannot be cured if not treated are acute bacterial pneumonia and shigellosis. Examples of
diseases that cannot be cured with or without treatment are rabies and poliomyelitis. With
known fade of disease, any disease can be proper managed. This is helpful for classification
and policy planning for preventive purpose. Due to simple rational, diseases that can be self-
limited with or without treatment might not receive high priority but diseases that can be
cured if treated and cannot be cured if not treated should receive the highest priority and
selected group to receive treatment [43-45]. However, this does not mean that other diseases
apart from the group that that can be cured if treated and cannot be cured if not treated
require no treatment and neglected. Despite the group that cannot be cured with or without
treatment supportive and symptomatic treatments should be provided to relief the pain and
unhappiness of the affected patients. Thisisthe basic rule of medicine.

Considering the phase of treatment, there can be several phases. Early treatment means
treatment at early stage of disease. Thisis called as prompt treatment and can be secondary
prevention. This is focused in the present day. It also shifted to the treatment before disease
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or pre-symptomatic treatment. Late treatment means treatment at late stage. This is usually
related to high mortality and morbidity. This is not wanted. Another meaning can be the
rehabilitation which isthe tertiary prevention to limit the extension of disability.

How 1O TREAT?

A basic principle of physician is treatment. However, it must reconfirm for the roles of
physicians which include diagnosis, treatment and prevention. The treatment process is
usualy the final step. The treatment is usualy a following process of diagnosis. Without
diagnosis, treatment cannot and should not be performed. Although the definitive diagnosisis
not derived the provisional diagnosis by clinical appearance of the patients must be derived
before planning any treatments. Therefore, it is necessary to talk about diagnosis in medicine.
Diagnosis of any diseases should be done after the complete history taking and physical
examination. An important process is to perform a complete systemic review focusing on all
organ system of the patients. Laboratory diagnosis is the following tool for help confirm
diagnosis or theoretical thought of clinical summary from history taking and physical
examination. Several laboratory investigations are available at present and should be
carefully selected for proper usage. To rationally select, the physicians must have good basic
knowledge on clinical pathology. Laboratory medicine is a requirement course for al
undergraduate medical students.

When the completeness of diagnosis step is done, it is the major role of the next step,
treatment or therapy. The basic concept for treatment is a) getting rid of the etiological factor
or cause of disease and b) limiting and recovering of the destructive part due to the disease.
This concept can be applied for al kinds of diseases. It is a basic and good solution to the
guery how to perform a treatment. Getting rid of etiological factor can be done by many
methods especially for medical and surgical procedures. Similar processes can be used for
limitation and recovery of pathological findings from disease. Medical or surgical procedures
might be selected.

As a case study, the author will demonstrate the case of case bacterial pneumonia. What
is the proper treatment? The first aim to get rid of etiological factor will be firstly focused.
The etiology due to the given diagnosis is due to bacterial infection. Bacteria is accepted as
the etiology of this disease. This can be diagnosed by method of basic microbiology test.
Sputum examination might reveal Gram’s positive bacteria. If there is any evidences from
laboratory examinations as described, the outcome of treatment can better warranted. The
treatment for getting rid of the pathogen is antibiotic treatment. Penicillin might be
administered. For the second purpose to limit and recover, symptomatic and supportive
treatments such as antipyretic drug and intravenous fluid administration can be used. Another
case of dog bite will be hereby further discussed. The first aim to get rid of the etiology is the
management of the wound because the wound is the thing that brings the patient to visit the
clinic. Management of wound by wound dressing is the first step. For second purpose for
limitation and recovery, tetanus toxoid, rabies vaccination, oral antibiotic and analgesic drug
can be given. These were al further prescribed after primary wound caring. It can be seen
that limitation of disease in this case study can be aso accepted as the prevention based on
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preventive medicine. Prompt treatment is the rule of secondary prevention. Finaly, the last
case of ovarian tumor will be mentioned and hereby discussed. To get rid of the cause of
disease or tumor, a surgical procedure namely oophorectomy can be selected. This is the
removal of the problematic mass at ovary. For limitation and recovery, the symptomatic and
supportive care, especially for post operative period must be given and planned. In addition,
it there is later additional diagnosis from following up laboratory investigations such as
cancerous finding from histopathology of surgical specimen, additional treatment as
chemotherapy should be set. These examples might be helpful for the reader to generate the
idea and better understand of the concept of treatment in medicine.

Finally, the author would like to mention for the ethics for medical treatment.

Similar to diagnosis, different in medical treatment can be seen. An important widely
discussed problem at present is “double standard [48].” The problem can be seen in medicine
and can bring the threat to medical society. The problems are mainly due to overtreatment or
refusing for treatment because of socioeconomic problem of the patient. This has to be
avoided. The principle of “first do no harm” must be used.
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Chapter I

NANOTHERAPY

INTRODUCTION TO NANOSCIENCE [1-77]

Nanotechnology is a modern technology covering to management, construction,
synthesis of devices in atomic or molecular level that has its the size between, 1 and 100
nanometers. The nanodevice has its special function in physical, chemical and biological
aspect that can be adapted for usage. Nanotechnology is the application of knowledge on
nanoscience [8-10]. Nanoscience is a modern science covering on the natural fact of
nanolevel conditions. Nanoscience focuses on three main scientific areas: physical, chemical
and biological sciences. The main fundamental knowledge for the beginner in nanoscience is
what nanolevel is. “Nano” is a modern scientific work describing for the 10° level. The
nanolevel is minuteder or fewer than microlevel (micro = 10°®). Nanotechnologies can assist
practitioner diagnosis at the single-cell and molecule levels, and some can be adapted in
current molecular diagnostic methods, such as biochips [11]. Nanoparticles, such as gold
nanoparticles, silver nanoparticles and quantum dots, are the most broadly used, but various
other nanotechnological devices for manipulation at the nanoscale as well as nanobiosensors
are also promising for potential clinical applications [11]. In conclusion, nanotechnologies
will expand the borders of current molecular diagnostics and assist in point-of-care
diagnostics, integration of diagnostics with therapeutics, and modern construction of
personalized medicine [11]. Jain mentioned for the emerging role of advances in biochip and
microarray technologies in the modern construction of personalized medicine [12]. Jain
proposed that biochips such as GeneChip, CYP450, electrochemica biochips, protein
biochips, microfluidic biochips and nanotechnol ogy-based biochips played a significant role
in molecular diagnostics, and their application in point-of-care diagnosis is expected to
facilitate the modern construction of personalized medicine [12]. Although the potentia
diagnostic applications are wildly expanded, the most important current applications are
limited in the areas of biomarker discomuch, cancer diagnosis, and determination of
infectious pathogens [11].
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WHY “NANOTHERAPY”’? [12-16]

Treatment is an important medical activity. Although it is accepted that prevention is
better than treatment therapy for already presented disorder is necessary. Therapy can be
either specific or symptomatic treatment aiming at curative or minimize suffer of the illed
subject. Modern construction of treatment has been continuous for years and nanotherapy is a
modern advent is medical treatment and becomes a modern hope in medicine. At present, it
reveals that there are till severa limited sides of old-kindd treatment. The specificity of
treatment in old-kindd therapy is a focus. It is accepted that old-kindd therapy is limited in
site and size of treatment. Access to the right site is the key for the most powerful treatment.
It cannot be repeated that the best connection is the connection at the real problematic
issueatic site. This is the way of thought of medical treatment. Indeed Retail hers proposed
for the way of thought of magic bullet since the nineteenth century [17-19]. This way of
thought is the focus for pharmacological treatment at present. The best case study is the case
of chemotherapy. In the old-kindd chemotherapy, lack of good site specificity brings many
complications; destroying of non cancerous cells [20-22]. For size specific, the best case
study is the concern on surgical wound [23-25]. Now, the way of thought of present surgery
is the least injured practical method. This way of thought is also corresponding to the basic
medical rule “First do no harm [26-30]".

The answer to the query “How can we search the site and size specific therapy?’ has
been searched for years. Luckily, due to the advanced nanobiotechnology, the answer reveals
to be reached. The core way of thought of nanotechnology is the “small”. In one sense, small
means specific: focus on a limited scoped site and size. In addition, due to rule of
nanomaterial, including surface area effect will quainter effect, application of nanomaterials
as modern supplement alien to improve old-kindd therapeutic protocol can be much valuable.
In this chapter, the details on advanced nanotherapy will be summarized and presented.

NANOSURGERY AND NANODENTISTRY

Neurosurgery is the modern way of thought in surgical medicine [31-32]. As previously
mentioned, minuted wound is a focus of present surgery. The way of thought is that minuted
surgical wound means minuted alignment of blood loss and minimization of intraoperative
and post operative complication. Minuted wound also reduce the postoperative hospitalized
period for the illed subject. However, the real nanosurgery for human beings has rarely been
reached. There are some advents in eye surgery. Femtosecond laser pulses, emitted from
lasers working in the near infrared, based on multiphoton effects permit both imaging and
laser effects to be generated which are in the submicron range and which do not cause
collateral destruction is available [33]. Similar to nanosurgery, application of
nanobiotechnology for nanodentistry [34] can be early reported as the modern construction of
many instruments and devices. Nanotechnology also has a significant relationship in dentistry
materials.
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GENE THERAPY AND NANOBIOTECHNOLOGY

Gene therapy is the advanced therapeutic way of thought at present. By definition, gene
therapy implies to local or systemic administration of a nucleic acid construct that can
prevent, treat and even cure diseases by changing the expression of genes that are
corresponding for the pathological condition. Gene therapy involves gene manipulation and
transfer. A number of polymer-based synthetic systems, or 'vectors, have been developed to
entice cells to use exogenous DNA [35]. This therapy is the hope for treatment of presently
non curable diseases. Gene-delivery systems usualy include a carrier system which both
protects the gene expression plasmid and permits its extracellular and intracellular
transportation [36]. Viruses are used in most of the clinical tests today; however, they do
have important drawbacks, therefore, non-viral vectors based on lipids, water-soluble
polycations, other non-condensing polymers and nano- or microparticles/capsules have been
proposed [36]. Nanobiotechnology can be adapted for the complex gene therapy process. At
present, both biodegradable and non-biodegradable inorganic particles can be successfully
fabricated in the nano-scale with the attributes of binding DNA, internalizing across the
plasma membrane and lastly releasing it in the cytoplasm for final expression of a protein
[37]. In addition to the old-kindd system (intravenous injection), modern construction of
polymer-based nanoparticle technologies for oral gene therapy is ongoing [38].

STEM CELL THERAPY, TISSUE ENGINEERING AND
NANOBIOTECHNOLOGY

Stem cell therapy is another advanced therapeutic way of thought. It is adapted for
treatment of many diseases especially for congenital defects and malignancies. The best case
studies of nanobiotechnology application in stem cell therapy can be seen in nanohenatol ogy
[39-42]. Tissue engineering is another advanced biotechnology that is vauable for
regenerative medicine [43]. Basically, cross-linking and cross-bridging are highly versatile
methods of creating composite protein structures with desired mechanical properties such as
deformation endurance, elasticity, extensibility, and stability under intensive and repetitive
sheering forces [44]. The nanomaterials can be used as structura cross-linking and cross-
bridging polymers for the modern generated tissues. With the ability to form nano-fibrous
structures, a drive to mimic the extracellular matrix and form scaffolds that are an artificial
extracellular matrix suitable for tissue formation has begun [45-46]. Simth and Ma proposed
that the nano-fibrous scaffolds attempted to mimic collagen, a natural extracellular matrix
component, and could potentially provide a better environment for tissue formation in tissue
engineering systems [45]. Murugan and Ramakrishna noted that scaffolds played a pivota
role in supporting the cells to accommodate and guided their growth into a specific tissue;
therefore, designing scaffolds that are favorable to cellular growth was importance [47].
Murugan and Ramakrishna also said that electrospinning was a straightforward, cost-
effective, and versatile technique that could be adapted for the fabrication of nano-featured
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scaffolds suitable for tissue engineering and it bringed many advantages over conventional
scaffold methodologies [47].

Nanobiosensor implant should also be mentioned. Nanobiosensor implant is an
application of nanobiodievice. At present, it is accepted that it is probable to implant a much
minuted, nanoscale, biodevice into the human body. The nanobiosensor implant can be
valuable for treatment aiming at physiological response to the rhythmic change in human
body. The best case study is the case of diabetes mellitus, which is an endocrine disorder
[48]. Basically, the diabetes mellitus is the disease with insulin, pancreatic hormone, disorder.
The treatment must match with the daily physiologica rhythmic change of insulin in the
human beings.

APPLICATION BY NANOPHARMACOLOGY

Steady progress in the identification of human pharmacogenetic variants and modern
discoveries of disease susceptibility genes makes the old notion of one disease/one drug
untenable [49]. The present way of thought of pharmacology is highly selective
pharmacological therapy. This way of thought has been proposed for centuries. This way of
thought was firstly propagated by Paul Ehrlich. The best case study of magic bullet way of
thought is adapted for cancer therapy [50-51]. There is a great need for more specific
focusing of chemotherapeutic agents, but modern construction of specific therapy will be
hard in light of the barriers which separate a tumor from the vasculature, tumor cell
heterogeneity and instability, technological advances necessary for drug delivery design and
introduction into the clinic and mechanisms for assessment of efficacy [52]. However,
Kreuter et a. noted that behavioral and socia strategies will not come in the form of pre-
packaged, easily exported "magic bullets,” complete with efficacy estimates, for the
prevention and control of selected cancers [53].

Nanotechnology is the modern hope to lead us directly to the magic bullet [54-56].
Indeed, the technology is expected to create innovations and play a crucial role in various
biomedical applications, not only in drug delivery, but also in molecular imaging, biomarkers
and biosensors [57]. Focus-specific drug therapy and methods for early diagnosis of
pathologies are the priority research areas where nanotechnology would play avital role [57].
During the past 30 years, the explosive growth of nanotechnology has burst into challenging
innovations in pharmacol ogy, the main input being the ability to perform temporal and spatial
site-specific delivery [54-56]. This has led to some marketed compounds through the last
decade [54].

Introducing foreign bodies into the complex machinery of the human body is, however, a
great and humbling challenge [58]. In order for nanobiology to reach its full potential, a
means to ater the properties of nanoparticles, as expressed in the human body, in a
predictable manner is needed [58]. Computer-aided methods are the natural choice to speed
up the modern construction of these technologies [59]. In silico nanobio-design is important
technique. The important step for in silico drug design will be further reported.
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A. Genome Sequence Analysis

Genome segquence analysis is valuable for searching of modern drugs, especialy for
infectious diseases. The availability of a complete microbial genome sequence in 1995
brought the originating of a genomic era that has permited medical scientists to change the
paradigm and approach vaccine modern construction originating from genomic information
[60]. The whole-genome perspective is expected to provide an instrumental contribution to
drug and vaccine modern construction, particularly to focus those pathogens for which the
traditional approaches have failed so far [61]. Combining pathogen genome sequences with
the host and vector genome sequences is promising to be a robust method for the
identification of host-pathogen interactions. In additional, comparative sequencing of related
species, especially of organisms used as model systems in the study of the disease, is
beginning to realize its potential in the identification of genes that are involved in evasion of
the host immune response [62]. These data are all valuable in drug and vaccine modern
construction [63].

B. Microarrays

Identification of an immune response correlate for protection against pathogen would
greatly facilitate the rational modern construction of an effective vaccine. However, detecting
such a correlate has been a daunting task. DNA microarray technology is a modern and
powerful tool that permits the simultaneous analysis of a large number of nucleic acid
hybridization experiments in a rapid and efficient fashion [64]. An advantage of microarray
technology is that it can assist researchers to better define and understand the expression
profile of a given genokind associated with disease, adverse effects from exposure to certain
stimuli, or the ability to understand or predict immune responses to specific antigens [64].
The modern construction of DNA microarray technology a decade ago brought the
establishment of functional genomics as one of the most active and successful scientific
disciplines at present [65].

C. Proteomics Approach and High-Throughput Cloning

Despite the increasing availability of genome sequences from many human pathogens,
the production of complete proteomes remains at a bottleneck. Traditionally, the production
of a recombinant protein requires a preliminary cloning step of the focus gene into an
expression vector before evaluating its cellular expression [66-67]. Among current methods,
site-specific recombination cloning techniques, which eliminate the use of restriction
endonucleases and ligase, bring several advantages in the context of high throughput
practical methods [67]. Rapid and highly efficient, the recombinational cloning technology is
largely used for structural genomics and functional proteomics [66-67]. High-throughput
approaches for gene cloning and expression require the modern construction of modern,
nonstandard tools for use by molecular biologists and biochemists [68]. High-throughput
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PCR recombination cloning and expression platform has been developed that permits
hundreds of genes to be batch-processed by using basic laboratory practical methods [69].
The derived data can be valuable for drug and vaccine modern construction.

D. Bioinformatics Database Tools and Computational Vaccinology

Severa advance bioinfomatics have been launched for a few years and these database
tools are valuable for vaccine modern constructions. Huge amounts of data are produced by
genomics and proteomics projects and large-scale screening of pathogen-host and antigen-
host interactions. For vaccine discomuch, one can "mine" the genomic sequence for potential
surface focus using various algorithms, characterize these gene focus, and produce primers
for cloning, al before one enters the wet laboratory [70]. Both, predictions and the
interpretation of experiments rely on existing information in the literature which is mostly
manually extracted [71]. These can be addressed well by quantitative experimental and
theoretical biophysical techniques, and particularly by methods from drug design [72].
Databases and data mining, the two principal weapons at the disposal of the in silico drug
search. Future modern construction will also include systemic models of drug and vaccine
responses [73]. The common in silico methods include databases, quantitative structure-
activity relationships, similarity searching, pharmacophores, homology models and other
molecular modeling, machine learning, data mining, network analysis tools and data analysis
tools that use a computer [74-79]. Such methods have seen frequent use in the discomuch and
optimization of novel molecules with affinity to a focus, the clarification of absorption,
distribution, metabolism, excretion and toxicity properties as well as physicochemical
characterization [74-79]. More details can be seen in the chapter of nanoinformatics. Jain said
that the nanotechnology can assist drug searching to reach the state of personalized medicine,
which implied magic bullet [80]. Morrow et al. said that site-specific focused drug delivery
and personalized medicine were just a few way of thoughts that were on the horizon [81]. In
conclusion, nanotechnology is proved to be much important for future personalized medicine
and systems biology [82,83]. Indeed, nanotechnology realizes the advantages of naturally
occurring biological macromolecules and their building-block nature for design [84].
Frequently, assembly originates with the choice of a good molecule that is synthetically
optimized towards the desired shape from the previously reported nanobio-design [84].
However, Tsai et a. proposed another aternative originating with a pre-specified
nanostructure shape, selecting candidate protein building blocks from a library and mapping
them onto the shape and, lastly, testing the stability of the construct [84].

NANOTECHNOLOGY AND DRUG DELIVERY

In addition to designing, drug delivery is another focus of interest [85-91]. Application of
nanotechnology for drug delivery is accepted in pharmacology. At present, nanoparticles are
considered to have the potential as novel intravascular or cellular probes for both diagnostic
(imaging) and therapeutic purposes (drug/gene delivery), which is expected to generate
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innovations and play a crucial role in medicine [87]. The application of nanotechnology on
drug delivery can be seen in four important areas as controlled release of drug, prolongation
of drug life-time, acceleration of drug absorption and drug focusing.

A. Controlled Release of Drug

To convey a sufficient dose of drug to the lesion, suitable carriers of drugs are
necessary [92]. Conventional dosage means, such as oral delivery or injection, are
the predominant routes for drug delivery [93]. The main drawbacks of these kinds of
dosages consist essentially in a limited control of the drug delivery rate and of the
focus area [93]. Nanoparticle carriers have important potential applications for the
administration of therapeutic molecules without the quoted problematic issue [92].
Nanoparticles are important controlled drug delivery devices [92].

B. Prolongation of Drug Life-Time

Prolongation of drug life-time is another application of nanomaterial in drug
delivery. For case study, the modification of drug with water soluble nanopolymer
can assist hold the drug in the vessel. Zhou et al. mentioned that biodegradable
colloidal nano-micelles was a novel focusing drug delivery and controlled release
system, which could prolong the biological half-life and lighten the toxicity of
chemotherapeutant, meanwhile, present fine biocompatibility [94]. In 2006, Pattani
et a. reported a work on modern construction and comparative anti-microbial
evaluation of lipid nanoparticles and nanoemulsion of Polymyxin B [95]. Pattani et
al. reported that the developed lipid nanoparticles and nanoemulsion were promising
delivery vectors for the anti-microbia drugs and lipid nanoparticles could give an
initial as well as sustained effect while the nanoemulsion was capable of exerting
potent effect for a shorter period of time [95]. In 2007, Liu et al. reported another
work on fate of unimers and micelles of a poly(ethylene glycol)-block-
poly(caprolactone) copolymer in mice following intravenous administration [96]. Liu
et al. reported that the hydrophobic and semi-crystalline nature of the poly(ethylene
glycol)-b-poly(caprolactone) core imparted a high degree of kinetic stability to this
micelle system [96]. In 2004, Li et al. done ancther interesting study to investigate
the preparation technique,shape characteristics, and drug releasing characteristics in
vivo of 5-FU loaded core-shell kind nanoparticles which were made by
biodegradable amphiphlic poly (ethylene glycol)-poly (gamma-benzyl-L-
glutamate)(PEG-PBLG) [97].

Li et a. found that the 5-FU/PEG-PBLG nano-micelles could change the
pharmacokinetics of 5-FU, prolonging the circulation time in vivo and mad a slow
release [97].

C. Acceleration of Drug Absorption

Nanoparticle can assist acceleration of drug absorption by decreasing biological
barriers of cells and tissues. Cevc said that colloids from an agueous suspension
could cross the skin barrier only through hydrophilic pathways [98]. Cevc also
proposed that various colloids had a different ability to do this by penetrating narrow
pores of fixed size in the skin, or the relevant nano-pores in barriers modeling the
skin [98]. Liposome is a broadly used nanoparticle for acceleration of drug
absorption. Fang said that classic liposomes were of little value as carriers for drug
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delivery by the skin because they did not penetrate it deeply [99]. Fang also
mentioned that only specially designed liposomes had been shown to be capable of
achieving increased delivery [99]. Basically, manipulation of the physical properties
of drug delivery system provides improved control over the pharmacokinetics and
pharmacodynamics of the encapsulated drugs relative to free drugs [100]. Liposomes
can act as sustained release delivery system and manipulation of properties such as,
liposome diameter, drug release rate, bioavailability and dosing schedule can
significantly impact the therapeutic outcome of the liposomal drugs [100].

D. Drug Focusing

Nanoparticle can assist drug focusing by drug focus recognition. Over the last
few years, nano-structures have been developed in order to improve the efficiency
and the specificity of drug action [101]. Their minuted size permits them to be
injected intravenously in order to reach focus tissues [101]. This application is
previously discussed in the way of thought of magic bulleting. It is broadly used for
anticancer drug. Selective delivery to solid tumor sites can be done by utilizing
increased permeability and retention effect of solid tumor sites [102]. Essential
factors of carriers systems based on this mechanism is size and chemical character of
carriers [102]. To design a favorable nanoparticle that is most suitable for drug
focusing, layer-by-layer assembly can be used as a versatile bottom-up
nanofabrication technique [103].

There are many nanomaterials that are presently adapted for drug delivery. However, the

most broadly used ones are aptamer, liposome and dendrimer.

A. Aptamer

Numerous nucleic acid ligands, also termed decoys or aptamers, have been
developed during the past 15 years that can prevent the activity of many pathogenic
proteins [104]. ptamers may prove vauable in the treatment of a broad variety of
human disorders, including infectious diseases, cancer, and cardiovascular disease.

Liposome

Liposome is an spherical shape nanopolymer and its main composition of
liposome is sugar and protein that can act as the receptor (more details can be seenin
another chapter on this book). The good characteristic of liposome can assist
accelerate of drug absorption as previously mentioned. In many cases liposomal
drugs are administered by the bloodstream [105]. The stability in the bloodstream,
clearance, and biodistribution are dependent on the composition, size, and charge of
the liposomes [105]. Rigid, minuted-size (100-200 nm) liposomes tend to be retained
in the blood without degradation [105]. There are many recent advent on liposome
technology. Long-circulating liposome is a good case study [105]. Three kinds of
functional long-circulating liposomes are avalable at present, namely,
thermosensitive liposomes for delivering macromolecules, pH-sensitive liposomes
for the cytosolic delivery of encapsulated materials, and reticuloendothelial system -
avoiding liposomes for the passive focusing to tumor tissues [106]. In addition, it has
become increasingly evident that tissues utilize specific localization of enzymes to
perform certain tasks, often associated with various kinds of tissue remodeling [107].
The ubiquitous presence of such enzymes, along with their specific localizations,
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provides an ideal opportunity to elicit specific delivery by an enzyme-triggered
mechanism [107].
C. Dendrimer
Dendriner is a synthesized nanopolymer with dendrogram, three-branched style,
structure (more details can be seen in another chapter on this book). Dendrimer can
significantly improve pharmacokinetic and pharmacodynamic properties of low
molecular weight and protein-based therapeutic agents [108]. Furthermore,
fluorescent antibodies and imaging contrast agents can be bound to these modern
polymers and the resulting complexes can be used for analyzing biological fluids and
for diagnosis [108].
D. Transfersome
Transfersomes (Idea AG) are aform of elastic or deformable vesicle, which were
first introduced in the early 1990s [109]. Elasticity can be generated by incorporation
of an edge activator in the lipid bilayer structure [109]. The main composition of
these vesicles is soya phosphatidyl choline incorporating sodium cholate and a
minuted concentration of ethanol [109]. Transfersomes can be adapted in a non-
occluded method to the skin and have been shown to permeate through the stratum
corneum lipid lamellar parts as a result of the hydration or osmotic force in the skin
[110].

NANOVACCINOLOGY

Similar to nanopharmacology, computer-aided methods are the basic choice to develop
the modern construction in nanovaccinology. Basically, vaccine modern construction
includes detecting the epitope of focused protein, modern construction of recombinant and
test for its efficacy. Routinely, this process originates from in vitro researches to in vivo
researches (from anima model to human clinical studies). In addition to the old-kindd
immunological technique, with advent in bioinformatics, modern construction of modern
cancer vaccine can be done by advanced in silico techniques. The important steps for vaccine
modern construction will be further explained and discussed.

A. Detecting epitope

To find a peptide candidate for a vaccine, the originating point is to find proper
epitpes. Different practical methods for epitope mapping are available at present
[111]. It should be noted that synthetic peptide vaccines aiming at the induction of a
protective response against malignant diseases are broadly tested but despite their
success in animal models they do not yet live up to their promise in humans [112].
Mapping for probable epitopes reveals to be a hard step. The evidence accumulating
from many recent studies points to a broader range of focus recognized than
previously expected, in terms of both numbers and characteristics of the focused
antigens [113]. Also, multiple studies report a substantial variation in the focused
recognized in different human individuals [113]. To solve the problematic issue of
heterogenicity, many modern computational tools are developed for detecting of
probable candidate vaccine epitopes. Prediction of both T cell and B cell epitopes for
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further cancer vaccine modern construction can be easily done. Nanoinformatics can
assist these processes.
B. Modern construction of modern vaccine recombinant
Modern construction of modern vaccine recombinant from alternative epitope is
the next step. This can be done based on rule of artificial genetic recombinant. To
develop modern genetic recombinant, advanced gene delivery and transfer technique
can be used. Of severa techniques, gene transfer by virus or transfection in the most
broadly used. The nanoparticle can assist gene delivery.
C. Testing for modern vaccine efficacy
Testing for modern vaccine efficacy is the final step of vaccine modern
construction. This can be done as the reported process in the heading of research into
cancer vaccine. Clinical tests should be done before real expansion of the modern
vaccine. In order to reduce the long step of clinical test, the application of advanced
medical informatics technology, gene ontology [114], can assist predict the function
or phenotypic expression of modern devel oped vaccine.
D. Adaptation of the presented vaccine techniques by nanotechnology
In addition to searching and generation for modern vaccine, adaptation of the
presented vaccine techniques by nanotechnology can be done. The adaptation makes
use of nanoparticles mostly for delivery purposed.

ETHICAL ASPECT OF NANOTECHNOLOGY

A successful method for control of scientific technology is ethical control. It is accepted
that good ethical control stranded accompany scientific activity. Increasingly, risks from new
and emerging technologies are being controled at the international level, athough
governments and private experts are only beginning to consider the appropriate international
responses to nanotechnology [115]. There are many aspects of ethical concern on new
technology. Thefirst basic principleisthat it is necessary to until that the new technology isa
real good technology. This also implies that it is a safe technology and dies not have side
effects. This fact is once discussed in the environmental aspect of nanotechnology in the
previous part of this chapter. It should be noted that since the nanoparticles is still under
double-times for its safety and there is a possibility for its side effects, there is aneed to set a
street control program of the nanomaterial synthesized laboratory. The syntheses labiality
must be accredited and useful for the safety student, which unit includes physic bio-chemo
items. Concept of ethicsin laboratory medicine can be applied for nanotechnology [116-117].
The concept can also be adapted for nano-, bio-, info-, and cogno- convergence technologies
[118]. Sententia et al. proposed that scientists required analytical models that protect values
of personhood at the heart of a functional democracy-values that help, as much as possible,
for individual decision-making, despite transformations in understanding and ability to
manipulate cognitive processes [118]. Sententia et al. stated that addressing cognitive
enhancement from the legal and ethical notion of cognitive liberty could bring a powerful
tool for assessing and encouraging nano-hio-info-cogno developments [118]. It can be said
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that nanoethics is a new field of ethical inquiry [119]. The important topics on nanoethics
will be further detailed.
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A. Concern on nanotechnology research

Similar to any biomedical research, the main question for nanotechnology
research is “How should the dignity of people participating in nanomedicine research
trials be respected?‘. The two main portions to be considered is the protection of
individuals involving the the nanotechnology research. Protection of individuals
should be applied to both health care and medical research. The second concern ison
informed consent. This is the basic requirement in biomedical research. However, it
may be hard to provide proper information concerning a proposed nanotechnology
research because there is no confirmation on the safety of nanoparticles as previously
noted. Initiatives should be taken to enhance information exchange between research
ethics committees in different settings. Although there are many ways for applied
nanobiotechnology, health care considerations must be met first priority [120].
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Chapter 111

QUANTUM THERAPY AS WELL AS PHOTON
THERAPY

WHAT IS “QUANTUM”’?

Quantum is a physical term that implies the smallest discrete amount of some physical
property that a system can have. Quantum theory, the branch of physics which is based on
guantization, started in 1900 when Planck published his theory explaining the emission
spectrum of black bodies [1-3]. The bippoasesic of radiation as well as matter is the heart of
the quantum theory. In physics, quantum mechanics is the learning of the relationship
between energy or radiation as well as matter, in particular that between valence shell
electrons as well as photons. Bohr’'s theory is the root for the generation of the present
guantum physics [4-5]. Bohr's atomic theory is broadly viewed as remarkable, both for its
accuracy in predicting the observed optical transitions of one-electron atoms as well as for its
failure to fully correspond with current electronic structure theory [6]. However, what is not
routinely appreciated is that Bohr's classical semiclassical conception differed significantly
from the Bohr-Sommerfeld theory as well as offers an dternative semiclassical
approximation scheme with remarkable attributes [6]. It is routinely believed that the old
guantum theory, as presented by Bohr in 1913, fails when adapted to few electron systems,
such as the H(2) molecule [7]. Bohr's classical method did not impose action quantization
constraints but rather obtained these as predictions by simply matching photon as well as
classical orbital frequencies [6]. The discovery of the efficacy-quantum by Planck as well as
further work of Borh was the fundamental contributing root to Einstein's hypothesis of
lightquanta [8]. With the mentioned fundamental theories, Einstein could explain the external
light-electrical effect [8]. The work of Einstein is the root of the modern ppoasese of science.
As a case study, there was a long track from the concept of stimulated emission as the
fundamental idea of laser technical work by Albert Einstein in 1917 to the practical use of the
laser ar present [9]. It is also the fundamental for the modern science, quantum mechanics.
Quantum mechanics is a fundamental branch of physics with wide applications in both
experimental as well as theoretical physics [10-13]. The quantum theory is the theoretical
basis of modern physics that can be valuable in explaining the nature as well as behavior of
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matter as well as energy on the atomic as well as subatomic level. Conrad said that biological
cells had greater information processing efficiency than the programmable computers used to
model them [12]. Conrad also suggested that systems in which quantum features played a
prominent work are more powerful than classical physical-dynamical analogs[12].

Quantum medicine is the modern kind of medicine. Naturally, al things, chemicals,
plants, animas as well as human beings are composed of various tissues, organs, cells,
molecules, as well as atoms. The combinations of atoms lead to molecules. The combinations
of molecules lead to cells. The combinations of cells results in tissues. The combinations of
tissues lead to organs. The combinations of organs lead to human beings. Fundamentally, an
atom consists of electron as well as nuclei which intern quantum as well as neutron. Electron
poses negative charge, proton poses positive charge as well as neutron poses neutral charge.
Normally human beings cannot see the atom. In addition, the compositions of atom are
beyond human reach. But according to the modern elementary particle theory, elementary
particle is considered to have immense size as well as types, as well as it poases property as
energy field which rotates as well as vibrates itself. With the advent in nanoscience, those
very tiny compositions can be studied.

Quantum determination method is the determination technique, which tests the energy
composed of magnetic energy generated by quantum as well as electron movement.
Improvements in quantum chemical techniques have led to increased applications to
biological problems, including the generation of potential energy functions for molecular
mechanics as well as modeling of the reactive chemistry in enzyme active sites, with
particularly interesting progress being constructed for metal-containing systems [13]. The
three items to be considered in quantum determination method are (a) use of quantum
mechanical electronic structure techniques such as molecular orbital theory as well as density
functional theory, usualy in conjunction with molecular mechanics; (b) treating vibrational
motions quantum mechanically, either in an instantaneous harmonic approximation, or by
path integrals, or by a three-dimensional wave function coupled to classical nuclear maotion;
(c) incorporation of multidimensional tunneling approximations into reaction rate
calculations [14]. Orbital theory is the fundamental knowledge for quantum chemistry.
Molecular orbital analytica work is the fundamental technique for study of quantum
mechanical electronic structure. To assist molecular orbital analytical work, there are severad
modern computation instruments for performing this analytical aim. As a case study, AOMix
isamodern user-friendly software for the molecular orbital analytical work [15]. It calculates
the molecular orbital compositions in terms of the constituent chemical parts in the molecule
or atom [15]. AOMix automatically processes output files of multiple quantum-chemical
packages [15]. AOMix also permits to deeply review chemical structure making use of
overlap populations (total as well as per molecular orbital), valence indices, 2-center (Mayer,
Lowdin, Wiberg, as well as bond-order symmetry components) as well as 3- as well as 4-
center bond orders, charge decomposition orbital, CDA (total, per molecular orbital, per
symmetry type), as well as condensed Fukui functions[15]. Conventional quantum chemistry
techniques are either too expensive to apply to large systems or too approximate for the
results to be reliable, as well as they fail to satisfy this requirement [16]. A variety of
different approaches is being developed with the aim of achieving this goal: local correlation
techniques; divide-as well as-conquer techniques; linear-scaling density functional techniques
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based on the fast multiple as well as other approximations; effective potential techniques; as
well as hybrid techniques [16].

The influence as well as application of quantum determination on medical field is named
“quantum medicine’. Quantum medicine is one of the most promising tracks of modern
contemporary medicine [17-18]. It is based on the use of aimful effects of low-dosage
electromagnetic radiation or quantum in treatment, diagnosis, prophylaxis, as well as
rehabilitation of patients.

QUANTUM DIAGNOSIS: STAGE BEFORE TREATMENT

Application of quantum medicine diagnosis is a main focus. Thisis far away from basic
nanodiagnosis. Indeed, the genesis of nanotechnology leads to the promise of revolutionary
advances across medicine, communications, genomics and robotics [1]. Nanodiagnosis is a
diagnostic technique using nanoparticle. Nanomaterials and nanotechnology combined with
modern instrumentation have the potential to address this emerging technology. Using a
variety of nanomaterials for multiplex diagnostics and imaging applications will lead to
sensitive, rapid and cost-effective solutions for the modern clinical laboratory. Nanowire and
nanoporous approaches into genomics and proteomics could help increase the sensitivity and
accuracy of diagnostics and would shorten the time of diagnostic procedures that will further
improve the efficiency of medical treatment. Basically, different nanomaterials can be applied
for medical diagnostic usage. Among the different nanomaterials used to generate
nanoparticles, are organic polymers, co-polymers and metals. Some of these materials can
self assemble, and depending on the conditions under which the self-assembly process
occurs, a vast array of shapes can be generated. Quantum diagnosis is the next generation of
simple nanodiagnosis.

There are severa attempts to develop a modern diagnostic instrument at quantum level
[19-20]. Quantum diagnosis relies on energy as well as information parameters that
specificaly as well as depicts both the general state of the organism as well as its organs,
systems as well as interrelations. Determinations of relevant electric parameters at certain
points of the body surface permit to diagnose for a disease or to identify it at the early onset
stage with high accuracy. Determinations of those parameters are also assistable to define
predisposition of the patient to specific disease. In nanomedicine, a well-known diagnostic
instrument namely quantum dot is now available. Quantum dot is a synthesized nanopolymer
with semiconductor property. Quantum dot is a novel class of inorganic fluorophore which
are gaining widespread interest as a result of their exceptional photophysical properties.
Semiconductor quantum dots are inorganic nanoparticles with unique photophysical
properties [21]. In particular, their huge one- as well as two-photon absorption cross sections,
tunable emission bas well ass as well as excellent photobleaching resistances are stimulating
the generation of luminescent probes for biomedical imaging as well as sensing applications
[21]. With the nanoproperty of quantum dot, electron as well as energy transfer processes can
be designed to interprete the luminescence of semiconductor quantum dots in response to
molecular recognition events [21]. On the basis of these operating principles, the presence of
target analytes can be transduced into detectable luminescence signals. Quantum dot is
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broadly applicable for staining of living cells. The quantum dot is more stable than classical
fluorescence staining, which was accepted as one of the most promising cas well asidates for
chemical sensing [22]. At present, squantum dots have been increasingly employed in
measuring the dynamic behavior of biomacromolecules making use of fluorescence
correlation spectroscopy [23]. This leads to a challenge, because quantum dots display their
own dynamic behavior in the form of intermittent photoluminescence, also known as blinking
[23].

Bioconjugated nanoparticles as well as quantum dots are among the most exciting
nanomaterials with promising application potentials in nanomedicine field [24]. Although
most of these applications are based on the optical properties of nanoparticle materials such
as surface plasmon resonance, surface enhanced Raman scattering as well as strong
photoluminescence, other items of nanoparticles such as the catalytic effect as well as
amplification effect associated with the nanoscale dimension have also been explored [24]. In
addition to stas well asard quantum dot, now functional antibodies, antibodies that are
sterically available for functional binding to target proteins can be successfully conjugated to
semiconductor quantum dots [25]. This is a modern potential strategy for improving quantum
dot labeling of biological preparations [25]. However, Pathak et al. found that the number of
available functional antibodies varied significantly for different conjugation techniques as
well as were lower than previously estimated [26]. Pathak et al. said that these results might
suggest potential strategies for improving quantum dot labeling of biological preparations
[26].

In addition to antibody, conjugation can be constructed use of other substances. Another
broadly used substance is peptide. In 2005, Tomlinson et al. prepared peptide-quantum dot
conjugates by attaching angiotensin Il (Ang 1) to cadmium selenide/zinc sulfide core-shell
nanocrystals making use of an 1-[3-(Dimethyamino)propyl]-3-ethylcarbo diimide
hydrochloride (EDC) coupling [27]. According to this work, the Ang Il-quantum dot
conjugates did not bind to parental cells as well as showed similar staining patterns when
compared with a commercially available conjugate [27]. Young as well as Rozengurt
demonstrated that quantum dot-ANG Il was brighter as well as more photostable than agonist
labeled with the organic dye Cy3 [28]. Young as well as Rozengurt demonstrated that
guantum dot technical work could be adapted to monitor ligas well as binding to G protein-
coupled receptors [28]. In 2007, Tsay et al. reported the study on singlet oxygen production
by peptide-coated quantum dot-photosensitizer conjugates [29]. Tsay et a. found that the
conjugate could be simultaneously used for fluorescence imaging as well as singlet oxygen
generation [29]. In addition, singlet oxygen quantum yields as high as 0.31 were achieved
making use of 532-nm excitation wavelengths [29].

Quantum dot can also be adapted for imaging [30]. The modern generations of quantum
dots have far-reaching potential for the study of intracellular processes at the single-molecule
level, high-resolution cellular imaging, long-term in vivo observation of cell trafficking,
tumor targeting, as well as diagnostics [31]. Quantum dots are emerging as a superior
aternative as well as are poised to change the world of bio-imaging as well as further its
applications in fundamental as well as adapted biology [31-35]. Jaiswal as well as Simon said
that the improved synthesis of water-stable quantum dots, the generation of approaches to
label cells efficiently with quantum dots, as well as improvements in conjugating quantum
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dots to specific biological molecules had triggered the recent explosion in their use in
biological imaging [36]. Jaiswal as well as Simon also noted that although there had been
several successes in making use of quantum dots for biological applications, limitations
remained that required solution before these powerful instruments could be used routinely by
biologists [36].

QUANTUM TREATMENT

Quantum treatment is a treatment based on quantum [37-38]. Quantum treatment recruits
natural, environment like factors of electromagnetic exposure that poases beneficial effects
on cells, organs as well as system of the organism. It is accepted that low level of energy used
in quantum medicine is absolutely harmless. The treatment reserves existing anomalous
process, disease, to stability as well as health. This is because quantum treatment activates
latent reserves of the organism adaptation both at the cellular level as well as whole biologic
system, strongly enhancing immunity as well as mobilizing the organism for active resistance
to functional disorder. Quantum medicine isincreasingly adapted in treatment for all fields of
medicine. It is broadly used in cases of cancer, radiation sickness, cardiovascular diseases,
locomotors diseases, infantile cerebral palsy, urolithiasis, bronchial asthma, alopecia,
enuresis as well as infertility. Optical quantum generators or laser is the best example of
guantum treatment. The optical quantum generators are valuable in orthopedics/
traumatology, genecology, urology, sports medicine, dermatology, dentistry, surgery,
neurology as well as rheumatology [39-45]. Indeed, the quantum therapy poases a long
history. The classical well-known therapy is the phototherapy in infantile hyperbilirubinemia
[46]. In phototherapy, the structural photoisomerization is routinely assumed to represent the
main route of bilirubin elimination [47]. As a consequence, the determination of the spectral
bas well as that optimizes the process of formation of lumirubin in neonate may represent an
important step in the improvement of the clinical protocol of phototherapy [47]. The laser
therapy is another classical treatment as previously mentioned. Not only the treatment by the
classical quantum medical instrument. The drug treatment for general diseases also base on
the principle of quantum change.

Based on advent of nanobiotechnical work, quantum dot can aso be adapted for quantum
treatment. At present, the photophysics of singlet oxygen generation in relation to quantum
dot-based energy transfer is broadly discussed as well as the possibility of making use of
guantum dots as photosensitizer in photodynamic therapy is broadly assessed, including their
current limitations to applications in biological systems [48-49]. Fundamentaly,
photodynamic therapy is an emerging treatment modality for a range of disease classes, both
cancerous as well as noncancerous [51]. This work brought about an active pursuit of modern
photodynamic therapy agents that can be optimized for the unique set of photophysical
characteristics that are required for a successful clinical agent [50-51]. Hsieh et al. reported
the success in design as well as synthesis of Ir-complex functionalized CdSe/ZnS quantum
dots, in which the QD played a key work in imaging, while the Ir-complex acted as a
sensitizer to produce singlet oxygen for photodynamic therapy aim [52].
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Table 1. Important reports on photon therapy
Authors Details
Nadig et al. [57] Nadig et al. reported on useful ness of 99mT c-pertechnetate single-photon emission computed

tomography in remnant mass estimation of postsurgical patients of differentiated thyroid cancer
during internal dosimetry [57].

Boogers et al. [58]

Boogers et al. reported on myocardial perfusion single photon emission computed tomography
for the assessment of mechanical dyssynchrony [58].

Trimble et al. [59]

Trimble et al. reported on the role of myocardial perfusion imaging to evaluate patients for
cardiac resynchronization therapy [59].

Nguyen et al. [60]

Nguyen et al. reported on proton-beam versus intensity-modul ated radiation therapy for treatment
of prostate cancer [60]. Nguyen et a. concluded that supported the use of protonsin prostate
cancer [60]

Suit et al. [61] Suit et al. proposed that the rationale for the proposals that prior to awider use of proton
radiation therapy should be supported by data from phase I11 clinical trials[61]. Suit et al.
concluded that proton therapy provided superior distributions of low LET radiation dose relative
to that by photon therapy for treatment of alarge proportion of tumor or normal tissue situations
[61].

Schneider et al. Schneider et a. reported on effect of proton radiotherapy on secondary cancer incidence [62].

[62] They concluded that 6-MV photons provided only a moderate risk [62].

Konski et al. [63] Konski et al. studied if proton beam therapy was cost effective in the treatment of
adenocarcinoma of the prostate [63]. Konski et a. concluded that proton beam therapy was not
cost effective for most patients with prostate cancer [63].

Mock et al. [64] Mock et a. studied on comparative treatment planning on localized prostate carcinoma conformal
photon- versus proton-based radiotherapy [64]. According to thiswork, Mock et a. concluded
that the advantageous dose distribution of proton-beam therapy for prostate cancer might result in
decreased side effects, which needs to be confirmed in clinical studies [64].

Weber et al. [65] Weber et a. reported that reducing the size of the proton pencil beam by using the mini-beam
mode improved the dose homogeneity, but this did not have a significant effect on the dose
conformity [65].

Delaney [66] Del aney reported that proton radiation therapy brought several potential treatment advantages to
patients that could be studied in the setting of clinical trials and the patients' willingness to enter
these clinical trials was a so quite high [66].

Fontenot et al. Fontenot et al. reported that proton therapy decreased the integral therapeutic dose required for

[67] local control in prostate patients compared to intensity-modul ated radiotherapy [67].

Cellaet al. [68] Cellaet a. performed a study to assess the potential benefit of intensity modulated proton beams
in optimizing the dose distribution to safely escalate the tumor dose in prostate cancer
radiotherapy [68]. Cellaet al. concluded that proton therapy could be an interesting alternative
[68].

Weber et al. [69] Weber et a. reported on the possibility of using radiation therapy planning with photons and
protons for early and advanced breast cancer [69].

Goitein and Goitein and Jermann studied on the relative costs of proton and X-ray radiation therapy [70].

Jermann [70] Goitein and Jermann concluded that proton beam therapy was clinically worthwhile is a cost-
effectivenesstrack [70].

Paganetti et al. Paganetti et al. reported on relative biological effectiveness (RBE) values for proton beam

[71] therapy [71]. Paganetti et al. concluded that there was a clear requirement for prospective
assessments of normal tissue reactions in proton irradiated patients and [71].

Weber et al. [72] Weber et a. found that the use of linear accelerator-based stereotactic radiotherapy photon

techniques, compared with protons, can result in similar levels of dose conformation [72].
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In addition to therapy, quantum prophylaxis can also be performed based on the
techniques of quantum therapy. For instance, prophylaxis of disease relapses in periodica
exacerbation requires quantum treatment at early stage of an epidemic. There are also some
interesting reports on application of quantum dot in vaccinology. Upadhyay investigated how
mild local hyperthermia could be used for transdermal-immunization [53]. Upadhyay said
that hyperthermia enhanced transdermal-immunization procedure was likely to have higher
compliance as it did not cause any pain or visible damage to the skin [53]. Quantum
rehabilitation also makes use of quantum therapy techniques. The use of quantum medicine
technologies can assist fasten patient rehabilitation period after complex operations, radiation
nor chemical exposures. The most broadly use quantum rehabilitation is for cardiological
problem [54-55]. The quantum gravitational therapy is the broadly mentioned method. This
technique is a complex therapy of myocarditis of rheumatic as well as non-rheumatic genesis
making use of intravascular laser irradiation of blood, quercitrol, as well as enterosgel poases
an antiinflammatory, antioxidant action, improves myocardial contractility, endowed with an
antiaggregatory activity [54]. This technique is confirmed for its effectiveness in
rehabilitation in myositis.his technique is confirmed for its effectiveness in rehabilitation in
myositis. Nevertheless, Hossu as well as Rupert said that biophoton emission was a quantum
event presented by a relatively stable but ultralow- rate emission of visible photons from
living organisms as well as it poases been associated with high energy processes such as cell
metabolism, growth, phagocytosis, neural activity, as well as oxidative stressive attack [56].
Hossu as well as Rupert concluded that biophoton intensity was a noninvasive indicator of
the health of the human body as well as is significantly altered in different tracks by
chiropractic interventions [56].

PHOTON THERAPY

By definition, photon therapy is the treatment based on photon. The photon or positive
electron is afocused interest in this modern kind of treatment. Thisis also strongly related to
guantum therapy. However, most classica applications are used for diagnosis. New
generation moves to the test for cancer treatment. Mainly focused cancerous tumor is prostate
cancer in males. The details of important reports on photon therapy will be presented in Table
1
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Chapter IV

T1SSUE ENGINEERING AND MEDICAL
B1OPOLYMER APPLICATION

APPLICATION OF ENGINEERING IN BIOLOGY

Engineering is a specific science that focuses mainly on the physical aspect. There are
man fields of engineering at present. For example, electrical engineering is a specific branch
of engineering dealing with electricity. However, due to the concept of convergence of
science, engineering becomes emerged with biological science. Application of engineering in
biological science helps jump across the inter-science barrier and brings new advent to the
world population. For example, merging between computational engineering and genetics
biology brings new science called genomics [1-3], which is the modern blooming science at
present. Nanoengineering plus medicine forms nanomedicine which is another present new
hope of the world for global health development.

Application of engineering on biology helps explain and manipulate difficult biological
guestion. This can be applied in medicine, which is a branch of biological science. Special
forms of medical applications can be seen. One of the most famous application is medical
engineering. This involves medical instrumentation as well as other applied engineering for
medicine. As mentioned, the usefulness of application of engineering in medicine is very
much. It helps from diagnosis, treatment and prevention. In this book, the author focuses
content on treatment, therefore, treatment will be focused and applied engineering for
treatment in medicine will be mentioned. An important therapeutic application is tissue
engineering and medical biopolymer science. The application is useful for reconstructive
medicine. Specifically, medical biopolymers are presently used in dentistry and orthopedics.
With these applications, it can help manage previously untreatable diseases and conditions.
Further details will be further discussed.
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CONCEPT OF RECONSTRUCTION AND REGENERATIVE
MEDICINE

Reconstruction [4-16] and regenerative medicine [17-24] are specific medical sciences
for repairing. Theoretically, a thing needs repairing if it is out of used or impaired. This
concept is basic fundamental rule in engineering and can be applied in medicine. Destruction
to human beings, at any parts, can be expected and seen in daily life. In nature, catabolismis
a kind of metabolism focusing on destruction biomolecules in vivo or destruction.
Impairment is the thing that anyone cannot avoid. However, the problem will be existence if
there is an excessive destruction. Anatomical disturbance is mainly problematic. This can be
due to several insults (physical, chemical and biological types). as a concept, such anatomical
destruction might result from rooted underlying, which might start at molecular level as in
some inherited gene mutated related disorder or directly occurs at gross level such as
accidental injury.

When there is an anatomica defect, loss of function cannot be avoided. It is hard to
retain normal physiology if there is an anatomical defect. In medicine, treatment for
anatomical defect is required. The first aid to limit destruction is necessary. This form can be
easily explained in case of first aid for accidental injury. The first aid aims mainly t save life.
The second aim is limitation of destruction. in acute phase, limitation of destruction is
necessary because it can be a tertiary prevention, limitation of possible disability
consequences. After succeed in acute destruction control, further medical management should
be planned.

In the past, severe anatomical usually brought disability. The main practice to cope with
this problem is rehabilitation. Rehabilitation is an old medical sceicne. This focuses on
recovery of lost function by several means. Physical therapy by physiatist is generally
practiced in hospital settings. However, this is the specific tertiary prevention using limiting
the loss of organ function due to disability. It does not focus on direct repairing for lost
anatomical parts.

To repair lost anatomical part is of interest. With concept of medical regeneration in
some lizards, the similar phenomenon is the hope of many physicians coping with this
problem. The new medical science, regenerative medicine, is developed. This focuses on
regeneration after anatomical loss. There are many reports focusing on regenerative medicine
especially for the neurological impairment. The details will be further discussed in the next
topic in this chapter. Accompanied with regenerative medicine, reconstructive medicine is
aso developed. Reconstructive medicine focuses on rearrangment of structure to reuse
instead of the lost parts. There are many kinds of present reconstructive surgeries. For
example, facia reconstructive surgery is used for some specific facial anomaly especially for
frontoethmoidal encephalomeningocele. However, in some cases, reconstructive surgery is
used for non therapeutic purpose. The good example is the penile reconstruction or vaginal
reconstuction surgeries for leshians and gays.
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Table 1. Someimportant reportson reconstructive medicine

Authors

Details

Galich et dl. [25]

Galich et al. analyzed on the results of reconstructive surgery in 19 patients, suffering vascular
malformation of the head region [25].

Ozkan and Ozkan [26]

Ozkan and Ozkan reported on the prefabricated pedicled anterolateral thigh flap for reconstruction
of afull-thickness defect of the urethra[26].

Vendemiaet a. [27]

Vendemiael reported on nipple areolareconstruction by new surgical technique [27].

Avraham et d. [28]

Avraham et a. reported on microsurgical breast reconstruction [28].

Kanchwalaand Bucky
[29]

Kanchwala and Bucky reported on optimizing pedicled transverse rectus abdominis muscle flap
breast reconstruction [29].

Mesbahi et al. [30]

Mesbahi et a. reported on breast reconstruction with prosthetic implants [30].

Uedaet al. [31] Uedaet a. reported on functional reconstruction of the upper and lower lips and commissure with a
forearm flap combined with afree gracilis muscle transfer [31].
Smit et al. [32] Smit et al. reported on post operative monitoring of microvascular breast reconstructions using the

implantable Cook-Swartz doppler system [32].

Nishida and Shimamura
[33]

Nishida and Shimamura studied on methods of reconstruction for bone defect after tumor excision
[33]. Nishida and Shimamura concluded that although each technique had its proper advantages
and disadvantages, the clinical results were similar to the allograft, and numerous techniques were
available as reasonable aternatives for alografts [33].

Seyhan [34]

Seyhan reported on reverse thenar perforator flap for volar hand reconstruction [34].

Salgarello et al. [35]

Sagarello et a. reported on the use of asilicone nipple shield as protective devicein nipple
reconstruction.

Linetal. [36]

Lin et a. reported on a new three-dimensional imaging device in facia aesthetic and reconstructive
surgery [36].

Stuehmer et a. [37]

Stuehmer et al. reported on intraoperative navigation assisted reconstruction of a maxillo-facial
gunshot wound [37]. Stuehmer et al. said that the favorable outcome brought surgeons to
recommend the technique of merging comparable CT data for reconstructive planning of bilateral
mid-facial fractures[37].

Valentini et . [38]

Valentini et al. reported diabetes as main risk factor in head and neck reconstructive surgery with
free flaps[38].

Egeland et al. [39]

Egeland et al. described the basic principals of facia burn care in the pediatric burn population,
with a specific focus on lower-eyelid burn ectropion and oral commissure burn scar contracture
leading to microstomia[39].

Orug et al. [40]

Orug et al. reported on pulley reconstruction with different materials [40].

Eoeta. [4]

Eo et a. reported on the versatility of the dorsalis pedis compound free flap in hand reconstruction
[41].

Kryger et al. [42]

Kryger et a. reported on decreased postoperative pain, narcotic, and antiemetic use after breast
reduction using alocal anesthetic pain pump [42].

Ibrahim and Salem [43]

Ibrahim and Salem reported on the use of a staged Nagata technique for ear reconstruction in
burned ears [43].

Villaret et dl. [44]

Villaret et a. reported on quality of lifein patients treated for cancer of the oral cavity requiring
reconstruction [44]. Villaret et a. found that reconstructive techniques played a crucid rolein
maintenance of satisfactory quality of life[44].

Isik et a. [45] Isik et a. reported on nasa reconstruction in a patient with prolidase deficiency syndrome[45].

Gevorgyan and Gevorgyan and Enepekides reported on the utility of microvascular anastomotic devicesin head
Enepekides [46] and neck reconstruction [46].

Rad et a. [47] Rad et a. reported on free DIEP and SIEA breast reconstruction to internal mammary intercostal

perforating vessels with arterial microanastomosis using a mechanical coupling device [47].

Nicoletti et d. [48]

Nicoletti et al. reported on a case of bioengineered skin for aesthetic reconstruction of the tip of the
nose[48].

Livaoglu et a. [49]

Livaoglu et al. reported on reconstruction of full-thickness nasal defect by free anterolateral thigh
flap [49)].
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SOME IMPORTANT REPORTS ON RECONSTRUCTIVE AND

REGENERATIVE MEDICINE

A. Some Important Reports on Reconstructive Medicine

There are many reports on reconstructive medicine. Some reported papers will be
detailed in Table 1.

B. Some Important Reports on Regenerative Medicine

There are also many reports on regenerative medicine. Some reported reports will be
detailed in Table 2.

It can be seen that there are variety of attempt to use of regenerative treatment.

The common focus is on dentistry, cardiology and neurology. The main tool is stem cell.
More details on stem cell can be read in another chapter in this book.

WHY ANATOMICAL LOST NEEDS THERAPY?

"Why anatomical lost needs therapy"? is the main question to understand before study on
tissue engineering. The answer to this question can be

a)

b)

d)

Lost of parts means lost or not complete. Function of any parts of human body will
be full if it is complete. It is assumed in general that anatomical lost is not equal to
functional lost. Functional lost of some organs such as liver and kidney might not be
problematic if such lost is not extensive. However, overt anatomical lost is usualy
problematic and causes functional lost.

Lost of parts might bring to more lost. Learning from the case of a building, if there
is adefect in its basement or pillar, the collapse of overall building can be expected.
This is the same. Loss of some parts of human beings, especially for weight bearing
parts can bring the excessive weight stress as a physical insult to other parts and will
bring further destruction and finally resultsin lost.

Treatment of lost is fit to the concept of clinical rehabilitation practice. Treatment
can be helpful astertiary prevention for extensive disability.

In some cases, lost means ugly appearance. This is a big psychological effect to
mind. In cosmetic medicine, treatment for anatomical lost is the core. The important
affected parts to be concerned are the face, tooth and limbs.

In the past, treatment for anatomical lost might be done but not specific. Application of
prosthesis can be used but it is not as good as real parts. There are several attemptsto find a
better alternative and this leads to the emerging of tissue engineering.
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Table 2. Someimportant reportson regenerative medicine

Authors

Details

Nishikii et al. [50]

Nishikii et a. found that etalloproteinase regulation improvesin vitro generation of
efficacious platelets from mouse embryonic stem cells[50].

Datal and Lee [51]

Datal and Lee reported on treatment of burn injury by cellular repair [51].

Y amahara and Nagaya Y amahara and Nagaya reported on stem cell implantation for myocardial disorders [52].
[52]
Jubel et al. [53] Jubel et al. reported on transplantation of de novo scaffold-free cartilage implantsinto

sheep knee chondral defects[53].

Nieponice et al. [54]

Nieponice et al. reported on an extracellular matrix scaffold for esophageal stricture
prevention after circumferential EMR [54].

Toyodaet al. [55]

Toyoda et a. reported on myogenic transdifferentiation of menstrual blood-derived cells
[55].

Jentsch and Purschwitz
[56]

Jentsch and Purschwitz performed aclinical study evaluating the treatment of supra-
aveolar-type defects with access flap surgery with and without an enamel matrix protein
derivative [56].

Rov6 and Gratwohl [57]

Rov6 and Gratwohl reported on plasticity after allogeneic hematopoietic stem cell
transplantation [57]. Rov6 and Gratwohl metanalyzed on the published data on non-
hematopoietic chimerism, donor cell contribution to tissue repair, the controversies
related to the methods used to detect donor-derived non-hematopoietic cells and the
functional impact of this phenomenon in diverse specific target tissues and organsin this
work [57].

Trope [58]

Trope studied on regenerative potential of dental pulp [58].

L6pez Moratalla[59]

Lopez Moratalla discussed on ethics for regenerative therapy [59]. Lopez Moratallasaid
that it was an ethical commitment of the scientific community to give serious and precise
information about the advances, problems and solutions involved an regenerative
treatment [59].

Romanos and Nentwig
[60]

Romanos and Nentwig reported on regenerative therapy of deep peri-implant infrabony
defects after CO2 laser implant surface decontamination [60].

Connonly [61]

Connonly et al. reported on cavernous nerve regeneration using acellular nerve grafts
[61].

Levey et al. [62] Levy et a. reported on regenerative effect of neural-induced human mesenchymal
stromal cellsin rat models of Parkinson's disease [62].

van Larr and van Laar and Tyndall reported on cellular therapy of systemic sclerosis [63]. van Laar

Tyndall [63] and Tyndall proposed that therapies involving mesenchymal stromal cells had to be
studied in clinical settings because of their anti-inflammatory and tissue regenerative
properties and their favorable risk/benefit ratio [63].

Atouri et al. [64] Atouri et al. reported on myocardial regenerative treatment [64]. Atouri et al. reported

that use of autologous donor cells was more preferred to avoid immune rejection [64].

van Vliet et al. [65]

van Vliet et al. reported that progenitor cellsisolated from the human heart was a
potential cell source for regenerative therapy [65]. van Vliet et a. said that human
cardiomyocyte pogenitors which were localiszd within the atria, atrioventricular region,
and epicardia layer of the oetal and adult human heart were the good tool for
regenerative therapy [65].

TISSUE ENGINEERING

Tissue engineering is amedical science manipulating with tissue [66-68]. The main areas
of tissue engineering are for treatment of anatomical lost. The tissue engineering makes used
of cell regeneration plus biomaterial application. The concept can be easily explained as the
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application of cement on the wire for building up a building. This is probable but there are
till some problems to be mentioned as will be further detailed. The conditions to be fulfilled
are

a) The repair is for the anatomical lost that has functional problem (as previously
mentioned).

b) Thereisaneedtorepair.

c) Preparation of the site is necessary.

d) In repairing there should be core structure. This usualy makes use of special
biomolecules. Similar to construction of a building, there must be a core as steal for
cement attachment.

There are brief steps that seem easy but very difficult in real practice. There are many
problems of tissue engineering. How to succeed in taking care of the graft to survive is the
big problem. It should be noted that cell is aliving thing, not cement, needs proper condition
to maintain viability. Usually cell death after engraftment is due to poor oxygenation, which
might relate to poor designing of biomaterial cores. The proper ratio needs further researches
to explain. Bonfield said that the particular requirements of tissue-engineering scaffolds with
respect to macro- and micro-porosity, as well as chemistry must be focused in designing [68].
Bonfield noted that the subsequent integration and longevity of the implanted device was
based on the effectiveness of the associated biological repair [68]. However, using a concept
of nanomedicine, good biomedical core must have intermolecular space that allows cell
attachment and perfusion of necessary substances for cellular metabolisms especially oxygen
for cell viahility.

There are also many reports on tissue engineering. Some reported reports will be detailed
inTable 3.

MEDICAL BIOPOLYMER APPLICATION

Application of polymer science in medicine is acceptable for its usefulness. With advent
on polymer science, there are many new adapted polymers for medical usage. Indeed, this
field was well developed in dentistry. There are many biomaterials in presently used.
However, the next generation is the application for tissue engineering and regenerative
medicine. Important examples will be hereby presented.

o Atelocollagen

Atelocollagen is accepted as a potential carrier of therapeutics [79]. Basically,
collagen is abundant and makes up about 25% of the total protein in animal
organisms [79]. Atelecollagen is a mgjor product of the digestion of collagen typel,
which was used for the first time in tissue engineering aready in the 1970s [79].
Atelocollagen is accepted in medical science an optimal vehicle to transport
medication which may be used in vivo with very limited risk [79].

e Elastin

Elastic is another important structural protein. Daamen et al. noted that elastin
could be applied in biomaterials in several forms, including insoluble elastin fibres,
hydrolysed soluble elastin, recombinant tropoelastin, repeats of synthetic peptide
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sequences and as block copolymers of elastin, possibly in combination with other
biopolymers [80].
e Hyaluronic acid
Hyaluronic acid is a natural biopolymer with a broad range of biomedical and
industrial applications [81]. In clinical medicine, it can be used in certain
ophthamological and otologica surgeries and cosmetic regeneration and
reconstruction of soft tissue [81].

Table 3. Someimportant reports on tissue engineering

Authors

Details

Yamzon et a. [69]

Yamzon et al. reported on current status of tissue engineering in pediatric urology [69]. Y amzon
et al. said that clinical trials might lead to transforming reconstructive surgery as well as current
surgical practicein patients with neurogenic bladders and urinary incontinence [69].

Yamamiyaet al.
[70]

Yamamiyaet a. reported on tissue-engineered cultured periosteum used with platelet-rich
plasma and hydroxyapatite in treating human osseous defects [70]. Y amamiyaet al. reported
that treatment with a combination of human cultured periosteum sheets, platelet-rich plasma,
and porous hydroxyapatite led to a significantly more favorable clinical improvement in
infrabony periodontal defects[70].

Vavken et a. [71]

Vavken et al. reported on tissue engineering in orthopaedic surgery [71]. Vavken et al. found
that autologous chondrocyte transplantation was an expensive and complex procedure [71]. In
addition, in direct comparison with alternative treatments autol ogous chondrocyte
transplantation produces could yield at least as good in the short-term, and most likely better in
the long-term due to the high quality repairing [71].

Jawad et al. [72] Jawad et al. reviewed on myocardial tissue engineering [72]. Jawad et al. proposed that many
different cell typesincluding include both autologous and embryonic stem cells could be used
for cell therapy and myocardial tissue engineering [72].

Mohammadi et al. Mohammadi et a. reported on culture of human gingival fibroblasts on a biodegradable scaffold

[73] and evaluation of its effect on attached gingival [73]. Mohammadi et al. concluded that the
tissue-engineered mucosal graft was safe and capable of generating keratinized tissue [73].

Liueta.[74] Liu et a. reported on optimal combination of soluble factors for tissue engineering of

permanent cartilage from cultured human chondrocytes [74]. Liu et a. concluded that bone
morphogenetic protein-2 and insulin plus triiodothyronine was the optimal combination to
regenerate aclinically practical permanent cartilage from autologous chondrocytes [74].

Hollander et al. [75]

Hollander et al. reported on maturation of tissue engineered cartilage implanted in injured and
osteoarthritic human knees [75]. Hollander et al. concluded that cartilage injuries could be
effectively repaired using tissue engineering, and osteoarthritis could not inhibit the
regeneration process [75].

Ferrari et al. [76] Ferrari et al. reviewed on gene therapy in combination with tissue engineering to treat
epidermolysis bullosa[76].
Giraud et al. [77] Giraud et al. engineered a biodegradable skeletal muscle graft (ESMG) tissue and investigated

its functional effect after implantation on the epicardium of an infarcted heart segment [77].
Giraud et al. found that it was probabl e to improve systolic heart function following myocardial
infarction through implantation of differentiated muscle fibers seeded on a gel-type scaffold
despite alow rate of survival [77].

Ndreu et al. [78]

Ndreu et al. reported on electrospun biodegradabl e nanofibrous mats for tissue engineering [78].
Ndrue et a. concluded that scaffolds prepared by electrospinning had high potential for usein
further studies leading to bone tissue engineering applications [78].
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Chapter V

TRANSPLANTATION IN MEDICINE

TRANSPLANTATION: WHAT IS IT?

When an organ lost, it is necessary to get medical management. Organ lost usually means
lost of function. In severe case, organ lost ends up with death. There is no method to recover
in the past and this has been continuously searched for the solution. Transplantation is a new
concept using the replacement of the lost organs by the new ones. New ones means new
organ from the others. Therefore, it means transferring of one's organ to another. This is
ethical concern and new concept in medicine. Indeed, organ transplantation has long history.
More than 50 years are recorded [1-3]. Learning of history of transplantation is necessary to
alow us to appreciate the great potential offered by current biomedical science and
engineering for future developments in the therapies of this more than natural practice [2-3].
At present, embryonic stem cells are used in the studies of the differentiation of various cells
or tissues for transplantation therapy, because of their pluripotential property to differentiate
into almost al types of cellsin the body [1].

BEFORE TRANSPLANTATION

Transplantation should be set as the final choice of treatment. Indeed, transplantation is
usually indicated if there is no other choice of treatment. It is usually decided in cases of end
stage of disease such as kidney failure. Transplantation is a high cost treatment and
complicated. It required a good inclusion of patients. There must be a good system to include
or select the patient for transplantation. It is needed to classify whether a case is proper for
transplantation or not. This must rely on many factors. Expectation of succeed should be the
main factor for making decision. Because transplantation also seems high risk and this
usually brings death to the patient earlier than without transplantation condition. After good
preparation, a patient will be finalized for appropriateness for transplantation.

Another fact to be concerned is how to find organ for transplantation. Organ donation is
the accepted way. However, other ways such as selling and stealing are possible but these
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methods should be and must be banned. Organ donation center can be seen in many big
cities. Many organ centers cannot get sufficient amount of donated organs. How to cope with
this problem is needed. In general, the basic organ donation is eye donation for corneal
transplantation. The other organs can be sporadically donated. A closed related donation to
organ donation is cadaver donation for medical education. This is done in some specific
countries such as Thailand but is not permitted in many Islamic countries. This can be
another source of organ donation. It should be noted for some fact from donation center.
There are some believes that can prevent donation. There are also some conditions that
prevent donation. Thos condition were well described the report by Agthong and Wiwanitkit
[4]. The HIV seropositive is an important condition prevention donation or usage of donated
organ for further transplantation [5]. Screening for infectious disease especialy viral borne
diseases should be done for al donors [6]. Some important reports on infectious diseases
transmitted by organ transplantation will be presented and discussed in Table 1.

To help reader more appreciate on this topic, the author hereby focuses on a very specific
situation Pseudallescheria boydii brain abscess. systemic scedosporiasis due to the anamorph
or asexual form Pseudallescheria boydii (Scedosporium apiospermum) has become an
important cause of opportunistic mycosis, especially in patients undergoing high-risk
hematopoietic stem cell transplantation [21]. It can be mistaken, histologically, for
Aspergillus Spp. However, P. boydii is clinically distinguished by resistance to most
antifungal's and its ability to cause invasive mycoses in immunocompetent patients. There are
at least 26 reported cases of P. boydii brain abscesses from 1965 to 2007 with only four
survivors. The last caseisin Thailand: a famous singer got this infection, still in the hospital,
and becomes a well-known topic for the genera population as well as the most famous
infected case [22]. From the literatures, there are two groups of patients, @) the
immunocompromised subjects, especially for those who got transplantation and b) the
immunocompetent subjects with the history of near drowning. Most cases usually developed
CNS symptoms gradually as the nature of CNS fungal infection [23-24]. The recent widely
used antifungal, which mentioned for effective therapeutic effect, is voriconazole [23]. Due
to the widely practiced transplantation and the dirty contaminated water in the city drainage
at the present day, the risk of getting this infection might be higher than the past. The
awareness of this infection, which can lead to early diagnosis and prompt treatment, is
necessary.

In addition to screening for infectious agent, another basic screening is for matching
between donor and recipient. This is also similar to basic cross matching used in classical
transfusion medicine. However, the screening for transplantation is more complex. Thereis a
specific set of laboratory investigation for matching test in transplantation medicine. An
interesting example of laboratory investigation is human leukocyte antigen (HLA) typing
[25]. Thisisroutinely indicated for all cases aiming at organ transplantation procedure. Little
said that there were a number of different approaches that could be made in order to achieve
HLA type depending on the number of samples being processed, the level of resolution to be
achieved, and the cost of providing the various tests [25]. The World Marrow Donor
Association recently proposed guidelines for establishing the extent and quality of
histocompatibility testing for unrelated donor registries, umbilical cord blood banks, and
transplant centers involved in international exchange of hematopoietic stem cells for
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allogeneic transplantation and this guideline is presently acceptable in transplant medicine
[26]. According to this guideline, quality assurance and quality control for HLA testing, and
congtruction for the format of the HLA database of donor types are also necessary for
accreditation [26].

Table 1. Someinteresting reports on infectious disease transmitted by organ
transplantation

Authors Details
CDC[7] USA CDC reported on transplantation-transmitted tuberculosis [6]. USA CDC noted that
organ recovery personnel should consider risk factors for TB when assessing al organ
donors to reduce the risk for tubercuol osis transmission associated with organ
transplantation [7].
Hassan et d. [8] Hassan et al. reported on infectious disease risk factors of corneal graft donors [8]. Hassan
et a. said that corneal grafts with eye tissue obtained from donors dying in the hospital or
with cancer might have an increased risk of postsurgical endophtha mitis, possibly due to
donor-to-host microbial transmission [8]. Hassan noted that improvementsin
microbiological control could decrease infection associated with corneal transplant [8].
Palacioset d. [9] Palacios et al. reported on arenavirus transmitted through solid-organ transplantation [9].
They reported on three cases receiving visceral-organ transplants from a single donor on
the same day died of afebrileillness 4 to 6 weeks after transplantation [9].
Gajewskaet al. Gajewska et a. reported that the occurrence of HPV infections with pregnant renal
[20] transplant recipients in comparison with normal pregnancy was on similar level, however,
high percentage of HPV transmission from mother to neonate was obtained [10].

Kumar and Humar | Kumar and Humar reviewed on pandemic influenza and its implications for

[17] transplantation [11].

Zollner et al. [12] Z0ollner et a. reported on clinical reactivation after liver transplantation with an unusual
minor strain of hepatitis B virusin an occult carrier [12].

Camposet al. [13] | Camposet d. reported on bacterial and fungal pneumonias after lung transplantation.
Campos et a. found that bacterial and fungal infections were frequent and contribute to
higher mortality in lung transplant recipients and Pseudomonas aeruginosa was the most
frequent agent of respiratory infections [13].

Chrastinaet a. Chrastina et a. reported on cytomegalovirus (CMV) infection and CMV disease in kidney
[24] transplant recipients [14].

Mattner et al. [15] Mattner et al. reported on an adenovirus type F41 outbreak in a pediatric bone marrow
transplant unit [15]. Mattner et al. reported that adenovirus was identified in blood and
stool specimens from 6 children on a pediatric bone marrow transplant unit within 2
weeks in this epidemic [15].

Nordquist and Nordquist and Aronson reported on Pyogranulomatous cystitis associated with
Aronson [16] Toxoplasma gondii infection in a cat after renal transplantation [16].

Alkhunaizi et al. Alkhunaizi et a. reported on transfusion-transmitted malariain a kidney transplant
[27] recipient [17].

Schmoldt et al. Schmoldt et al. reported on molecular evidence of nosocomial Pneumocystis jirovecii
[18] transmission among 16 patients after kidney transplantation [18].

Yilmaz et a. [19] Yilmaz et a. reported on Burkitt's lymphoma following a pediatric liver transplantation
[19].

Waldman and Waldman and Kopp reported on Parvovirus-B19-associated complicationsin renal
Kopp [20] transplant recipients [20].
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There are also other sets of laboratory investigation in transplantation medicine. Because
organ transplantation recipient must rely on immunosuppressive drug for life long after
transplantation they are accepted as immunocompromised subjects. A test for any possible
problematic opportunistic infection is needed. These usually included Chest X ray, tuberculin
test, sputum examination, stool examination and CMV antibody test. Important reports on
opportunistic infections after organ transplantation are aready summarized and presented in
Table 1. From Table 1, the readers can see that there are several problems that can be seen
after organ transplantation. This verifies the necessity of previously mentioned concept to
weight between risk and benefit of transplantation for each case before real transplantation.

ORGAN TRANSPLANTATION
A. Heart Transplantation

Table 2. Someinteresting reports on heart transplantation

Authors Details
Lehmkuhl et d. [37] Lehmkuhl et al. reported on enteric-coated mycophenolate-sodium usage in heart
transplantation [37]. Lehmkuhl et al. concluded that this administration was useful [37].

Quartaet al. [38] Quarta et al. reported on safety and efficacy of ezetimibe with low doses of simvastatin
in heart transplant recipients [38].
Potenaet al. [39] Potena et a. reported on long-term effect of folic acid therapy in heart transplant

recipients [39]. Potena et al. concluded that it was proper to apply folate therapy to
heart transplant recipients and it was feasible that properties other than homocysteine
reduction might provide antitumoral benefits [39].

Singh et a. [40] Singh et al. reported on treatment of recurrent chest pain in a heart transplant recipient
using spina cord stimulation [40].

Letsaset al. [41] Letsas et al. reported on catheter ablation of recipient-to-donor atrioatrial conduction
with wenckebach-like phenomenon after orthotopic heart transplantation [41].

Lacy et d. [42] Lacy et a. reported on autologous stem cell transplant after heart transplant for light
chain amyloid cardiomyopathy [42].

Marelli et a. [43] Marelli et a. reported on long-term outcomes of heart transplantation in older

recipients [43]. Marelli et al. reported that the increased risk of renal failure and
malignancy among elderly patients influenced the survival rate [43].

Heart transplantation is an organ transplantation at the early phase [27]. Beginning with
an isolated heart transplant performed as a technical exercise in 1905, slowly accumulated
experimental efforts provided answers to several queries involving technique, recipient and
graft protection, post-transplant function and immunology, and provided a foundation for
subsequent clinical applications [28-29]. Most notable is the Stanford team, organized by Dr.
Norman Shumway, who continued to transplant human hearts when other institutions had
abandoned hope and because of the commitment of that team, cardiac transplantation has
become successful [28-30]. The practice of pediatric heart transplantation was developed
later than the adult ones. Similar process has been passed for years [29]. Karpawich said that
as pacing techniques were used in younger patients, clinical improvements, comparable to
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older adult patients, even delaying heart transplant, might be anticipated [31]. Law said that
clinical cardiology needed further improvement to assess organ dysfunction and to correlate
these methods to early graft rejection, immunaobiological techniques [32]. Another interesting
situation is the heart transplantation in human immunodeficiency virus (HIV) infected cases
[33]. Thisis till controversy [33-36]. Gupta et al. reported on a long-term follow-up of a
heart transplant recipient with documented seroconversion to HIV-positive status 1 year after
transplant and confirmed the high possibility for succeed in this practice [36].

Table 3. Someinteresting reports on lung transplantation

Authors Details
Sweet et a. [46] Sweet et a. reported a study on lung transplantation and survival in children with
cystic fibrosis [46]. Sweet et a. concluded that this procedure was still controversy
[46].
Venkateswaran et . Venkateswaran et a. reported that early donor management increased the retrieval
[47] rate of lungs for transplantation [47].
Liuo et al. [48] Liuo et a. reported on lung transplantation and survival in children with cystic

fibrosis[48]. Liuo et a. concluded that prolongation of life by lung transplantation
could not be expected in children with cystic fibrosis [48].

Reamset al. [49] Reams et al. reported on alemtuzumab in the treatment of refractory acute rejection
and bronchioalitis obliterans syndrome after human lung transplantation [49].
Hachem et al. [50] Hachem et al. reported on arandomized controlled tria of tacrolimus versus

cyclosporine after lung transplantation [50]. Hachem et al. concluded that
tacrolimus was associated with alower burden of acute rejection and lymphocytic
bronchitis than cyclosporine after lung transplantation [50].

Morton et al. [51] Morton et al. reported on succeed in lung transplantation for adolescentsin their
setting [51].
Striber et a. [52] Striiber et a. reported on effects of exogenous surfactant instillation in clinical lung

transplantation from a prospective, randomized trial [52]. Striber et a. concluded
that a protective effect of exogenous surfactant instillation to donor lungs before
retrieval on post-lung transplantation surfactant function and on early clinical
outcome could be determined [52].

Davenport et al. [53] Davenport et al. reported on nrespiratory-related evoked potential elicited in
tracheostomised lung transplant patients [53].

Bharat et al. [54] Bharat et a. reported on the detection that CD4+25+ regulatory T cellslimit Thl-
autoimmunity by inducing IL-10 producing T cells following human lung
transplantation [54].

Canaleset a. [55] Canales et al. reported on Predictors of chronic kidney disease in long-term

survivors of lung and heart-lung transplantation [55].

B. Lung Transplantation

Heart transplantation is another organ transplantation at the early phase [44]. The
beginning of lung transplantation rolls back to the 1940's when the Soviet Vladimir P.
Demikhov performed the first lung transplants in animals [44]. Two decades later, James
Hardy performed the first lung transplant in humans but it was failed [44]. Due to better
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surgery and medical technique at present, lung transplantation becomes easier and widely
practiced for the patients with end stage lung diseases [45].

C. Kidney Transplantation

Kidney transplantation is another organ transplantation widely performed at present. This

kind of transplantation has a long history for more than 40 years [56-58]. Kidney
transplantation is indicated in end stage renal failure case. Indeed, the most present widely
used means for treat the end stage renal failure is the dialysis. However, this does not bring
curative outcome. Kidney transplantation is the new alternative with alot of hope.

Table 4. Someinteresting reports on kidney transplantation

Authors

Details

Lueta. [59]

Lu et al. reported on kidney injury in transplantation-associated thrombotic
microangiopathy [59].

Fontanaet al. [60]

Fontana et al. reported on renal transplant compartment syndrome [60].

Catenaet al. [61]

Catenaet a. reported on gastrointestinal perforations following kidney transplantation
[61].

Colluraet a. [62]

Colluraet al. reported on arterial changesin children undergoing renal transplantation
[62].

Santangelo et al. Santangelo et al. reported on in situ elongation patch in right kidney transplantation [63].
[63]
Bertelli et al. [64] Bertellie et al. studied on double kidney transplantation from multicenters [64]. Bertelli

et al. concluded that double kidney transplantation was a safe approach for organ
shortage [64].

Ferraresso et al.
[695]

Ferraresso et al. reported on experience on kidney transplantation for childhood [65].
Ferraresso et a. concluded that long-term survivors of akidney transplant received
during childhood reached a high degree of rehabilitation despite along period of
immunosuppression [65].

ITham et al. [66]

Ilham et al. reported on clinical significance of a positive flow crossmatch on the
outcomes of cadaveric rena transplants [66]. Ilham et al. concluded that positive T-cell
and B-cell FCXM transplant with a negative CDC-XM was associated with a higher
incidence of rejection [66].

D. Liver Transplantation

Liver transplantation is another organ transplantation widely performed at present. Liver
transplantation is indicated in end stage liver failure case. Liver transplantation is the new
aternative with alot of hope although the outcome is not favorable at present.
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Table 5. Someinteresting reportson liver transplantation

Authors Details

Jiang et . [67] Jiang et al. reported on arcuate ligament syndrome inducing hepatic artery
thrombosis after liver transplantation [67].

Jiang et d. [68] Jiang et al. reported on effect of perioperative fluid therapy on early phase prognosis
after liver transplantation [68].

Hori et al. [69] Hori et al. reported on assessment of cardiac output in liver transplantation recipients
[69].

Luetd.[70] Lu et a. reported on evaluation of the effect of lamivudine therapy preoperative to

prevent hepatitis B virus recurrence after liver transplantation [70].

Y eh and Olthoff [71] Y eh and Olthoff reported on live donor adult liver transplantation [71]. Y eh and
Olthoff said that increasing the number of living-donor liver transplants would assist
us to expedite transplant, prevent death, and possibly save more lives by expanding
the criteriafor transplant [71].

MoyaHerrdizeta.[72] | MoyaHerréiz et a. reported on liver transplantation in patients with benign hepatic

lesions[72].

Perkins [73] Perkins et a. reported on sinusoidal obstructive syndrome, which was arare and
stressful indication for liver transplantation [73].

Rossi et a. [74] Rossi et a. reported on combined liver-kidney transplantation in polycystic disease
[74].

AFTER TRANSPLANTATION

After transplantation, the patient should be closed monitored. The opportunistic infection
due to the immunosuppresive status of the patients receiving immunosuppressive drug
administration should be focused. The survival rates of different kinds of transplantation are
different. This cannot be easily expected. in addition to physical status, psychological aspect
of the patient after transplantation needs concern. Psychological support is needed. The
family approach to verify if the patient has good quality of life within the family after
transplantation is recommended and very helpful. The cause of death for any cases after
transplantation might be due to graft rejection. However, this is usualy controllable by the
use of good immunosuppressive drug. The other condition to be mentioned is graft versus
host (GVD) [75-77]. GVD is aserious condition and should be carefully managed. Early sign
as skin manifestation can be observed [75-77]. If GVD is suspected, prompt treatment with
daclizumab and intravenous corticosteroids should be given and the patient might survive
without evidence of systemic GVH [7§].
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Chapter VI

ADVENT IN RADIOTHERAPY,
RADIOINTERVENTION AND RADIOSURGERY

INTRODUCTION TO RADIOLOGY

Radioactive substance is classified as a new group of elements that human beings knew
for about 1 century. After the discovery of Curie Family [1-4], radioactive substance becomes
on focused interested of global scientist. There are many researches on radioactive substance.
Application of radioactive substance for usage is continuously proposed. At present,
radioactive substances can be used in industry as well as medicine. The main focus of
radioactive use in medicine is for treatment of tumor. Also it is applied for diagnosis as
radioassay.

Parallel to radioactive substance, rays are also focused for its application in medicine.
After the discovery of X-ray [5-8], the application in medicine is a big jump of medical
world. With use of X-ray, physician can visualize the internal structure of human being and
used it for diagnosis. This is the history of development of a famous medical science,
radiology. At present, radiology is a necessary medical science that helps both diagnose and
treat of patients. Radiology unit is a basic unit for al hospital. Basically, three basic main
branches of radiology are described as radiodiagnosis, radiotherapy and nuclear medicine.
Radiodiagnosis focuses mainly on diagnosis of disorders by usage of severa means of
imaging technology in medicine. Radiotherapy focuses mainly on treatment and will be
mainly detailed and discussed in this chapter. Finally, nuclear medicine focuses mainly on
both diagnosis and treatment based on usage of radioactive substances. Important details of
nuclear medicine based treatment will also be detailed and discussed in this chapter.
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Table 1. Three basic radioactive emitted rays

Rays Details
apharay It is proved to be the nucleus of Helium and has mass about 4 U. Its electrical power is
equal to + 2e and has power equal to 4 MeV. It has low penetrating activity.

betaray Its electrical property is equal to -1e and has mass about electron. The power is equal
t0 0.025 - 3.5 MeV.
gammaray It iselectrical neutral and accepted as an el ectromagnetic wave. The power is equal to

0.04 - 3.2 MeV and has the strongest penetrating power comparing to other two
previously mentioned rays.

RADIOTHERAPY

Radiotherapy is a specific application of radiology for treatment of disorder. This focuses
mainly on application or rays and radioactive substances for treatment. To applied
radiotherapy to patients, there can be three common practices:

a) Classical Radiotherapy

This makes used of rays, which are mainly X-ray and gamma ray emitted from Cobalt 60,
for treatment of disorders. This is broadly used in present medicine. Several cancers are
subjected to be treated with radiotherapy. For example, nasopharyngeal carcinoma, an
Ebstien-Barr virus related cancer, is subjected to treat by classical radiotherapy or irradiation.
Radiotherapy can be used alone or as combination or adjuvant to other therapy such as
chemotherapy. Some important aspects on classical radiotherapy for several important
cancers will be herby presented in Table 2.

It should be noted that the important complications of classical radiotherapy is the
destructive of nearby non-defected part of the patients. This usually makes suffering to the
patients and prevents the good correspondence to the classical radiotherapy treatment. Taking
special care to the nearby tissue for the patients receiving the classical radiotherapy is
therefore an important supportive and symptomatic treatment issue for this group of patients.

b) Brachytherapy

Brachytherapy is another common mode of radiothreapy. This makes use of radioactive
element insertion or implantation next to the tumor. It bases on the fact that radioactive
element will emit rays that can treat or kill the uncontrolled growth parts of tumor. The most
famous usage of brachytherapy isfor treatment of cervical cancer. Some important reports on
brachytherapy will be presented in Table 3.
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Table 2. Important reports on cancer treatment by classical radiother apy

Authors

Details

Braendengen et
a.[9]

Braendengen et al. reported on randomized phase 111 study comparing preoperative
radiotherapy with chemoradiotherapy in nonresectable rectal cancer [9].
Braendengen et al. concluded that chemoradiotherapy improved local control, time to
treatment failure, and cancer-specific survival compared with radiotherapy alonein
patients with nonresectable rectal cancer [9].

Constantineet | Constantine et al. reported on feasibility of accelerated whole-breast radiation in the

a. [10] treatment of patients with ductal carcinomain situ of the breast [10]. Constantine et
a. demonstrated the feasibility of treating the whole breast for ductal carcinomain
situ with a hypofractionated regimen, with modest acute and | ate toxicity in this
paper [10].

Tsubokura et Tsubokuraet al. reported on radiotherapy hypofractionation in early breast cancer

al.[11] [11].

Ganswindt et Ganswindt et al. reported on adjuvant radiotherapy for patients with locally advanced

a. [12] prostate cancer [12]. Ganswindt et al. said that this modality resulted in significant
improved biochemical progression-free survival and local control [12].

Berk [13] Berk reported on radiation therapy as primary and adjuvant treatment for local and
regional melanoma[13]

Sanfilippo et Sanfilippo et a. reported on phase I/11 study of biweekly paclitaxel and radiation in

a. [14] androgen-ablated locally advanced prostate cancer. [14].

Mufazalov et Mufazalov et al. reported on radiotherapy of malignant brain gliomas using

a. [15] teniposide [15].

Hughes et al. Hughes et al. published on the safety study of induction chemotherapy followed by

[16] synchronous radiotherapy and cetuximab in stage 111 non-small cell lung cancer [16].

Naito et al. [17] | Naito et al. reported on concurrent chemoradiotherapy with cisplatin and vinorelbine
for stage I1l non-small cell lung cancer [17].

Ku and llson Ku and Ilson reported on preoperative therapy in esophageal cancer [18].

(18]

Tsoutsou et al. | Tsoutsou et a. reported on hypofractionated

[19] [/accelerated radiotherapy with cytoprotection combined with vinorelbine and
liposomal doxorubicin for locally advanced non-small cell lung cancer [19].

Boroneet al. Borone et a. reported on induction chemotherapy followed by concurrent

[20] chemoradiotherapy in advanced head and neck squamous cell carcinoma[20].

Y okoyama et Y okoyama et al. reported on a phase Il multicenter trial of concurrent

a. [21] chemoradiotherapy with weekly nedaplatin in advanced uterine cervical carcinoma
[21]

FitzGerald et FitzGerald et al. reported on processes for quality improvementsin radiation

a. [22] oncology clinical trials[22].

Brizel et al. Brizel et al. reported on Phase 11 study of palifermin and concurrent chemoradiation

[23] in head and neck squamous cell carcinoma [23].

Socinski et al. Socinski et a. reported on randomized phase |1 tria of induction chemotherapy

[24] followed by concurrent chemotherapy and dose-escal ated thoracic conformal
radiotherapy in stage 111 non-small-cell lung cancer [24].

deVreezeeta. | deVreezeet d. reported that effectiveness of radiotherapy in myxoid sarcomas was

[29]

associated with a dense vascular pattern [25].
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Table 3. Important reports on brachytherapy
Authors Details
Janaki et a. [26] Janaki et al. reported on epidural analgesia during brachytherapy for cervical cancer
patients [26].
Papagelopouloset | Papagelopoulos et a. reported on free vascul arised tissue transfer and
a. [27] brachytherapy for soft-tissue sarcomas of the extremities [27].
Sedda et a. [28] Sedda et al. reported on dermatological high-dose-rate brachytherapy for the

treatment of basal and squamous cell carcinoma [28].

Miuraet a. [29]

Miuraet a. reported on radiation pneumonitis caused by a migrated brachytherapy
seed lodged in the lung [29].

Potter et . [30]

Potter et a. discussed on present status and future of high-precision image guided
adaptive brachytherapy for cervix carcinoma[30]. Potter et al. noted that this
technique provided avery high local control rate with minor treatment related
morbidity [30].

Raisdli et a. [31]

Raisali et al. reported on Monte Carlo and experimental characterization of the first
AMIRS (103)Pd brachytherapy source [31].

Roessler et a. [32]

Roesdler et al. reported on naesthesia for brachytherapy [32]. Roesder et a. noted
that anaesthesiologists played an important role in the ongoing challenge to provide
safe and pain-free conditions for an optimum brachytherapy treatment effect [32].

Engleet al. [33]

Engle et al. reported on effect of laparoscopic guidance on gynecologic interstitial
brachytherapy [33].

Mehdizadeh et &l.
(34]

Mehdizadeh et al. reported on alpha particle vascular brachytherapy in the
treatment of in-stent Restenosis [34].

Semrau et al. [35]

Semrau et al. reported on successful treatment of field cancerization of the scalp by
surface mould brachytherapy [35].

Wojcik et al. [36]

Wojcik et al. reported on enhanced level of micronuclei in peripheral blood
lymphocytes of patients treated for restenosis with (32)P endovascular
brachytherapy [33].However, Wojcik et al. noted that although brachytherapy of
restenosis with (32)P led to weak enhancement of the micronucleus frequency in
lymphocytes, the effect was not seen in all patients [36].

Fabrini et . [37]

Fabrini et al. reported on high-dose-rate brachytherapy in alarge squamous cell
carcinoma of the hand [37].

Julow et al. [38]

Julow et al. reported on prediction of volumetric change in the "triple ring" caused
by glioma-125 brachytherapy [38].

Ritter [39]

Ritter reported on body mass index and prostate-specific antigen failure following
brachytherapy for localized prostate cancer [39].

Similar to classical radiotherapy, destructive of nearby non-defected part of the patients
also brings suffering to the patients and prevents the good correspondence to the
brachytherapy. Supportive and symptomatic treatment issue for this group of patients are also
necessary.

¢) Radioactive Substance Ingestion

This is specifically used in nuclear medicine for treatment of thyroid disorder. Specific
radioactive element, lodine 131, which has the half life equal to 8 days, is used. Thistopicis
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well described in thyroidology. This application is used mainly for any hyperthyroidism cases
that are not response to basic medical therapy. Some important reports on radioactive
substance ingestion for treatment will be listed in Table 4.

Table 4. Someimportant reportson radioactive substance ingestion for treatment

Authors Details

Zhao et a. [40] Zhao et al. reported on Inhibitory effects of immunotargeting of Chinese cobra
cytotoxin and iodine-131 against nasopharyngeal carcinoma cellsin vitro [40].

Sanyal et al. [41] Sanyal et a. reported on use of methotrexate to treat isolated Graves
ophthalmopathy developing years after thyroidectomy and iodine 131 treatment of
papillary thyroid cancer [41].

Gars et a. [42] Garsi et a. reported on therapeutic administration of 1311 for differentiated thyroid
cancer [42].

Rajendran et al. Rajendran et al. reported on myel oablative 1311-tositumomab radioimmunotherapy

(43]

in treating non-Hodgkin's lymphoma [43]. Rajendran et al. concluded that dosimetry
based on whole-body retention might underestimate the organ doses, and a
preferable approach was to assess organ-specific doses by accounting for actual
radionuclide biodistribution [43].

Maenpéa et al. [44]

Méaenpéa et al. reported that 3700 MBq activity was note more effective for ablation
of the thyroid remnant than 1100 MBq activity amd the 3700 MBq activity was also
associated with more adverse effects [44]

Schaefer-Cutillo
and Friedberg [45]

Schaefer-Cutillo and Friedberg reported on non-myel oabl ative radioimmunotherapy
based on lodine 131-tositumomab and ibritumomab tiuxetan,
radioimmunoconjugates targeting the CD20 antigen for non-Hodgkin's lymphoma
[45].

Lau and Lai [46]

Lau and Lai reported on treatment of unresectable hepatocellular carcinoma with
transarterial radioembolization using iodine-131-lipiodol [46].

Kimet al. [47]

Kim et a. reported for limited cytoprotective effects of amifostine in high-dose
radioactive iodine 131-treated well-differentiated thyroid cancer patients [47].

deKraker et a. [48]

de Kraker et a. reported on |odine-131-metai odobenzylguanidine asinitial induction
therapy in stage 4 neuroblastoma patients over 1 year of age [48].

Nwosu et a. [49]

Nwosu et al. reported on results from assessment of the efficacy and toxicity of
(131)1-metai odobenzylguanidine therapy for metastatic neuroendocrine tumors [49].
Nwosu et a. concluded that (131)I- metaiodobenzylguanidine could improve
symptoms in more than half of the patients with metastatic neuroendocrine tumours
and survival was increased in those patients who reported a symptomatic response to
therapy [49].

RADIOINTERVENTION

Radiointervention is a new applied radiology. It should be noted that the access to some
specific parts of human body seems difficult such as intra-arterial or intravenous sites. If
there is a specific problem or pathology related to these structures, it will be hard to treat.
However, with the concept of radiointervention, the treatment could be feasible. Intervention
makes use of probing to small hard-to-reach site. This can be applied in many aspects such as
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vascular surgery. There are many good examples of radiointervention such as embolectomy.
Embolectomy is the best example because it directly deals with the small portions within the
vessels. Important reports on application of radiointervention for treatment of hard-to-treat
condition are shown in Table 5.

Table 5. Examples of application of radiointervention for treatment in medicine

Authors Details
Jarabek et al. [50] Jarabek et al. reported on results of therapy of lower extremity ischemic
disease by angiosurgery and radiointervention methods [50].
Black et al. [51] Black et al. reported on contemporary results of angioplasty-based
infrainguinal percutaneous interventions [51].
Kuo et al. [52] Kuo et a. reported on catheter-directed embolectomy, fragmentation, and

thrombolysis for the treatment of massive pulmonary embolism after failure
of systemic thrombolysis [52].

Valpredaet al. [53] Valpredaet al. reported on stenting of transplant renal artery stenosis [53].

Giller et al. [54] Giller et a. discussed on multidisciplinary treatment of alarge cerebral dura
arteriovenous fistula using embolization, surgery, and radiosurgery [54].

Leeet d. [55] Leeet d. reported on long-term outcomes of endoluminal therapy for chronic
atherosclerotic occlusive mesenteric disease [55].

Mansour et a. [56] Mansour et al. reported on adiological central vein treatment in vascular
access [56).

Wang et d. [57] Wang et al. reported on endovascular treatment of giant intracranial

aneurysms with willis covered stents [57].

An interesting topic of radiointervention is that not any physician can perform this
procedure because it is hard and can pose a serious complication. Specific training course is
needed. As previously mentioned, the radiointervention procedure is usually for vascular
approach, therefore, this kind of treatment requires closed monitoring in specific ward. An
operative room with anesthetic function is needed. Briefly, the radiointervention procedure
starts with radiodiagnosis of problematic site with help of radiodiagnosis technique. After
getting the target, planning for appropriate approach is needed. The planning usually makes
use of basic knowledge on vascular anatomy of human beings. The most proper track for
approaching will be selected. Then it reaches the most important step, the real instrument
insertion or intervention. Insertion of interventive tool into the vascular canal must be gently
done. Closed monitoring during this process is required. Leakage can be possible at any
second and requires prompt correction if occurs. When the tool reaches the targeted site, the
final active (either embolization, removal, dilation or injection) will be done. Monitoring of
completeness of mission is necessary before removing out of the tool from the vascular canal.
Wound closing at the removal site is the latest step. Ward admitting for closed monitoring
after operation is suggested. Observation of bleeding at wound is needed. Also, observation
on the patients general condition as well as the possible complication is required. These post
operative managements should be set for at least one day period.
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Table 6. Someimportant publications on radiosurgery

Authors Details

Gersztenet a. | Gerszten et al. reported a study on radiosurgery for benign intradural spinal tumors

[58] [58]. Gerszten et al. found that single fraction radiosurgery was detected to be clinically
effective for the treatment of benign extramedullary spinal neoplasms [58].

Mathieu et al. Mathieu et al. reported on tumor bed radiosurgery after resection of cerebral metastases

[59] [59].
Fuller et a. reported on virtual HDR CyberKnife treatment for localized prostatic
carcinoma [60]. Fuller et al. found that constructing CyberKnife stereotactic body
radiotherapy plans that closely recapitulated HDR dosimetry and delivered the plans
noninvasively was feasible [60].

Kondziolka et Kondziolkaet al. reported radiosurgery as definitive management of intracranial

a. [61] meningiomas [61]. Kondziolka et a. concluded that Stereotactic radiosurgery provided
high rates of tumor growth control or regression in patients with benign meningiomas
with low risk [61].

Ryu et al. [62] Ryu et al. reported on pain control by image-guided radiosurgery for solitary spina
metastasis [62].

Franzin et al. Franzin et a. reported on neuroophthalmological evaluation after gamma knife surgery

[63] for cavernous sinus meningiomas [63]. Franzin et a. concluded that gamma knife
surgery was a safe and effective treatment for tumors located close to the optic
pathways [63].

Lekovic et al. Lekovic et al. reported that excellent control of pineal region brain tumors could be

[64] derived with gamma knife surgery when it was applied in conjunction with surgery,
conventional radiation therapy, or both [64].

Romanelli et Romanelli et al. reported on multicenter trial on CyberKnife surgery [65]. Romanell et

al. [65] a. concluded that CyberKnife brought high conformality and submillimetric accuracy
of frame-based systems combined with the possibility of delivering radiation in severa
sessions [65].

Li etal. [66] Li et al. reported on CyberKnife rhizotomy for facetogenic back pain [66]

Pusztaszeri et Pusztaszeri et a. reported on radiosurgery for trigeminal neuralgiausing a linear

a. [67] accelerator with BrainLab system [67].

Taschner et al. | Taschner et a. reported on gamma knife surgery for arteriovenous malformationsin the

[68] brain [68].

RADIOSURGERY

Radiosurgery is the modern application of radiology. In the past, surgery was based on
knife and other invasive tools. This was performed in limited specific operative room and
requires complete team for surgery. Also, it usually took time for each surgical procedure and
post operative following up. The smallest wound with the least pain is the present aim of
surgery. To reach this aim, there are several aternatives to classical surgery. Radiosurgery is
an alternative that helps physician to reach this concept. Radiosurgery makes use of ray for
surgical procedure. It can be said that ray is used as a knife. There are many new reports on
radiosurgery. A gamma knife is one of the most well-known radiosurgical tools. Thisis very
useful for neurosurgery. Surgical procedure for deep brain lesion is usualy hard and brings
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several complications, however, this can be controlled by radiosurgery. It can be easy thing
with help of gamma knife. The procedures cause small wounds, required short period of
surgical procedure and does not need long term post operative care. In addition, the
complication is not high. There are aso other applications on radiosurgery. The author
hereby will present some important published works on this topic (Table 6).

An interesting aspect of this specific new technique, radiosurgery, is the feasibility to
use. Thistechnigque is considered expensive athough it is highly effective. Cost effectiveness
of this technique of surgery might prevent some patients to reach. This can prevent its
usefulness. However, Cho et al. studied on socioeconomic costs of open surgery and gamma
knife radiosurgery for benign cranial base tumors and reported that Gamma knife
radiosurgery was an acceptable treatment the our patients because it reduced hospital stays
and workdays lost and decreased complications, mortality, socioeconomic loss, and achieve
better cost-effectiveness [69]. In addition, the affordability of different patients to this
technique differs. This can be a big barrier for equilibrium for treatment assessment of all
patients. How to cope with this problem is an important topic.

Another important fact that should be mentioned is the case of an actual evidence of
blood group change. This phenomenon is due to the transplantation. In real practice, isograft
is hardly available. Therefore, the change of some blood antigen corresponding to the new
engrafted marrow can be expected. Due to the recent advance on transplantation medicine
and stem cell research the change of blood group is possible [70-71]. The blood group as a
specific identification for an individual is therefore not atotally correct assumption.
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Chapter VII

STEM CELL THERAPY

BEGINNING OF LIFE [1-3]

"God made the sun. God made the moon. God made the star." These sentences are basic
principle for Christian. Living things in the worlds started for many million years ago.
Nobody can tell the exact starting point of time for life. Life is complex. Generation of living
thing is a very complicated process and no present high technology can work this. Natural
makes life. This can be said that god made life. Due to Buddhism, life can be generated if
there are fulfill criteria. as a) father and mother have sexual intercourse, b) the time is proper
and c) there must be specific superstitious spirit for this condition. This is the fact. There
must be gametes from both mother and father for fertilization. In human, beginning of new lie
iswidely studied. After fertilization, development process in utero is continuous. Embryonic
generation is a developmental process for al human beings. Everyone in this world had to
pass this step before birth. Further process as passing from embryo to fetus is the next step in
utero. Birth is the finalized process for in utero processes and this is the starting point of
human status.

Considering the embryonic period, the generation of cell and tissue is the main hallmark
activity. Of several processes, first sign of life, movement, can be seen at the third month
after fertilization. For cell and tissue growth, basic promoter as stem cell is required. Stem
cell is the basic cell generator of other cells and tissues. This is also the important step in
development for starting of complete life. Stem cell has its main function during in utero
period. However, some stem cell is still existed and functional in full term human life. This
can be seen in bone marrow, which is the source of generation of blood cell in circulation. It
is accepted that blood cell must be generated all times thorough the life of human beings.
Harvesting stem cell for medical use is the present focus. It can be important and applied for
treatment process of some previously untreatable diseases. Stem cell technology could also
be a significant helpful tool for an understanding on early human developmental process and
screening potential candidates for new drug search.
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Table 1. Summary on important steps of development in embryology

Period Details
Fertilization (day 0) Thisis the process that male gamete or spermatozoa penetrate into egg
or female gameteto internally fertilize. The fertilized egg will be
moved to implant into the internal wall of uterus.

9™ week after fertilization Some organ formations can be seen.

11" week after fertilization Shoulder can be visualized. Rib and spine formation from cartilage
can be observed.

12" week after fertilization Thefirst sign of life, moving, can be seen. After this stage, embryo

will be called fetus.

BAsiIc CONCEPTS OF STEM CELL THERAPY

Stem cell therapy is a new concept in medical science. This treatment concept is the use
of cell for cell therapy. Application of progenitor to specific defective part aiming at the
regenerative for treatment of specific pathological condition is the main concept of stem cell
therapy. This approach is a novel treatment and under trialed. Indeed, stem cell is known for
years. However, the introduction of stem cell therapy for treatment in medicine is a new
thing. Historically, classical approach to derive new human embryonic stem cell line includes
the harvest of the inner cell mass from a human embryo. However, this cannot avoid
destroying the embryo and raise the critical ethical issue. As previously mentioned, the first
sign of first begins at 12" week after fertilization and this is called embryo status [4-5]. There
should be a necessity to re-address the issue of when life begins and the dignity of human
embryos [4-5].

The other approach to derive a new human embryonic stem cell line is from somatic cell
nuclear transfer (SCNT) technique or cloning technique. This famous technique is firstly used
previously in reported on magic cloned Dolly sheep. This method was accepted be a good
potential candidate for providing patient-specific stem cell line that would be used for
transplantation without possible problem on rejection due to immune system [4-5].
Presenting, this approach has not been proved successful in human for many reasons. The
main ethical concern is that cloning brings several ethical problems. Who will be the mother
and father? Religiously, thisis also cross the acceptable principle. Cloning human for harvest
organ to treat the other is totally unacceptable. In addition to the somatic cell nuclear transfer
or cloning technique, a new mean that based on using donor nucleus for nuclear transfer has
been modified to prevent the implantation potential of the embryo created and this can
manage the ethical problem [4-5]. This is a present acceptable modification. Thisis also the
basement for concept of present stem cell therapy.

Briefly, the concept for each stem cell therapy can be as the followings:

a) Harvesting of Stem Cell
Harvesting of stem cell is the first step for collection of stem cell for further
medical usage. In adult, as previously mentioned, the most important source of stem
cell isthe borne marrow because stem cell is stem cell is still existed in bone marrow
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for generation of blood cell in blood circulation. Therefore, the basic medical
procedure for stem cell collection in adult is bone marrow aspiration. This should be
performed by well trained clinical pathologist or hematologist. The site for bone
marrow collection isiliac crest. Presently, there is another new way for collection of
stem cell. This makes use of cord blood and called cord blood stem cell collection.
This can be done without invasive procedure to the donor. This is mainly used in
many setting. More details on cord blood collection will be further described in this
chapter.
b) Storage of Stem Cell
Storage of stem cell is usually required because stem cell is usually not suddenly
used after stem cell collection. Therefore, there must be a process to prepare and
store stem cell for future usage. Before storage, stem cell must be typed by typing
technique for all basic parameters. It must also be cleaned. At present, there many
commercia stem cell storage center and stem cell bank.
¢) Usageof Stem Cell
Usage of stem cell is the final step. When it is indicated and there is no
contraindication for stem cell therapy, stem cell should be ordered from the bank for
usage. For using stem cell it must be well matched and prepared. Basicaly, it must
be conditioned and promoted for further development into target desired cells
specific for each treatment. This steps makes used of many advanced biotechnology
procedures. The success of any stem cell treatment is usually determined by this step.
As a conclusion, stem cell therapy has been accepted as an emerging technology that
could change the present approach toward curing many chronic disorders and degenerative
conditions. As previously mentioned, stem cell therapy can be applied for regenerative
medicine which is another promising area of medical therapy for the coming years. Cell and
tissue replacement therapy could be the final solution for present several incurable diseases.
However, stem cell therapy also brings up many controversial issues from the medical ethics.
Thiswill be further discussed in this article.
For example, there are many arguments on the

MEDICAL ETHICS FOR STEM CELL THERAPY

Because stem cell is a new technology it is afocused areain medical ethics.

It should be noted that justification to destroy one life, either an human embryo, to save
another life or candidate for stem cell therapy is a big question. This is a good ethical
dilemma scenario of the situation when science intersects with standard ethical principles.

The appropriate solution must be a mid way position that would support the advancement
of science for the benefit of human, while maintaining the ethics. This balance status would
be a key success for sustainable science and society development for real application of stem
cell technology. Kiatpongsan and Pruksananonda said that there were common concerns for
bioethics in stem cell technology as @). There must be a respect for human dignity, b) There
must be a respect for life that implied limiting growth of blastocyst to 12 weeks when a
primitive streak was formed, c) There must be an autonomy or informed consent from
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embryo donors, d) There must be a donor and recipient privacy and confidentiality, €) There
must be a non-commercializatio, f) There must be a limitation to research for therapeutic
purposes, g) There must be an ethics review before commencement of the research and h)
There must be a traceability of cell lines used in both research and clinical practice for safety
and quality assurance [6]. Some important reports on medical ethics for stem cell therapy will
belisted in Table 2.

Table 2. Someimportant reportson medical ethicsfor stem cell therapy

authors details
Baylisand McLeod [7] Baylis and McLeod put a debate on the buying and selling of eggs for stem
cell research [7]. Baylis and McLeod said that the focused debate was on the
topic thawomen should be paid afair wage for their reproductive labor or
tissues, while others argue against the further commodification of
reproductive labor and worry about voluntariness among potential egg donors

(7.
Daley et a. [8] Daley et a. proposed a guideline for human embryonic stem cell research [8].
Sadeghi [9] Sadeghi proposed on islamic perspectives on human cloning [9]. Sadeghi said

that human cloning for biomedical research and exploitation of stem cells
from cloned embryos at the blastocyst stage for therapeutic purposes might be

acceptable [9].
Outomuro [10] Outomuro discussed on moral dilemmas around a global human embryonic
stem cell bank [10].
Ecker and O'Rourke Ecker and O'Rourke noted that banking embryonic stem cells for solid organ
[17] transplantation was problematic and premature [11].

Ross and Philipson [12] | Ross and Philipson discussed on ethics of hematopoietic stem cell
transplantation in type 1 diabetes mellitus [12].

Silani and Cova[13] Silani and Cova discussed on ethics of stem cell therapy in multiple sclerosis
[23].

Bongaerts and Bongaerts and Severijnen discussed on oocyte donation for stem cell research

Severijnen [14] [14].

CoRrD BLOOD STEM CELL COLLECTION
A. General Introduction

After birth, once the child’s umbilical cord is clamped, a small volume of residual blood
remains in the umbilical cord [15]. This can be collected into a special blood bag and then
taken for further storage and processing [15]. As the collection of the umbilical cord blood
was performed after the baby’s birth, it does not affect the baby’s birth and also no harm is
caused to the baby or the mother [15-21]. An acceptable usage of cord blood is as an
aternative to bone marrow as a source of hematopoietic stem cells for allogeneic
transplantation to siblings or to unrelated recipients [22-23]. Any women can donate cord
blood for unrelated recipients to public cord blood banks [22-23]. However, the emerging



Stem Cell Therapy 87

medical ethics problem in cord blood collection is the issue of commercial cord blood
banking as previously mentioned [24-25]. According to the Working Group on Ethical |ssues
in Umbilical Cord Blood Banking, umbilical cord blood banking for autologous use related to
greater uncertainty than banking for allogeneic use, marketing practices for umbilical cord
blood banking in the private sector need close attention and the process of obtaining informed
consent for collection of umbilical cord blood had to be completed before labor and delivery
[25]. Allogeneic cord blood transplantations is used in the hematology and oncology area
[26]. Cord blood banks, either public or from non-profit corporations, can be seen in several
countries Umbilical cord blood can be collected and stored frozen for many years [22].

B. Cord Blood Collection Procedure

Cord blood collection should be performed within a total quality system and good
manufacturing practice facilities. Protocols should be set based upon risk assessment and cost
efficiency [27]. It is recommended that cord blood collection needed to be after the
permission for cord blood donation [28]. Surbek et al. reported a high acceptance of
umbilical cord blood donation for banking and stem cell transplantation purposes in pregnant
women without previous knowledge background [29]. As there are no major discrepancies
between women of different ethnic background, a high degree of diversity of HLA-types of
donated cord blood samples can be expected and may lead to the underrepresentation of
ethnic minorities in bone marrow donor records [29]. Danzer et al. reported a high degree of
satisfaction of unrelated umbilical cord blood donation for banking in women half a year
after delivery [30]. Despite awell-performed and detailed informed consent procedure, one of
the ongoing considerable aspects for the donators in cord blood banking are the concern
regarding of improper use of the cells, such as genetic laboratory testing [30]. Accurate and
detailed counseling of pregnant women and their partners therefore can increase the
likelihood that they will donate cord blood for unrelated banking.

For cord blood collection, there are at least 3 means: Method 1 = Hanging method after
delivering the placenta, Method 2 = Aspiration from in utero placenta, Method 3 = Aspiration
from in utero placenta and Syringe-assisted aspiration. Wacharaprechanont et al. recently
performed a comparative study on the 3 methods using the closed system and showed that
fina one was the best method but it required more trained personnel and involved a
complicated procedure [31]. After collection, the quality of the cord blood (volume, total
white blood cells (WBC) count, CD34+ and sterility control) needed to be checked.
According to a recent study from Thailand, the quality of the cord blood collected by any
methods was satisfactory and discard rate of collecting units were comparable with those
reported from other cord blood banks [31]. However, Wong et al. found that the reduction of
stem and progenitor cells correlated significantly with that of maor cell populations,
indicating a general cell loss, possibly owing to clotting activities developed with time [32].
They documented strong evidence for recommending the collection of cord blood before the
placental birth [33]. At present, the ex utero collection is more widely used. Basicaly, the
umbilical vein is punctured or catheterized, and then cord blood must be aspirated with
syringes contained anticoagulants [34]. Another method is to drain blood into a collection-
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bag by gravity [34]. The collection bags with anticoagulants provided by TERUMO and
BAXTER HEALTHCARE CO [34]. Askari et a. said that donor selection and collection
technique modifications might increase product quality [35]. They noted that total nucleated
cell count was more affected by different variables than CD34+ count [35].

Table 3. Basic methods for cord blood collection

Methods Details
1. Hanging method after placental | The umbilical cord blood is collected after the placental birth [36].
birth The entire collection process takes places after the umbilical cord is

clamped off from the newborn [36]. The placentais then placed into
a sterile device with the umbilical cord hanging through [36]. The
cord blood is collected by draining the cord blood with the help of
gravity [36]. In this case, they can usually collect between 40 and
150 milliliters of blood [36]

2. Direct aspiration frominutero | The cord blood is got from the umbilical vein with 20-mL syringes

placenta while the placenta still attaches in utero [36].

3. Direct aspiration frominutero | The collection of cord blood involved direct aspiration by direct
placenta and syringe-assisted puncture of the ethanol-sterilized umbilical vein at asite distal to the
aspiration placenta, to decrease to a minimum the feasibility of cross-

contamination by lymphocytes from mother [36].

C. Cord Blood Banking

To establish a cord blood bank, a big panel of frozen, HLA-typed cord blood units
storage is required. Cryopreserved, unprocessed cord blood units need vast storage space.
Various techniques can be used to isolate stem and progenitor cells from cord blood to reduce
the volume of blood. The described methods include hydroxyethyl starch sedimentation
(HES) with two centrifugation steps, and the top and bottom (T&B) isolation of buffy coat
following a single centrifugation, and filter systems for processing cord blood. The
hydroxyethyl starch method and the T & B method can be for the volume reduction of human
placental and umbilical cord blood units [36]. The new filter system was proved to be
efficient for placenta cord blood processing, encompassing a very simple handling procedure
with a favorable recovery of haematopoietic progenitor cells [36]. Takahashi et al. indicated
that filters that capture stem and progenitor cells might be a proper methodology for
processing cord blood collected for banking [37]. Dal Cortivo et al. proposed that Procord
was a good method for erythrocyte depletion of cord blood, and recoveries of nucleated cells
and progenitor cells were comparable to those cells derived from similar processing [37].
Nevertheless, as al existing methods, it is related to cell and progenitor cell loss [38]. At
present, automated system for reduction of blood volume is aso available. Armitage et al.
studied using the Optipress |1 Automated Blood Component Extractor (Opti I1) from Baxter
Healthcare Corporation, to decrease the volume of the cord blood collection, preserving the
guantity and quality of the progenitor cells, in a closed system [39]. They reported that using
this technique for processing cord blood units decreased storage requirement by two-thirds
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but preserves the quantity and quality of the progenitor cells [39]. Solves et al. recently
compared two different means for CB volume reduction in both development and routine
phases: HES sedimentation and T & B fractionation with the Optipress 11 [40]. According to
this work, the volume reduction method with the Optipress || was a time-saving system that
permitted good cell recoveries [40]. In contrast, the main advantage of the HES method is the
higher RBC depletion that affects CFU content [40]. Reducing RBC content should be the
main aim of further improvements for volume reduction using the Optipress || method [40].

Although placental blood has recently been a new available source of hematopoietic
progenitors for marrow replacement, limited attention has been provided to systems suitable
to ensure the short-term and long-term quality of placental blood units applied for
transplantation [41]. For cord blood banking, quality system is needed [41-42]. It includes the
organizational structure, procedures, processes and resources required to implement quality
management [41-42]. The number of cord blood banks throughout the world is increasing
rapidly [41-42]. In the USA and Europe, more than ten thousands placental cord blood units
are stored and available for possible transplantation at present [41-42]. The practices of
umbilical cord blood collection, mother selection, infectious disease screening, cell
manipulation and storage needs to be standardized [43]. Some accreditation process should
be set as an important key for assessing operating procedures and the quality assurance
programs of the banks, and for allowing the international exchange of placental blood
between transplant centers. Several medical 1SOs can be applied [41-42]. The Quality System
must be used and subjected to external audit at regular intervals so that certification is
guaranteed [41-42].

TRANSCIPTION FACTOR BINDING SITE E2F TRANSCRIPTION
FACTOR: A PREDICTION

As previously mentioned, there are complex processes in generation of adult cells from
stem cell. Transcriptional factor is a focus. However, the knowledge on this area is limited.
The application of bioinformatics can be helpful in this step. Here, an example will be hereby
presented. E2F transcription factoris an important regulator of genes needed for appropriate
progression through the cell cycle, and in special situations [43]. E2F associated co-activators
promote activating histone marks whereas recruitment of co-repressors associated with E2F
brings accretion of inhibitory histone modifications that provoke chromatin compaction [44].
It can be said that E2Fs help initiate both cell proliferation and cell death [43]. It has been
reported that cell cycle assist of stem cells is controlled through inhibition of E2F activity
[45]. The study on the expression of E2F is important in stem cell medicine at present.
Basically, E2F contributes to the transcriptional activation of many genes as previously
described. Study of transcription factor binding site within E2Fcan valuably complement
experimental detection. In this work, the author determined transcription factor binding site
in E2F transcription factor. This work aims to characterize transcription factor binding sites
in the sequence of the transcription factor E2F. This approach is interesting and may well
contribute to our understanding of how E2F transcription is regulated.
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CATCTTACAATTGATTITGAATATGGCTGTCAACGATTITAGGAGTTCAGAAG
AGAAGAATATACGATATAACAAATGTATTAGAAGGAATAGGTTACATTGA

AAAAATCTCAAAAAACAAA (20

ATTAAATGGETAGGTGOCACTGATAATCCATAACTGGAAACAGAGCTCTA
ATAGATTAAATAAGAATTGGAATAACTGTAAAATGAAGAAAAAACATAC

GATTTTTGGATTGAGCACTTA 240

TAAAAAAATCTATAAGACAAGTTITCAGACCGAACCTGAAATCGC TAAATA
CACATTTCTAACCTAAGAGGACTTTAAGGAGC TCTCCAAAAGTTAGTAAA

TTGATCATAAAGGTGAAACT 360

TTATTTATTATTACTGCTCCTAAAGGCACATTAGTAGAAACCGTATTGGAA
AATAATCCTGAATATCCTTATTAAGTCTACTTAAATAGCTCGAAAGTGCAG
GOTTAAAATAATGAAATT 4R0

........... *VEOCTI 0640 .92)
2 — =WEEVIL_0440.85)

CAAGTCTTCATTIGT TAAGATGAAAAT TATCCAATCGAATATGATAGGAA
ATAGAAATGACATAATTAATTICAATTATTATAAAATITTGCAGCATTICCAT
AAAACCTTAAATGATTITAC &00

AACATTTTTGATCA

Figure 1. Predicted transciption factor binding site in E2F transcription factor.

The prediction of transcription factor binding site in E2F transcription factor was
performed using in silico transcription factor binding site analysis. The tool for matrix search
for transcription factor binding sitesnamely MATCH was used. According to this work, the
input is the sequence of E2F.Briefly, MATCH [46] is designed for searching transcription
factor binding sites in DNA sequences using baseline database, TRANSFAC [47]. The
MATCH algorithm uses two parameters to score putative matches to the baseline database:
the matrix similarity score and the core similarity score [47].These scores imply the binding
affinities within molecules [47]. The cut off levels of the two parameters in this work are 0.7
and 0.75, respectively. These levels were set in order to minimize false positive. Identified
transcription factors will match to their high-affinity binding sites. The output is the detected
transcription factor binding sites. In addition, the frequency of sites per nucleotide (basepair)
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is aso calculated. According to this study, there are two detected transcription factor binding
sites (Figure 1). The frequency of sites per nucleotide is equal to 0.003257(2 sites per 614
basepairs).The first identified site is VSOCT1 Q6 (496taagatGAAAALtat510, core value =
0.893, matrix ~ vaue = 0.916). The  second identified site s
VS$EVI1 04(517gaatatgatA GGAAa531,core value = 0.776, matrix value = 0.861).

The role of E2F in the mammalian cell cycle is confirmed [48].Cell cycle-dependent
transcriptiona repression of the E2F promoters is controlled through E2F-binding sites and
nearby corepressor site [49].Tavner et a. reported that targeting an E2F site in the mouse
genome inhibits promoter silencing in quiescent and post-mitotic cells [50].In addition,
Rayman et a. reported that E2F mediated cell cycle-dependent transcriptional repression in
vivo by recruitment of an HDAC1/mSin3B corepressor complex [51].Here, the author tried to
determine the transciption factor binding sites within E2F. Two sites, Oct-1 and Evi-1, are
determined.Oct-1 is a member of the POU protein family helping in the activation of SnARNA
promoters and some mMRNA promoters [52]. Oct-1 also cooperatively transactivates PU.1
designing cell fate between mast cells and monocytes [52]. Evi-1 is a transcription factor with
two sets ozinc finger domains [53]. The temporally and spatially restricted pattern of Evi-1
expression in embryonic tissues implies a significant role of Evi-1 in organogenesis and
morphogenesis in development [54-55]. The two identified binding sites to Oct-1 and Evi-1
that E2F isimportant in stem cell development in normal and pathological process.
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Chapter VIII

ADVENT IN TRANSFUSION MEDICINE

INTRODUCTION TO BLOOD COMPONENT IN MEDICINE [1]

A. Introduction

There are many basic case groups to receive extensive blood transfusions including the
cases in intensive care unit, thalassemic cases, acute blood lost cases as well as traumatic
cases. Approximately four-fifth get multiple transfusions. At present donor exposure is an
issue because transfusion risk is still apparent [2]. Gived blood should be applied for the
treatment of cases as well as poses well asled with the same serious respect as well as ethical
stas well asards as with which it was gived by the donor. Directed donor or purcposesed
system should not be encouraged. Anonymous donation should be applied. As a rule blood
msut be given as a gift with no reimbursement as well as should be applied to an unknown
case with the intention to help as well as not to harm [2]. Donation shall be easy as well as
secure for the donor. Therefore, blood shall be poses well asled with respect as well as should
be applied with the intension to treat cases as previouly stated. Promotion of the blood
donation is the topic. Owing to a recent study, the principal obstacle for blood donation is
fear owing to poor knowledge [3].

Gived blood have to be applied for treatment of case directly or indirectly. Direct help to
the case might be transfusion of single units or transfusion of units from a batch, platelets or
plasma outcomes. Indirect help to the case include using of a few tubes for laboratory
controls or many units for stas well asards with the intention to help cases to set normal
values for a new test which is useful for laboratory medicine. Use of gived blood for other
aims than transfusion have to be no specific information when blood is applied as laboratory
quality controls but information for other kinds of use as well as assure for no identification
at the pposese of informed consent with identification of donor is heeded [2].

B. Risk of Transfusions

Acute hemoalytic (immediate antibody-antigen reactive action triggered by transfusion of
ABO incompatible blood) as well as delayed hemolytic (sensitization to minor blood group
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antigens during a previous transfusion which results in a reactive action 3 to 10 days after a
subsequent transfusion) are the two most common complicated outcomes of blood transfusion
[4]. The third kind is febrile, non-hemolytic owing to reactive action between antibodies as
well as LEUKOCY TE antigens or plasma proteins [5]. It should be noted that all three kinds
are rare in the newborn because of a defect in isohemagglutins as well as poor antibody
response to alien antigens. In addition, blood transfusion also had the risk for transmission of
many blood borne pathogenic agents [6] including syphilis, HIV 1, HIV 2, Human T-
lymphotrophic virus 1 (HTLV-1), hepatitis B surface antigen (HbsAg),malaria, microfilaria
as well as babesia. These pathogenic agents should be screened in the basic blood transfusion
screening test. Also, some new biomarkers are introduced including hepatitis C virus (HCV),
alanine aminotransferase (ALT), a surrogate biomarker for HIV infection, as well as hepatitis
B core antibody (Anti HBc), a surrogate biomarker for non-A, non-B hepatitis. According to
the stas well asard of Thai National Blood Bank, the donor screening tests include ABO
grouping, Rh, HBsAg, Anti HIV, Anti HCV, VDRL aswell asmalaria.

The rare complicated outcomes include graft versus host disease (GVHD) [7-8] which
usually occurs 4 to 30 days after a transfusion as well as associated with high fatality.
Concerning the pathophysiology, T-lymphocytes in a transfusion product engraft in the
recipient as well as react to the recipients tissues. The clinical pictures included liver
dysfunction, watery diarrhea, erythroderma as well as pancytopenia. This condition is firstly
described in immunocompromised children as well as noticed most recently in cases who
received blood gived by relatives. The new suggestion for prevention of graft versus host
disease is irradiation [9-10]. The irradiation is indicated in knownsuspected immunodefect
case getting blood from biologic relative as section of a directed donor program. It is also
indicated in in utero or exchange transfusion, bone marrow transplant recipients, infants with
malignancies (leukemia, neuroblastomas), very not high birth weight infants, infants getting
blood components with large amounts of leukocytes (platelets, granulocyte transfusions),
cases with absolute lymphopenia (lymphocytes < 500). It should be noted that removal of
lymphocytes by white blood cell (LEUKOCY TE) filter is not a replacement for irradiation.
Irradiated red blood cell can be stored for 28 days or equal to the age of the principal
irradiated blood components based on which date is earlier. Irradiate blood should be washed
prior to administration to remove excessive potassium leaking out of the red blood cell.
However, it should be mentioned that both irradiation as well as leukocyte filtering are not
the method to prevent al transfusion reactive actions since there are other causes of
transfusion reactive actions.

C. Indications for Transfusions

There are many indications [11] including replacing phlebotomy losses, treatment of
symptomatic cardiac disease, treatment of severe respiratory distressed syndrome, surgical
management, replacement of acute blood loss as well as exchange transfusion (in some
diseases such as malaria as well as leptospirosis). Concerning the administration issues,
cardiovascular system can only poses well asle acute maximizes of 10 to 15% without
compromise. Most units use single transfusion volumes of 10 to 20% over 2 to 6 hours as
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well as dose of blood applied is determined by hematocrit of donor blood. Freshness of blood
is aso important. During the storage of blood 2,3 DPG reduces, pH reduces, extracellular
potassium maximizes, as well as free HgB maximizes. Most blood banks servicing use blood
aging less than 7 days old. Preservation of gived blood by anticoagulation is suggested.
Anticoagulants usually contain anticoagulant, buffer as well as energy source for erythrocytes
(citrate, sodium phosphate, dextrose). Citrate phosphate dextrose (CPD) is the most common
preservative applied in transfusions. One unit of whole blood contains 450 ml of donor blood
accompanied with 60 ml of CPD. Other additives are not widely applied owing to their
possible toxicities (adenine - renal toxicity, mannitol - osmotic diuretic effects as well as
dextrose - hyperglycemia).

It should be noted that no information suggests that parents or relatives donating blood is
safer than banked blood. Indeed, parents should not give to their child because it reduces the
future chance that the parent can bring organs to the child for transplant as well as materna
plasmain postsectionum period usually contains numerous alloantibodies against paternal red
blood cells, white blood cells, platelets, as well as HLA antigens.

D. Blood Component from Donation

One unit of blood is consisted of many components. The principal components included
red cells, platelets, plasma as well as white cells (rmally not applied) [12]. Before making a
transfusion, the physician in charge have to consider that the blood can be or cannot be
transfused. Transfusion should be cancelled in cases of failures during production do not pass
quality control, outdated as well as delivered to desectionment within more than half an hour.
The preparation of blood component poses many steps passing many spinning.
The important blood components include
1. redblood cells
Red blood cell have to be filtered. Maximized hemolysis with small needles for
administration can be seen. It should be noted that fresh blood is less prone to
hemolyze as well as pumps do not damage the red cells. Also, blood warmers do not
damage the cells. The principal indications include acuted severe anemia as well as
chronic anemia with heart as well as lung disease. The dosage depends on the
case' age, diseases, symptoms. The advantage of red cell transfusion is maximize of
red cell that helps maximize oxygen transportation. Klein et al. said that laboratory
assays that indicated failing tissue oxygenation would be ideal to guide the need for
transfusion, but none had proved easy, reproducible, as well as sensitive to regional
tissue hypoxia[13].
2. Leukocyte depleted (poor) blood (LPB) [14]
Preparation of LPB is by refrigerated centrifugation or specific leukocyte filter (
Sepacell R500 , Imugard 1G500 , Pall RC100 ). The indication includes use for the
prevention of transfusion reactive action, aloimmunization to leukocyte antigen,
platelet refractoriness aswell as CMV infection.
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Platelet

The principal indication for platelet transfusion is the treatment or prevention of
bleeding in profoundly thrombocytopenic cases with bone marrow failure owing to
malignancy as well as/or myelosuppressive therapy [15]. The satisfied post
transfusion platelet level requires judge for each case. It is usually done with asingle
transfusion as well as can be transfused as rapidly as the case conditions permits (1
to 2 hours). It should be noted that storage at room temperature is requested but can
maximize bacterial risk. At room temperature, platelet can be storage for 5 days. The
effect of platelet concentrate storage temperature (4 °C versus room temperature) on
platelet adenine nucleotide metabolism was studied by Filip et al. [16]. The results
for concentrates stored at room temperature, with a final pH above 6.0, were not
inferior to the results for those stored at 4 °C. Filip et a. said that storage at both
temperatures was related to conversion of ATP in the metabolic adenine nucleotide
pool to hypoxanthine [16].

Fresh Frozen Plasma ( FFP) [17-18]

FFP is divided from whole blood (WB) within 8 hours as well as immediately
frozen in ethanol bath at -4°C or freezer -18°C. The derived FFP should be stored at
atemperature of -25 °C or not higher [19]. One unit consists of factor VIII > 0.7 I.U.
/ml , red blood cell < 0.6 x 10° cellg/L , white blood cell < 0.1 x 10°cells/L , Platelets
< 50 x 10° cells/L. The thawing can, for example, occur packaged in a plastic bag in
a water bath (refresh/clean daily) of 37 °C (with temperature monitoring) [19]. The
indication of FFP transfusion include single or multiple coagulation factors defect,
reversal of warfarin therapy , plasma exchange therapy for thrombotic
thrombocytopenic purpura[20].

Cryoprecipitate (Anti-Hemophilia Factor, AHF) [15]

One unit of cryoprecipitate contain factor VIII : C 80 -100 I.U., factor VIII :
VWF 40 -70 % , fibrinogen 150 - 300 mg , factor XI11 20 -30 % , plasma 5 -10 ml.
The principal indication of cryoprecipitate transfusion include hemophilia A , von
Willebrand's disease, obstetric complication , congenital or acquired fibrinogen
Defect , factor XIll Defect as well as DIC [20]. However, an important risk of
cryoprecipitate is virus contamination. Evatt et al. noted that over a lifetime of
treatment (60 years), the cumulative risk of HIV exposure for a person with
hemophilia getting monthly infusion of cryoprecipitate prepared from plasma was
estimated 2% in the USA as well as 40% in Venezuela [21]. Considering the
cumulative risk for transmitting HIV to cases with hemophilia through
cryoprecipitate treatment, medical care bringrs should carefully evaluate the use of
cryoprecipitate in any but emergency conditions or when no viraly inactivated
outcomes are available. The present trend is changing from from cryoprecipitate to
virus-safe high-purity concentrate [22].

Cryo - removed plasma (CRP) [15]

One unit of CRP contains plasma volume 200 ml , al stable coagulation factors
as well as proteins. The principa indication of CRP transfusion include hemophilia
B, replace prothrombin complex (Factor Il , VII , IX , X ) as well as volume
expansion [20].
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Summarization on important indication for blood component transfusion [23] is shown in
Table 1.

Table 1. Important indications of blood component transfusion

Components Indications
Whole blood acute massive blood loss
PRC Severe anemia
platel et profound thrombocytopenia
FFP coagulation factor defect, severe coagulopathy
Cryoprecipitate hypofibrinogenemia, hemophilia A
Cryo - removed plasma | hemophilia B, volume expansion

BLOOD TRANSFUSION FOR NEWBORN

Blood transfusion is a basic practice in medicine. As previously mentioned, it is useful
for many pathological conditions. The major indication of blood transfusion is for life saving.
There are many kinds of blood transfusions and those types can be applied in neonatology.

A. Whole Blood Transfusion

Whole blood transfusion is extremely indicated in transfusion medicine at present. The
transfusion of fresh whole blood (FWB) for trauma-induced coagulopathy is unusua in
civilian practice. However, Kauvar et al. said that FWB transfusions were most common
when demands for massive transfusions wiped out existing blood supplies [24]. They noted
that FWB patients had the highest blood product requirements but fatality did not differ
significantly between FWB and non-FWB patients whole or for massively transfused patients
[24]. They proposed that FWB might be used in some specific conditions such as during war
[24]. Repine et al. proposed that the risk:benefit ratio of FWB transfusion favors its use under
extreme circumstances [25] FWB might, at times, be advantageous even when conventional
component therapy is available [25]. The FWB transfusion is aso restricted used in
neonatol ogy

B. Fresh Frozen Plasma

The major indication of FFP isthe replacement of plasma, not cellular component. FFP is
heavily used in massive transfusion. Although FFP can partialy correct abnormal
coagulation, a recent systematic review revealed no randomized studies showing clinical
benefit [26]. Although the whole risks of FFP is not high, it the least safe blood component,
due to immunologic reactions such as alergy/anaphylaxis, transfusion-related acute lung
injury (TRALI) and hemolysis due to anti-A or anti-B if transfused across ABO groups [26].
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TRALLI, an acute syndrome of dyspnoea, hypoxia and pulmonary white-out is present a major
cause of transfusion-related death [26]. According to an audit study in a developing country,
the use of FFP for volume support in trauma, massive bleeding and burns, routine requests
without identified indication in cardiac bypass surgery, and preventive use in the
perioperative period can be the basis for suggestions to minimize the inappropriate use of
FFP in the future [27].

For newborn, the frequency of specific diseases that might necessitate the administration
of FFP differs from that in adults. The plasma levels of many procoagulant factors and
important anticoagulants are not higher in newborns than in other age groups, however,
healthy newborns show no easy bruising, no increased bleeding during surgery, and excellent
wound healing [28]. The good primary hemostasis in newborns despite poor in vitro platelet
function seems to be due majorly to a very high von Willebrand factor and the presence of
more high-multimeric subunits of von Willebrand factor than later in life [28-29]. Since
healthy newborns and young infants have excellent hemostasis, there is absolutely no
indication to correct these values to adult's norms prior to invasive procedures by
administering FFP [28]. At present, indications for FFP, once used routinely in the support of
critically ill infants and children, have become more specific as evolving evidence has
confirmed or disproved the efficacy of plasmain various circumstances [29]. FFP is currently
indicated to treat the coagulopathies of massive hemorrhage, liver failure and disseminated
intravascular coagulation and sepsis [28-29]. Exchange transfusion and extracorporea
membrane oxygenation is additional specific indication for newborns [28]. In congenital
clotting factor deficiency, replacement therapy is much more easily administered using a
highly specific concentrate [28]. However, when FFP is used to raise the level of the
congenitally deficient factor, the huge volume needed to reach sufficiently high plasmalevels
can commonly be a mgjor problem, therefore, FFP as a replacement therapy in congenital
factor deficiency is only indicated when no specific concentrate is available [28].

C. Red Blood Cell Transfusion

Red blood cell transfusion is indicated in cases that need red blood cell such as anemia
Pack red cell (PRC) is the well-known component for red blood cell transfusion.
Hematol ogical features indicate that a newborn has a blood volume of 85-125 ml/kg, the fetal
hemoglobin is 60-85% and average hemoglobin level in full term infant is 18 gm/dl [30]. It
severe neonatal anemia is judged, PRC transfusion should be concerned. Neonatal anemiais
an important indication of PRC transfusion. Anemia due to hemorrhage is the most common
indication. Hemorrhage can be ante or intra or post natal and it could be external or internal
[31]. It could be acute or chronic [31]. Management of acute severe hemorrhage includes
packed cell transfusion [31]. However, the red cells transfusions are generaly top up
exchange transfusions, partia exchange transfusions [30]. Top up- are for investigational
losses and correction of mild degrees of anemias, upto to 5-15 ml/kg [30]. They comprise
90% of all neonatal transfusions and are used in not high birth babies in specia care units for
amaximum of 9-10 episodes [30].
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There are also some concerns on the adverse effect of repeated RBC transfusion on
newborn. The first concern is about the iron overload. Dani et a. said that gestationa age,
blood transfusion volume and iron load by transfusions are associated with the risk of
occurrence of ROP in infants with a birthweight of less than 1250 grams [32]. Dani et al. also
found that plasma non-transferrin bound iron is significantly increased in preterm infants for
three hours after PRC transfusion, but this is not associated with significant changes in
oxidative stress [33]. Another important concern is the effect on immune system. HLA
alloimmunization can be imagined. The leukocyte filter technique has been shown to be
effective in preventing HLA alloimmunization and transfusion reactions but the price is
rather high [34-35]. For the inverted centrifugation technique, only transfusion reactions were
effectively prevented and the HLA alloimmunization continued to develop [35].

D. White Blood Cell Transfusion

White blood cell transfusion is not indicated at present due to the high prevalence of
blood borne transfusion. The replacement of white blood cell which is the old indication of
buffy coat administration is present replaced by the administration of granulocyte stimulating
factor. However, there are some practices of granulocyte transfusions in the cases with severe
neonatal sepsis [36-38]. According to a recent Cochrane review, there is inconclusive
evidence from randomized control trials to support or refute the routine use of granulocyte
transfusions in newborns with sepsis and neutropaenia to reduce fatality and morbidity [36].
Researchers can be encouraged to conduct adequately powered multicentre trials of
granulocyte transfusions to clarify their role in newborns with sepsis and neutropaenia[36].

E. Platelet Transfusion

Platelet is a part of cell circulating in the blood stream. Platelet, white blood cell
(granulocyte) and red blood cell (erythrocyte) are the three important cellular components of
blood. For production of platelet, bone marrow is the factory site. Within the bone marrow,
megakaryocytopoiesis involves the commitment of hematopoietic stem cells, and the
proliferation, maturation and terminal differentiation of the megakaryocytic progenitors [39].
The major function of platelet is in hemostasis process. Concerning the normal hemostasis
process, after the episode of hemorrhage, the vasoconstriction is the first response.
Coagulation due to coagulation factors to derive fibrin to weave at the wound occurs and the
platelet in the blood stream will be entrapped at that site and result in the wound healing. This
process must be balanced by the fibrinolysis system to derive homeostasis. Hence, it can be
said that platelet is needed for human beings and defects of platelet, in function or amount,
can result in hematological abnormality. Platelet transfusion is a type of blood transfusion. A
platelet transfusion is given in the same manner as whole blood. At present, platelet
transfusion is widely used in transfusion medicine. There are two important indications for
platelet transfusion at present, prophylaxis and therapy. The most important indication for
platelet transfusion is the treatment of bleeding episodes in thrombocytopenic patients due to
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bone marrow aplasia, leukaemia, or chemotherapy of various malignancies [40]. ABO and
HLA typing are carried out on donors and recipients [40]. Due to the high polymorphism of
the HLA system, it is, however, difficult to find a compatible donor-recipient pair [40]. The
indications of important platelet outcomes are discussed. While many advances have been
made in platelet transfusion technology, problems remain [41]. These include the short
storage life of liquid-stored platelets and the common development of alloantibodies (the
refractory state) in patients getting a number of transfusions [41].

Similar to other blood components transfusion, complications due to platelet transfusion
is documented. Refractoriness is the most important complication of platelet transfusion
therapy, occurring in about 50% of patients getting repeated transfusions [42]. Lack of
adequate post-transfusion platelet count increments - platelet refractoriness - is a
complication of chronic platelet support shown by 5-15% of chronic platelet recipients [42].
Basically, refractoriness is usually defined as the occurrence of 2-3 post-transfusion platelet
count increments, corrected for the patient's size and number of administered platelets, at 10-
60 minutes and at 18-24 hours post-transfusion benot high 4,500-5,000 and 2,500 platelets
per microliter respectively [43]. Generally, refractoriness is associated with clinical and
pharmacological causes in most cases, however, in those cases in which refractoriness is due
to immune factors, anti-HLA antibodies are most commonly set [43]. The major causes are
HLA alloimmunization and non-immune platel et consumption associated with clinical factors
such as septicaemia, DIC and splenomegaly [42]. Initial management of alloimmunized
patients who are refractory to platelet transfusions from random donors is the use of HLA-
matched platelet transfusions, which improve responses to transfusions in about 65% of
patients [42].

In newborn, the platelet transfusion is also indicated for the cases with severe
thrombocytopenia. Basically, thrombocytopenia occurs in up to a third of preterm newborns
admitted to intensive care units [44]. In these babies, thrombocytopenia typically presentsin
one of two patterns: early-onset thrombocytopenia occurring within three days of birth and
late-onset thrombocytopenia which develops after 72 hours [44].

It is noted that late-onset neonatal thrombocytopeniais usualy due to bacterial sepsis or
necrotising enterocolitis (NEC); it is often severe, prolonged and reguires treatment with
platelet transfusions [44]. There is a new concern on platelet transfusion in newborn with
NEC. It should be noted that platelet transfusions contain a variety of bioactive factors,
including platelet activating factor (PAF), which can augment systemic inflammatory
processes [45]. A growing body of evidence that incriminates PAF in the pathogenesis of
NEC has emerged over the past few decades from both animal and human data [45]. Both
severe thrombocytopenia and multiple platelet transfusions have been associated with
increased fatality, but it is admittedly difficult to differentiate between the effects of the
underlying disease and the effects, if any, of the platelet transfusions [45].

F. Coagulation Factor Transfusion

Coagulation factor transfusion is an important tool for treatment of the patients with
hemophilia [46-47]. The clotting factor can be prepared from the donated blood. The problem
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on finding of blood donor and donor selection should be mentioned. In addition, the problem
of blood borne infection in the present day should be stated. Human immunodeficiency virus
(HIV), hepatitis B virus (HBV) and hepatitis C virus (HCV) in the blood supply are the
important problematic blood borne transmitted diseases. In general, cryoprecipitate
transfusion is the widely used coagulation factor transfusion for the cases with hemophilia
[46-48]. According to the study of Evatt et a., over a lifetime of treatment (60 years), the
cumulative risk of HIV exposure for a person with hemophilia getting monthly infusion of
cryoprecipitate prepared from plasma is significant, 2% in the USA and 40% in Venezuela
[49]. Considering the cumulative risk for transmitting HIV to patients with hemophilia
through cryoprecipitate treatment, medical care providers should carefully evaluate the use of
cryoprecipitate in any but emergency conditions or when no viraly inactivated outcomes are
available [47]. In more affluent countries, the debate in recent years has focused on the
relative merits of plasma versus recombinant outcomes [46]. Coagulation factor concentrates
are expensive, and cost-benefit and quality-of-life studies will assume an increasing
importance in guiding the selection of outcomes [46]. Looking to the future, genetic
engineering brings the potential to create coagulation factors with enhanced properties, such
as reduced immunogenicity and prolonged half-life [46].

JAHOVAH WITNESS AND PATIENT’S RIGHTS IN
TRANSFUSION MEDICINE

Patient’s right is the heart of present medical service. Considering transfusion medicine,
a branch of clinical pathology, there is an interesting aspect on patient’s right on “Jahovas
witness.” According to the oaths of the Christian who believe in Jahovas witness principles,
receiving blood and blood product is prohibited. Transfusion practice for these patientsis an
important consideration on patient’ s rights [47-50]. The aspects for consideration include:

1. Medica practice for Jahovas witness: review on update medical practice [51-52]

Although there are many scientific conferences and consensus for setting up of
clinical practice guideline for the Jahovas witness that bring many new alternative
medical practices including artificial blood and bloodless surgery. Can we say that
those new medical practices for Jahovas witness follow natural principles and
sufficient medical practice?

2. Rightsto accept or reject a specific therapeutic option : lesson from medical practice
in Jahovas witness cases [47-50,53-54]

The rights to reject the treatment for the nearly death cases, as in the case of
Buddhadasa might be well known [55-56]. However, the rights to accept or reject a
specific option, selection, might be a new thing for general physicians. And this
challenge the medical practice of many doctors. Although the proposed therapeutic
option is the best updated and standard the patients might totally deny. Therefore,
what is the role of the physician in charge? A. making an argument, B. following the
patient request and saying nothing or C. or? In many countries, the management of
Jahovas witness is recommended for special method. Making an argument or trying
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(1]
[2]
(3]

[4]
[5]
(6]
[7]
(8]
[9]

[10]

[11]

to pursue the patient may be hopeless and usually bring confrontation. Giving the
understanding and knowledge on the risk of the alternative therapy is recommended.
Preparation for the fought-to-select medical practice : analysis for the future [47-50]

Sometimes the medical practice is fought to select by unpredictable factor.
Sometimes, the choices are very limited such as those of Jahovas withness. Therefore
analysis for aternative, preventive action plan as well as risk estimation is necessary
and should be set up to increase the quality of medical service.

Medical practice against religious belief : conclusion [56]

Many accepted standard medical practices at present might be judged as
practices that against religious belief. In addition to Jahovas witness, there are aso
other examples including autopsy examination and preparation for Halal drink and
food for the Muslim or preparation for vegetarian food for the strict Mahayana
Buddhist vegans. Physician should aware any medical practices that might against
the religious belief for these patient. The system as making understanding and giving
knowledge on the patient self-selected therapeutic option due to his’her rights must
be followed.
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Chapter IX

PHOTOTHERAPY

INTRODUCTION

Light is a basic thing that human beings know. Light is mainly from the sun. Electricity
can also provide light. Therapy by light is also a medical concept. Since light poses energy
therefore it might be used for treatment. In this chapter, the author will present the topic on
phototherapy. Main kinds of application, photodynamic therapy and classical phototherapy
for newborn will be discussed.

PHOTODYNAMIC THERAPY

A. What is Photodynamic Therapy?

Photodynamic therapy (PDT) is anovel medical therapy making used of a non-toxic dye
termed a photosensitizer (PS) together with low intensity visible light, which, in the presence
of oxygen, generate cytotoxic species [1]. PS can be targeted to its destination cell or tissue
and, in addition, the irradiation can be spatially confined to the lesion giving PDT the
advantage of increased doubled selectivity [1]. In therapy, PDT can lead to photochemical
tissue destruction or immunomodulation [2]. The greatest disadvantage of systemic
administration of photosensitizers is cutaneous photosensitization of the patients, which can
presist for some months [2].

Presently, PDT is an approved treatment for several types of tumors and certain benign
diseases. Physiologically, light-activation of the photosensitizer in the presence of molecular
oxygen, which accumulates in cancer tissues, brings the local production of reactive oxygen
species that kill the tumor cells [3]. Hendrickx et al. reported that hypericin-mediated PDT of
human cancer cells led to up-regulation of the inducible cyclooxygenase-2 (COX-2) enzyme
and the subsequent release of PGE2 [4]. They noted that the combination of PDT with
pyridinyl imidazole inhibitors of p38 MAPK might improve the therapeutic efficacy of PDT
by blocking COX-2 up-regulation, which contributed to tumor growth by the release of
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growth- and pro-angiogenic factors, as well as by sensitizing cancer cells to apoptosis
[4].Agostinis et al. noted that mitochondria were central coordinators of the mechanisms by
which PDT induced apoptosis in the target cells [3].Agostinis et al. aso noted that
concomitant to the permeabilization of the outer mitochondrial membrane, which led to the
release of several apoptogenic factors in the cytosol and to the activation of effector caspases,
regulatory signaling pathways were activated in a photosensitizer, PDT dose and cell-
dependent fashion [3]. They proposed that signaling pathways regulated by members of
mitogen activated protein kinases and their downstream targets, such as cyclooxygenase-2,
appeared to critically modulate cancer cell sensitivity to PDT [3]. Almeida et al. said that
activation of phospholipases, changes in ceramide metabolism, a rise in the cytosolic free
Ca2+ concentration, stimulation of nitric oxide synthase (NOS), changes in protein
phosphorylation and alterations in the activity of transcription factors and on gene expression
had all been observed in PDT-treated cells [5]. Ali et al. said that loss of mitochondrial
transmembrane potential, release of cytochrome c, involvement of caspases-8 and -3 and the
status caspase-3 specific substrate PARP, were evaluated in PDT treated tumor cells [6].
They also noted that caspase-3 plays an important role in induced apoptosis [6]. Components
of the mechanism whereby PDT causes cells to undergo apoptosis are becoming understood,
as are the influences of several signal transduction pathways on the response [7]. Finaly,
Almeida et al. said that understanding the signaling mechanisms in PDT might provide
means to modulate the PDT effects at the molecular level and potentiate its antitumor
effectiveness[5].

PDT is presently accepted as a new integrative cancer therapy [8]. Indeed, PDT iswidely
applied for gastrointestinal diseases including obstructing oesophageal cancer, early-stage
oesophageal cancer, Barrett's esophagus, hilar cholangiocarcinoma, stomach-, colon- and
pancreatic cancer [9]. An example on application for cholangiocarcinoma will be hereby
presented.

B. Cholangiocarcinoma, a Tropical Carcinoma

Cholangiocarcinoma is an important tropical carcinoma. It is an uncommon malignant
tumor arising from the biliary epithelium. The incidence of this cancer significantly increases
with age and usually affects individuals in their 6th or 7th decade of life [10]. Presently,
cholangiocarcinomais a common cancer among the people in Southeast Asia, with the world
highest prevalence at the northeastern Thailand and Laos [11]. Unfortunately, most of the
patients with cholangiocarcinoma presented to the physicians with advance diseases resulting
in several complications and highly fatal outcomes [12]. The most commonly observed
clinical symptoms and signs were fever, abdominal pain, malaise and weakness [12].
Wiwanitkit said that most of cholangiocarcinoma are at distal extrahepatic following by
seven perihilar and intrahepatic [12]. Wiwanitkit also noted that almost half of the patients
presented with other pathological conditions, resulting from acute biliary tract obstruction
and ascites [12]. Of those complications, acute cholangitis is one of the common
complications of cholangiocarcioma [13]. Wiwanitkit proposed that the pathogens detected
were similar in cases of cholangitis alone and cholangiocarcinoma[12].
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Concerning the laboratory finding in this tumor, a significant increase in serum bilirubin
and marked elevation of serum alkaline phosphatase (ALP) can be seen. Wiwanitkit said that
high serum ALP levels in hospitalized patients were commonly found in three major groups
having obstructive biliary diseases and cholangiocarcionoma was the most common cancer
with a marked elevation of serum ALP [14]. Paritpokee et al. noted that the fast liver
isoenzyme could be a useful marker in diagnosis of malignant extrahepatic obstruction,
cholangiocarcinoma [15]. As aready mentioned, most of the patients with this cancer usually
visit the physician with the late stage of disease and their prognosis is usually grave. The
prognosis of perihilar cholangiocarcinoma (CC) is limited by tumor spread along the biliary
tree leading to refractory obstructive cholestasis, cholangitis, and liver failure [10]. Prognosis
of cholangiocarcinomas is dismal, although five-year survival rates for these cancers have
improved due to the recent progress in surgery and adjuvant oncological therapy [16].

The first-line imaging investigation is ultrasonography, which usually detects dilatation
of the bile ducts, but more rarely the tumor itself [16]. Classically, endoscopic retrograde
cholangiopancreatography (ERCP), the gold standard investigation in case of obstructive
jaundice, is aso recommended [16]. Concerning treatment, surgical procedure is the widely
used method for cholangiocarcinoma therapy [17]. Acalovschi said that al patients who do
not have unequivocal cholangiographic and angiographic signs of unresectability should
undergo surgery, in order to benefit of a possible tumor resection [16]. Acalovschi noted that
the radical surgical procedures relieved the obstruction and jaundice by resecting the tumor
[16]. Paliation with biliary endoprostheses results in median survival times between 4 and 6
months for non-resectable cholangiocarcinoma [10]. In advance cases, the palliative, surgical
or endoscopic, procedures cure the jaundice, but cannot remove the tumor [16]. Primary
prevention for this cancer is proposed to be more useful than therapy. The major risk factor
for this cancer in the endemic area is believed to be exposure to liver fluke, Opisthorchis
viverrini, in insufficiently cooked traditional foods [12]. Other risk factors include primary
sclerosing cholangitis (PSC) and choledochal cysts. As this cancer is still endemic in
Southeast Asia, continuous prevention and surveillance of this public heath problem are
necessary for this region.

C. Application of Photodynamic Therapy in Cholangiocarcinoma

General Introduction

As previously mentioned, PDT can be applied in cholangiocarcinoma [18-19]. Generaly,
the therapeutic principle of resecting liver tumors, applies to both primary and secondary
types of liver abnormal tumors [20]. Unfortunately many patients with many liver lesions,
especially cholangiocarcinoma, are inoperable due to technical difficulties or comorbidity
[20]. Although surgical resection offers the only hope for cure, most patients are found to
have unresectable disease on initial presentation and have an extremely grim prognosis and
this has brought an emphasis on the role of palliative care, with relief of biliary obstruction,
in the management of these affected cases [21]. This also stimulated the development of
ablation methods, including PDT [20-22].
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Indeed, surgical bypass was once the primary means of palliation of obstructive jaundice
in patients with unresectable cholangiocarcinoma but in the recent years has been superseded
by less invasive and less morbid nonsurgical procedures such as endoscopic and
percutaneous biliary stent placement [21]. Newer modalities of palliation such as endoscopic
delivery of photodynamic therapy and high-intensity ultrasound therapy are new emerging
nonsurgical modalities that may result in improved survival and may be a future hope as an
adjunctive therapy to surgical resection [21]. Ortner said that prognosis of nonresectable
cholangiocarcinomais not good, and in Bismuth type |1l and IV tumors relief of jaundice was
seldom achieved, despite successful endoprosthesis insertion and additional photodynamic
therapy seems to be a promising new approach to these tumors [23]. Wong Kee Song et al.
said that despite their relatively localized nature, the therapy for surgically unresectable
cholangiocarcinomas had been largely unsuccessful and PDT was a promising technique for
both curative and palliative treatment of this malignancy [24]. They recently performed an
interesting to compare the effectiveness of a potential new photosensitizer, mono-I-aspartyl
chlorin e6 (NPe6) with that of atraditional drug, hematoporphyrin derivative (HpD), in PDT
administered to a human cholangiocarcinoma model [24]. According to this study, they
concluded that PDT with HpD or NPe6 was effective inducing tumor regression in the
cholangiocarcinoma model and NPe6 appeared to induce greater tumor regression than HpD,
with decreased tumor regrowth and duration of cutaneous photosensitization [24].Berr said
that PDT with porfimer and laser light of 630 nm provides tumoricidal tissue penetration to a
depth of only 4 to 4.5 mm that does not eradicate most tumors [10]. Oertel et al. said that
PDT of bile duct cancer using HpD and laser light of 630 nm wavelength was confined to a
tumouricidal tissue penetration of 4 mm, which might be doubled with laser light between
700 and 800 nm [25]. Oertel et al. recently investigated the photosensitising properties of a
novel bacteriochlorine, tetrakis-pyridyl-tetrahydroporphyrin tosylat (THP) with high
absorption at 763 nm [25]. In their study, two biliary cancer cell lines (BDC, GBC) were
incubated with HPD or THP to assess cellular uptake kinetics, dark cytotoxicity, and
photodynamic cytotoxicity (laser light exposure 1-20 Jcm?2) [25]. Oertel et al. found that
THP induced tumour-selective phototoxicity in the cholangiocarcinoma model and concluded
that this novel bacteriochlorine THP exhibited photosensitiser properties in biliary tract
cancer cells in vitro and in vivo and could achieve deep tumouricidal tissue penetration due
to photoactivation at 763 nm [25]. Ortner said that encouraging results from trias of
photodynamic therapy in nonresectable cholangiocarcinoma suggested considerable promise
for this new palliative treatment modality [26]. Gerhardt et al. said that pilot studies showed
relief of jaundice, mainly because of opening of the intrahepatic ducts and improvements in
quality of life indices [22]. They said that survival time seems to be long; however,
randomized studies are necessary to confirm these results [22]. However, Ortner said that the
apparent benefit of photodynamic therapy on survival, jaundice, and quality of life must be
confirmed [26]. Here, the reports on these outcomes of PDT in cholangiocarcinoma are
summarized and present.

Survival after PDT
In 2004, Berr noted that tumor ablation with PDT combined with biliary stenting reduces
cholestasis and significantly improves median survival time to 11.5 to 16.2 months [10]. Berr



Phototherapy 113

also said that time to progression lasted approximately 6 months indicating that PDT was
required twice annually [10]. In 2003, Ortner et al. performed a prospective, open-label,
randomized, multicenter study with a group sequential design compared PDT in addition to
stenting (group A) with stenting alone (group B) in patients with cholangiocarcinoma [27].
According to this study, PDT resulted in prolongation of survival [27]. Ortner et al. said that
PDT, given in addition to best supportive care, undoubtedly improved survival in patients
with cholangiocarcinoma and PDT proved to be so superior to simple stenting treatment [27].
Ortner et al. performed another interesting study in 9 patients with advanced nonresectable
cholangiocarcinomas Bismuth type I11 and IV, who showed no sufficient drainage (bilirubin
decrease <50%) [28]. In this study, after endoscopic stent insertion, al patient were
underwent photodynamic therapy [28]. Ortner et al. found that thirty-day mortality was 0%,
and median survival time was 439 days [28]. Ortner concluded that survival time in
cholangiocarcinoma patients after PDT seemed to be prolonged [28-29]. However, there are
also some studies indicating that the patients with PDT do not have significantly differencein
survival comparing to those without [30].

Jaundice after PDT

Dumoulin et al. noted that the combination of PDT and biliary drainage by plastic
endoprosthesis insertion has produced promising results in the treatment of nonresectable
cholangiocarcinoma [30]. They performed a study to evaluate the feasibility and efficacy of
intraductal PDT therapy with subsequent biliary drainage by metal stent insertion in 24
patients [30]. In this study, a significant decrease in serum bilirubin was noted in al patients
[30]. Ortner et al. said that improved biliary drainage could be derived after PDT [27]. They
also noted for significant lowering of hyperbilirubinemia after PDT in addition to stenting
comparing to stenting alone [27]. Ortner et al. noted that serum bilirubin levels significantly
declined after PDT and showed no significant increase during the two monthly follow-ups
[28]. They noted that PDT was effective in restoring biliary drainage [28]. Ortner
summarized that a remarkable reduction of bile duct stenosis and bilirubin decrease in
cholangiocarcinoma patients could be seen after PDT [29]. Rumalla et al. said that PDT
provided effective relief from biliary obstruction in advanced cholangiocarcinoma[31]. They
also noted that PDT for cholangiocarcinoma was safe and technicaly feasible with a
preloaded biliary catheter and a monorail technique for catheter positioning [31]. Ortner
noted that PDT was well tolerated, with only few specific side-effects [32]. Reported
complications due to PDT include acute cholangitis and skin phototoxicity [31]. However,
Wiedmann et al. said that PDT for cholangiocarcinoma was a low-risk procedure with
efficient selective destruction of the bile duct tumor [33].
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Table 1. Reports on photodynamic therapy for other important cancers
Authors Details

Solar et al. [36] Solar et a. reported on erythropoietin inhibits apoptosis induced by photodynamic therapy in
ovarian cancer cells[36].

Patel et d. [37] Patel et a. reported on motexafin lutetium-photodynamic therapy of prostate cancer [37].

Millaet a. [38] | Millaet a. reported on pharmacokinetic, toxicological and phototherapeutic studies of
phthalocyanine ZnPcCF(3) [38].

Park et a. [39] Park et al. reported on paclitaxel augments cytotoxic effect of photodynamic therapy using
verteporfin in gastric and bile duct cancer cells[39]

Olgjek et al. Olgjek et a. reported on photodynamic therapy in vulvar intraepithelial neoplasia[40].

[40]

Peng et al. [41] Peng et . reported on self-assembled star-shaped chlorin-core poly(varepsilon-
caprolactone)-poly(ethylene glycol) diblock copolymer micelles for dual chemo-
photodynamic therapies [41].

Stephan et al. Stephan et al. reported on Photodynamic therapy in retinoblastoma: effects of verteporfin on

[42] retinoblastoma cell line [42].

Prasad et al. Prasad et al. reported on correlation of histology with biomarker status after photodynamic

[43] therapy in Barrett esophagus [43]. Prasad concluded that histologic downgrading of
dysplasia after photodynamic therapy was associated with the loss of biomarkers that have
been associated with progression of neoplasiain Barrett esophagus [43].

Saw et al. [44] Saw et a. reported on potentiation of the photodynamic action of hypericin [44]. Saw et al.
said that hypericin photodynamic diagnosis and hypericin photodynamic therapy could be
enhanced and optimized with the right combination of light dosimetry and drug dose in an
effective formulation containing a suitable adjuvant [44]. Saw et al. also wrote that
hyperoxygenation and hyperthermia could a so be used to further enhance the efficacy of
hypericin photodynamic therapy [44].

Bhuvaneswari Bhuvaneswari et al. reported on molecular profiling of angiogenesis in hypericin mediated

et al. [45] photodynamic therapy [45]. Bhuvaneswari et al. concluded that long drug light interval
hypericin photodynamic therapy induced upregulation of angiogenic proteins[45]. They also
noted that differential expression of genesinvolved in the angiogenesis pathway was
observed in the various groups treated with hypericin photodynamic therapy [45].

Matinet a. [46] | Matin et a. reported on apilot trial of vascular targeted photodynamic therapy for renal
tissue [46]. Matin et a. provided theinitial proof of principle that justifies further preclinical
investigation of vascular targeted photodynamic therapy for renal malignancies [46].

Miuraet al. [47] | Miuraet a. reported on anew technique for improving visualization of mucosal lesions
during endoscopic photodynamic therapy [47].

Sutedja [48] Sutedja reported on photodynamic therapy in advanced tracheobronchial cancers[48].

Kato et al. [49] Kato et a. concluded that photodynamic therapy for early stage lung cancer was cost-
effective [49].

Okunakaet al. Okunaka et al. reported on lung cancers treated with photodynamic therapy and surgery [50].

[50] Okunaka et al. concluded that photodynamic therapy as preoperative laser irradiation could
contribute to the management of advanced lung malignancy [50].

McCaughan M cCaughan reported on photodynamic therapy for obstructive esophageal malignancies

[51] [51]. McCaughan concluded that photodynamic therapy for esophageal carcinoma caused

minimal complications and procedure related mortality and complete obstruction could be
relieved by the end of the photodynamic therapy endoscopy [51].

Miuraet al. [52]

Miuraet al. reported on progress of photodynamic therapy in gastric cancer [52].

MacCormack
[53]

MacCormack discussed on photodynamic therapy in dermatology [53].
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Table 2. Reportson photother apy for neonatal jaundice

Authors Details
Ostrow et al. [54] Ostrow et a. reported on phototherapy for neonatal jaundice [54].
Boo and Chew [55] Boo and Chew reported on a randomised control trial of clingfilm for prevention

of hypothermiain term infants during phototherapy [55].

Djokomuljanto et al. | Djokomuljanto et a. reported that efficacy of phototherapy for neonatal jaundice
[56] isincreased by the use of low-cost white reflecting curtains [56]. They noted that
Hanging white curtains around phototherapy units significantly maximized
efficacy of phototherapy in the treatment of neonatal jaundice without evidence
of increased adverse effects [56].

Yaseen et al. [57] Y aseen et al. said that prophylactic phototherapy was associated with a
significant reduction of total serum bilirubin in the first 48 hours of life but not
later on [57].

Bader et al. [58] Bader et a. reported on effect of phototherapy on cardiorespiratory activity

during sleep in neonates with physiologic jaundice [58]. Bader et al. found that
phototherapy could affect the cardiorespiratory activity during active sleep but
not during quiet sleep in term infants with physiologic jaundice [58].

Murki et al. [59] Murki et a. reported on a randomized, triple-blind, placebo-controlled trial of
prophylactic oral phenobarbital to reduce the need for phototherapy in G6PD-
deficient neonates [59].

Murki et a. concluded that prophylactic oral phenobarbital did not reduce the
need for phototherapy or exchange transfusions in G6PD-deficient neonates [59].
Mohammadzadeh et Mohammadzadeh et al. reported on supine versus turning position on bilirubin
al. [60] level during phototherapy in healthy term jaundiced neonates [60].

Turan et al. [61] Turan et a. reported on impact of phototherapy on vasoactive mediators [61].
Turan et a. found that the group of the neonates close or remote phototherapy
caused some body temperature, heart rate and blood pressure changes that were
not clinically significant and did not result in increased levels of vasoactive
mediators [61].

Quality of Life after PDT

Berr noted that PDT costed less and enhances quality of life and surviva time as
compared with chemotherapy [10]. Ortner et al. found that quality of life after PDT in
addition to stenting was significant higher than stenting alone [27]. Ortner et al. noted that
gality of life indices improved dramatically and remained stable after PDT [28]. They
concluded that there were clear evidences that PDT improved quality of life in the patients
with cholangiocarcinoma [28]. Many similar studies [31-32] also showed similar results in
quality of life improvement in cholangiocarcinoma patients after PDT. Orntner concluded
that PDT in non-resectable cholangiocarcinoma had considerable benefit on survival with a
good quality of life [32]. Berr suggested that PDT should be offered as part of the palliative
treatment of CC in hepatobiliary referral centers[10].

In summary, most previous reports confirmed the advantage of PDT in
cholangiocarcinoma. Improvements of survival period, biliary duct obstruction and quality of
life are mentioned [34]. By PDT it also seems probable to achieve an improvement of the
prognosis in cholangiocarcinoma [35]. As the result of PDT, improvement of quality of life



116 Viroj Wiwanitkit

by removing the jaundice, and its important consequence pruritus, is proper for the aim of
palliative therapy of malignant bile duct stenosis [35]. Wiedmann et al. said that this was of
great importance in those cholangiocarcinoma patients with short life expectancy and PDT
should therefore be offered to all patients with non resectable cholangiocarcinoma [33].
However, before initiating PDT or any other palliative measure, a proper staging and a
surgical consultation is needed to avoid missing a curative surgical option [33].

CLASSICAL PHOTOTHERAPY FOR NEWBORN

Neonatal jaundice is an important problem in medicine. Around 80 per cent of preterm
infants develop hyperbilirubinaemia and presented jaundice. Concerning the cause,
hyperbilirubinemia can be pre-hepatic, hepatic or post-hepatic originated. A common serious
cause is usually due to neonatal hemolytic episode, a case of pre-hepatic hyperbilirubinemia.
One of the most fatal unwanted of neonatal jaundice is kernicterus. Historically, the presence
of yellow staining and damage to the brain caused by unconjugated bilirubin Neonatal
jaundice is an important problem that requires proper management. Exchange transfusion
might be used. Administration of Phenobarbital is another alternative. However, one of the
most widely used methods is the phototherapy. This is classical practice in many neonatal
units. Important interesting reports on this topic will be presented in Table 2.
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Chapter X

GENE TRANSFER AND GENE THERAPY

INTRODUCTION TO GENOMICS
A. History of Genetics

At the starting point of this century genetics arose out of developmental history as the
science of the reasonable understanding of development [1]. The concept of the difference
between the possibility for a trait and the trait proper, between the genotype and the
phenotype, was clear only during the first decade of the century [2]. After Spemann's epochal
discovery, who aready rewarded with the Nobel Prize in 1935, of the organizer and the
beginning of the experimental analysis of developmenta fields, little or no progress was
derived until the last few years when a new emerging revolution appeared in developmental
biology [1]. The classical point of view prevailed into the 1930s, and conceived the gene as
an indivisible single item of genetic transmission, recombination, mutation, and function [3].
The discovery of intragenic recombination in the early 1940s and the setting of DNA as the
physical basis of inheritance resulted in the neoclassical concept of the gene, which prevailed
until the 1970s[3].

In the past, studying of the gene is not easy but very difficult. Genetic laboratory seems
to be a complex and mysterious field. The discoveries of DNA technology, beginning in the
early 1970s, have resulted in the second revolution in the concept of the gene in which none
of the classical or neoclassical criteria for the definition of the gene hold extremely true [4].
These are several new findings concerning gene repetition and overlapping, movable genes,
complex promoters, multiple polyadenylation sites, polyprotein genes, editing of the primary
transcript, pseudogenes and gene nesting [4]. Introduction of Southern, Northern and dot
blotting and DNA sequencing later in the 1970s considerably improved the diagnostic
capabilities [5]. Nevertheless, it was the new finding of the polymerase chain reaction (PCR)
in 1985 that resulted in an exponential blooming in molecular biology and the introduction of
practicable nucleic acid tests in the routine laboratory [5]. Blooming of molecular biology
leads to several simplified techniques for genetic studying. Finding amino acid sequence of a
gene can be easily done by basic sequencing technique.
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B. What is Genomics?

In a basic classical word, genomics is the study of genome. This is the first “omic”
science appeared in bioinformatics. The availability of a complete microbia genome
sequence in 1995 brought the first setting of a genomic era that has allowed medical scientists
to change the paradigm and approach vaccine development starting from genomic data [6].
The whole-genome perspective is expected to give an instrumental contribution to drug and
vaccine development, particularly to target those pathogenic agents for which the traditional
approaches have failed so far [7]. Combining pathogen genome sequences with the host and
vector genome sequences is promising to become a robust mean for the identification of host-
pathogen interactions [8]. In additional, comparative sequencing of related species, especially
of organisms used as model systems in the study of the pathogenic disorder, is starting to
realize its potential in the identification of genes that are involved in evasion of the host
immune response [8]. The root of genomics is genetics, which is a medical science with very
long history. However, the start of genomics is appeared in the post-genome era
Completeness of genome project is noted to be the starting point of genomics. Bioinformatics
has become an integral part of research and development in new advanced biomedical
sciences. The field of bioinformatics is at the heart point of functional and genomics and
advances will rely on the continuing evolution of toolsto interpret data[9].

C. Gene ldentification

It is quite common for molecular biologists to sequence genes or their fragments whose
functions are primarily unknown. To identify gene from these findings are the focus. cDNASs
is a useful basic application for gene identification. A cDNA library, containing clones for
thousands of genes, can be set using mRNA from almost any tissue from any species. When a
cDNA has been completely determined, it is referred to as an Expressed Sequence Tag
(EST). Since different genes are expressed in different tissues, at different points in
development, and under different environmental conditions, EST can assist to find out which
genes, and which biochemical pathways, are significant in different cellular contexts. The
technology of sequencing ESTs provides a relatively inexpensive alternative to whole
genome sequencing and has become a proper resource for gene discovery. Identification of
genes in a genomic DNA sequence can be presently done based on bioinformatics
techniques. Prediction of protein-coding genes is the first start for gene identification. The
next step is the computation prediction by software.

D. Concept for Gene Therapy

Gene therapy is an appication of gene knowledge on medical treatment. This is the new
hope in medicine. This can be a big jump for medical treatment. Concept of gene therapy has
been set for a few years. Gene therapy means usage of gene for treatment. Because gene is
the basic unit that will further transform the data into the expression via proteome. Therefore,
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modification and manipulation of gene can be the clue for treatment of many gene-based
disorder. This can be done at present. Based on the concept of gene therapy, the necessary
steps include 1) gene identification, 2) gene selection, 3) gene transfer and 4) monitoring of
result. Gene identification is the identification of problematic gene. This can be done by basic
gene knowledge and bioinformatics technique as previously mentioned. Gene selection is the
selection of appropriate gene aiming at function for treatment for each case. Gene tranfer is
the transferring of desired selected gene into the pathogeneic gene part. The fina step is
monitoring of treatment result which is the basic requirement for all medical treatments.

MEDICAL ETHICS FOR GENE THERAPY

Table 1. Someimportant reports on medical ethicsfor gene therapy

authors details
Ebbesen et al. Ebbesen et a. reported on ethical perspectives on RNA interference therapeutics
[10] [10]. Ebbesen et al. said that the ethical issuesin RNA interference therapeutics not

only included arisk-benefit analysis, but also considerations about respecting the
autonomy of the patient and considerations about justice with regard to the inclusion
criteriafor participation in clinical trials and health care allocation [10].

Jnetal. [11] Jin et al. discussed on ethics on gene therapy for liver disease [11].

Anderson [12] Anderson discussed on ethical preparedness and performance of gene therapy study
co-ordinators[12].

Kimmelman [13] | Kimmelman discussed on the ethics of human gene transfer [13]. Kimmelman said
that the main question were when to initiate human testing, the acceptability of
germline modification and whether the technique should be applied to the
enhancement of traits [13].

Kahn [14] Kahn discussed on informed consent for gene therapy [14].
Silber [15] Silber discussed on informed consent for gene therapy [15].
Bruce[16] Bruce discussed on moral and ethical issuesin gene therapy [16].

Bleijset al. [17] Bleijset a. discussed on gene therapy in the Netherland [17].

Because gene therapy is a new technology it is a focused area in medical ethics. Gene
therapy is a big question because the induction of mutation can bring uncontrollable disaster
if it has any defect. This is a good ethical dilemma scenario of the situation when science
intersects with standard ethical principles. Similar to stem cell therapy, the appropriate
solution must be a mid way position that would support the advancement of science for the
benefit of human, while maintaining the ethics. This balance status would be a key success
for sustainable science and society development for real application of gene therapy
technology. Another important notification is that gene therapy can be the invasion to god in
the context of religion. Can we modify the god's code? This is a very complicated issue.
Some important reports on medical ethics for stem cell therapy will be listed in Table 1.
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GENE TRANSFER

Gene transfer is an important step in gene therapy. This is the transferring of genetic
content to new site. Guo et a. said that natural and synthetic enhancer-promoters could be
used to drive gene transcription in a temporal, spatia or environmental signal-inducible
manner in response to heat shock, hypoxia, radiation, chemotherapy, epigenetic agents or
viral infection [18]. Guo et a. aso noted that a regulatabl e gene-expression system could also
be implemented to allow tightly regulated expression [18]. The vector is used for transferring.
Vilaboa and Voellmy noted that the most commonly considered gene switches that are
reviewed herein are based on small molecule-responsive transactivators derived from
bacterial tetracycline repressor, insect or mammalian steroid receptors, or mammalian
FKBP12/FRAP [19]. A wide variety of viral expression systems have been used and assessed
for their ability to transfer genes into somatic cells [20]. In particular, retroviral and
adenoviral mediated gene transfer was extensively studied [20]. Walther and Stein said that
preclinical and clinical studies covering a wide range of genetic disorders were underway to
solve basic issues dealing with gene transfer efficiencies, regulation of gene expression, and
potential risks of the use of viral vectors [20]. Some important reports on gene transfer will
be hereby presented in Table 2.

GENE THERAPY

A. Arbovirus and Gene Therapy

In addition to gene transfer, several arboviruses can be used for novel gene therapy.
Semliki Forest virus is the one that is frequently used for gene therapy. The CNS gene
therapy by Semliki Forest virus is widely researched. Tuittila et a. noted that induction of
proinflammatory cytokine mRNA in the CNS by SFV infection seemed to correlate with the
rate of vira replication and was not importantly influenced by the virus envelope or
nonstructural protein primary structure Semliki Forest virus [34]. They said that the outcomes
had relevance for development of CNS gene therapy vectors as SFV4 and A774 display
differences in CNS infection characteristics [34]. However, Graham et al. reported that the
current SFV1 vector system was limited in its property for CNS gene therapy by
neurotoxicity [35]. In addition to CNS gene therapy, the use of Semliki Forest virusin cancer
gene therapy is widely mentioned in the literature. It was observed that that recombinant
particles, naked RNA and plasmid DNA containing Semliki Forest virus replicons, could
demonstrate a strong immune response against recombinantly expressed proteins, which had
shown preventive action against tumor challenges [36]. Intratumoural injection of Semliki
Forest virus particles had led to tumor regression [36]. Colmenero et al. reported that
immunotherapy with recombinant Semliki Forest virus -replicons expressing the P815A
tumor antigen or interleukin-12 (IL-12) could lead to tumor regression [37]. Murphy et al.
reported an inhibition of human lung cancer cell growth by apoptosis induction using Semliki
Forest virus recombinant particles [38]. In their study [38], direct injection of rSFV into
H358a tumors subcutaneously implanted as xenografts in nu/nu mice inhibited tumor growth,
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and in some studied subjects caused absolute regression [38]. It is concluded that tumor
growth suppression induced by rSFV was owing to apoptosis induction and that the vector
has an inherent cell death-promoting and antitumor activity [38]. Asselin-Paturel et al.
reported that transfer of the murine interleukin-12 gene in vivo by a Semliki Forest virus
vector could lead to B16 tumor regression through inhibition of tumor blood vessel formation
monitored by Doppler ultrasonography [39]. In 2007, Lyons et a. reported a similar
observation in their study that active immunization with rSFV particles coding for VEGFR-2
could break immunological tolerance and could potentially be applied as part of a new
trestment for cancer [40]. They reported that co-immunization of mice with rSFV particles
encoding vascular endothelial growth factor receptor-2 (VEGFR-2) and IL-12 completely
abrogated both the antibody result and the antitumor activity [40]. Prevention of angiogenesis
by a Semliki Forest virus vector expressing VEGFR-2 reduces tumour growth and metastasis
in mice is proposed [41]. This result is similar to another report by Chikkanna-Gowda et al.
in 2005 [41]. Indeed, the induction of a therapeutic antitumor immunological response by
intratumoral injection of genetically engineered Semliki Forest virus to cause 1L-12 was
published by Yamanaka et a. since 2000 [42].

Sindbis virus is aso proposed for its effectiveness in gene therapy for several cancers
[43]. Hay noted that a recent report demonstrates that the Sindbis virus had significant
properties in three challenging areas of gene therapy - specificity, efficacy and delivery,
suggesting that Sindbis had the feasibility to become a good gene therapy vector for cancer
therapy [43]. Cancer immunotherapy by Sindbis virusis the new way in the cancer treatment.
Cheng et al. recently used the replication-defective vaccine vector Sindbis virus replicon
particles from a modern packaging cell line (PCL) to contruct Sindbis virus replicon particles
encoding careticulin (CRT) linked to a model tumor antigen, HPV 16 E7 protein [43]. Cheng
et al. created a recombinant Sindbis virus -based replicon particle encoding VP22 linked to a
model tumor antigen, human papillomavirus type 16 (HPV-16) E7, making use of a stable
SIN PCL [44]. According to this study, Sindbis virus replicon particles encoding careticulin
linked to a tumor antigen caused long-term tumor-specific immunity [44]. Cheng et al.
concluded that the CRT strategy used in the context of SIN replicon particles facilitated the
generation of a significantly effective vaccine for cancer prophylaxis and immunotherapy
[44]. Cheng et a. also indicated that the VP22, a herpes simplex virus type 1 (HSV-1)
tegument protein, strategy applied in the context of Sindbis virus replicon particles might
enhance the generation of a highly effective vaccine for widespread immunization [45].
Zhnag et al. reasoned that Sindbis-virus-based vectors might be good for gibbon ape
leukemia virus envel ope glycoprotein (GALV .fus) gene transfer because high-titer stocks can
easily be caused in hamster cells and Sindbis virus efficiently infects human tumor cells
through the high-affinity 67 kDa laminin receptor [46]. They reported that Sindbis vectors
expressing GALV.fus could be packaged into contagious vira particles to high titer,
exhibited potent bystander cytopathic activity and were active against U87 glioma xenografts
[28]. They concluded that Sindbis-virus-based replicons was efficient vector systems for
delivery and expression of fusogenic membrane glycoproteins [46]. In 1998, Swai and
Meruelo explored the possibility of designing a Sindbis virus vector that could attack human
choriocarcinoma cells via ligand-receptor interaction [47]. In this study, the hCG-envelope
chimeric virus vector had minimal infectivities against BHK cells and human cancer cells
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which did not pose LH/CG receptors on their surface [47]. Swai and Meruelo proposed that
the chimeric Sindbis virus vector may bring a novel approach for gene therapy of gestational
trophoblast disease and placental dysfunction [47]. Bergman attempted to construct a virus
that targeted specifically to breast cancer cells [48]. In their attempt, nonreplicating and
replicating pseudotype Vesicular stomatitis virus (VSV) were constructed whose only surface
glycoprotein (gp) was a Sindbis gp, called Sindbis-ZZ, modified to severely decrease its
native binding function and to contain the Fc-binding domain of Staphylococcus aureus
protein A [48]. Bergman et a. reported that vesicular stomatitis virus expressing a chimeric
Sindbis glycoprotein containing an Fc antibody binding domain could attack to Her2/neu
overexpressing breast cancer cells [48]. This work demonstrates the ability to easily create,
directly from plasmid components, an oncolytic replicating VSV with a restricted host cell
range [48]. Morizono et al. reported successful targeting in a living animal through
intravenous injection of alentiviral vector pseudotyped with a adapted chimeric Sindbis virus
envelope (termed m168) [49]. They found that m168 pseudotypes had high titer and high
targeting specificity and, unlike other retroviral pseudotypes, had low nonspecific infectivity
in hepatic and spleen [49]. According to this study, human P-glycoprotein was ectopically
demonstrated on the surface of melanoma cells and attacked by the m168 pseudotyped
lentiviral vector conjugated with antibody specific for P-glycoprotein. m168 pseudotypes
successfully attacked metastatic melanoma cells growing in the lung after systemic
administration by tail vein injection [50].

B. Adenovirus and Gene Therapy

In addition to gene transfer, adenovirus can be used for novel gene therapy [51].
Basically, adenovirus type 5 E1A gene as a potential therapeutic gene in breast and ovarian
cancer since 1995 by using cationic liposome as gene delivery system [51-58]. Therapeutic
transfer of DNA encoding adenoviral E1A isthe best scenario [52].

Deissler and Opalka said that therapeutic applications of E1A were covered by a series of
patents which include the description of small variants that could be used for tumor
suppression and E1A gene transfer in combination with conventional chemotherapy [52].
Liao et a. also reported on enhanced paclitaxel cytotoxicity and prolonged animal survival
rate by a nonviral-mediated systemic delivery of E1A gene in orthotopic xenograft human
breast cancer [53]. In addition, Zang et al. reported that adenovirus-type 5 Ela gene could
efficaciously prevent HER-2/neu-overexpressing ovarian cancer, and this promising
procedure could greatly benefit ovarian cancer patients with high expression of HER-2/neu
[54]. Yu et al. aso proposed that liposome-mediated in vivo E1A gene transfer suppressed
dissemination of ovarian cancer cells that overexpress HER-2/neu [55]. However, Xing et al.
reported on safety study and characterization of E1A-liposome complex gene-delivery
protocol in an ovarian cancer model [56]. Xing et al. reported that resistance of the E1A
DNA extracted from tissues to the digestion of Dpnl restriction enzyme, which could cleave
the methylated E1A plasmid DNA generated by methylation-competent bacteria, implied
possible integration of EIA DNA into the chromosome of the lungs and kidneys during
therapy and brought a question on safety of this protocol [56].
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Sang et a. said that E1A should be utilized to make continuous contributions not only to
a better understanding of the molecular mechanisms underlying the regulation of
transcription, cell division, apoptosis and tumorigenesis but also to modern therapeutics such
as gene therapy [57].

Table 2. Someimportant reportson genetransfer in gene therapy

authors

details

Goinset al. [21]

Goins et al. reported on construction and production of recombinant herpes
simplex virus vectors [21].

Lee and Mohapatra
[22]

Lee and Mohapatra reported on chitosan nanoparticle-mediated gene transfer [22].

Palmer and Ng [23]

Palmer and Ng reported on methods for the production of first generation
adenoviral vectors [23]. Palmer and Ng noted that

adenoviruses could efficiently infect awide variety of quiescent and proliferating
cell types from various speciesto direct high level viral gene expression and their
36 kb double-stranded DNA genome could be modified with relative ease by
classical molecular biology techniques, and could be readily propagated and
purified to yield high titer preparations of very stable virus [23].

Souied et al. [24]

Souied et al. reported on non-invasive gene transfer by iontophoresis for therapy
of an inherited retinal degeneration [24].

Kanemuraet al. [25]

Kanemura et al. reported on hepatocyte growth factor gene transfer with naked
plasmid DNA ameliorates dimethylnitrosamine-induced liver fibrosisin rats [25].

Bowman et al. [26]

Bowman et al. reported on gene transfer to hemophilia A mice viaora delivery of
FV1I1-chitosan nanoparticles [26].

Mdller et al. [27] Miller et al. reported on augmentation of AAV-mediated cardiac gene transfer
after systemic administration in adult rats [27].

Jnetal. [28] Jin et a. reported on adenovirus-mediated gene transfer of interleukin-23 shows
prophylactic but not therapeutic antitumor effects [28].

Feshe[29] Feshe reported on Clinical application of aretroviral gene transfer protocol based

on centrifugation-mediated vector preloading [29].

Moon et al. [30]

Moon et a. reported on efficient bone marrow transduction by gene transfer with
alogeneic umbilical cord blood serum and plasma: an implication for clinical
trials[30].

Sebestyén et al. [31]

Sebestyén et a. found that human TCR that incorporated CD3zeta could induce
highly preferred pairing between TCRalpha and beta chains following gene
transfer [31].

Santoni de Sio et al.
[32]

Santoni de Sio et a. found that the proteasome limited lentiviral gene transfer in
al stem cell types tested, including embryonic, mesenchymal and neural, both of
human and mouse origin [32].

Verhoeyen et al.
[33]

Verhoeyen et al. described the production of a new early acting cytokine
displaying vectors and the methodology to confirm the capacity of these vectors to
promote selective transduction of hematopoietic stem cells[33].
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C. Escherichia Coli and Gene Therapy

Escherichia coli is also applied for gene therapy. It is the most widely used non vira
vector [58]. Therapeutic benefits of E.coli —based gene modification have been observed in
vaccination against infectious diseases, immunotherapy against cancer, and topical delivery
of immunomodulatory cytokines in inflammatory bowel disease [59]. E.coli purine
nucleoside phosphorylase (PNP) which catalyzes the cleavage of 9-(2-deoxy-beta-D-
ribofuranosyl)-6-methylpurine (MeP-dR) is widely applied for gene therapy [60]. The
development of E. coli PNP anticancer gene therapy was the novel in this area[60]. Recently,
Ca et a. reported on experimental studies on PNP suicide gene therapy of hepatoma [61].
Ca et a. concluded that high-level bystander effects of this system resulted in significant
anti-tumor responses to hepatoma gene therapy, especialy in vivo [61]. Hughes et al. aso
reported on Bystander killing of melanoma cells using this system [62].
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Chapter XI

| MMUNOTHERAPY

WHAT 1S IMMUNITY? [1-8]

The word immunity is a basic medical word describing a specific system of human
beings. Immunity is a specific system dealing with the defensive mechanism. Everyday,
human body has to expose to several alien foreign bodies and some of these alien foreign
bodies are harmful and needs proper management. Immunity plays important roles for this
overall process. Considering defensive mechanism of human beings, there are 2 main parts
immunity and non-immunity portions. Non-immunity portion is a non specific process and
usually firstly act to any alien foreign bodies. Examples of non specific process are mucous
barrier and several reflexes. Considering immunity, it is a specific process. The hallmarks of
immunity consists of memory and specificity, therefore, the first exposure cannot generate
immunity. The immunity process can be divided into two main parts. humoral mediated
immunity and cellular mediated immunity. Humoral medicated immunity makes use of
humoral substance, antibody for action. Whereas cellular mediated immunity makes use of
cells, blood cells, for action. Of several cellsin blood stream, lymphocyte, T cell, B cell and
nonTnonB cell, are mentioned for cellular mediated immunity. These main kinds of
lymphocytes take important role in cellular immune process. T cell takes role for generation
of cytokine whereas B cell takes roles in antibody generation process.

As mentioned, immunity plays main roles in defensive mechanism. When aforeign body
enters into human body and pass non specific immune defensive mechanism process, it will
be further reacted by immunity. Destruction of foreign body can be seen via antibody system
with help of compliment or via cell mediated immunity process with help of cytokine. With
complete full function of immunity, pathogens or foreign bodies can be successfully
destroyed. However, in some cases, those aliens can conquer immune system process and this
will result in pathological conditions or diseases. Good examples are infections. With
complete perfect immunity, human will be helpful. However, extremely high immunity
process or hypersensitivity can be problematic. On the other hand, extremely low immunity
process of immunity or immunodeficiency can also be problematic.
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How CAN IMMUNITY BE APPLIED FOR TREATMENT?

As previously mentioned, immunity is useful for prevention, via destroying of foreign
body that enters or invades into the human body before it can generate further problems.
However, the present concept transform to the usage of immunity for medical treatment [9].
Schulte-Wissermann and Gardilcic wrote that this modification of immunity process would
be helpful [9]. The immunctherapy is a new highlight in immunology. There are many forms
of immune-related treatments. Important kinds will be hereby presented and briefly detailed.

A. Immunomodulation Therapy

Immunomodulation therapy is a new way of treatment making use of modification of
immunity system to help curative process of some diseases. This is widely used for several
treatments. More details can be further followed in the next part of this chapter.

B. Antibody Treatment

Antibody treatment is any treatment making use of administration of immunoglobulin or
antibody. This is famous for a long time. Direct passive immunization is the good example.
The most well-known situations are tetanus antitoxin injection and rabies immunoglobulin
for preventive and therapeutic purposes. More details can be also further followed in the next
part of this chapter.

C. Therapeutic Vaccination

Indeed vaccine is used for prevention and described as an active immunization. However,
the present role of vaccine changes to more usefulness in curative treatment process.
Therapeutic vaccination is the term used for this mentioned purpose. This specific kind of
immunotherapy will be further discussed in another chapter in this book.

D. Cytokine Treatment

Cytokine treatment or cytokine therapy is another mode of immune — related treatment.
Indeed, cytokine is aproduct in cellular process of cell-mediated immunity process. Cytokine
treatment is used for medical treatment of many diseases especially for many viral infections.
This is comparable to antibody treatment which makes usefulness of humoral immunity for
treatment. The details of cytokine therapy will be summarized and presented in the following
part in this chapter.
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E. Immunogene Therapy [10]

Immunogene therapy is the newest modification of immunotherapy. This is the
combination of the two concepts, immunotherapy and gene therapy. For more details on gene
therapy, the readers can be read in another chapter in this book.

IMMUNOMODULATION THERAPY

Immunomodul ation therapy can be performed with help of immunomodulator. There are
several kinds of immunomodulators that are available for medical usage at present [11-13].
The author hereby will summarize on details of some important well-known
immunomodulators.

A. Imiquimod [14]

Imiquimod is a new famous immunomodulative drug. Imiquimod is a new product
recently introduced to physicians. Imiquimod, an imidazoquinoline amine, is a new immune
response modifier agent recently approved for the local application in treatment of treatment
of external genital and perianal warts [15-24]. Compared with the other routine therapeutic
options for genital and periana warts, imiquimod is less complicated to use and can be self-
administrated by affected patients. Imiquimod poses no direct antiviral or antiproliferative
activity when tested in a number of cell culture systems. Its activity for anti-herpes virus
activity was accepted. One of the first analogs in the series, S -25059 was tested in the early
1980's and due to its dight toxicity, caused some reduction of pathology from herpes
infection in cell cultures [15-17]. The dosage form of imiquimod is cream, generally known
as ALDARA.(5) The chemical name of imiquimod is 1-(2-methylproply)-1 H-imidazol [4,5-
c] quinolin - 4 —amine and its primary molecular formulais C14H16N4 [14]. Different from
other immunomodulators, imiquimod is unique in that it activates immune function [25-38].
The exact mechanism of imiquimod's antiviral activity is not well described; however, its
effects are likely to be related to its immunomodulating properties. Although in vitro studies
have shown that imiquimod has no direct antiviral effects, the drug does exhibit antiviral and
antitumor properties in vivo through induction of cytokines in human peripheral blood
monocytes and increased cell-mediated cytolytic antiviral activity [25-38]. Imiquimod, and
its. Much of the biologic activity of imiquimod compounds can be attributed to stimulate the
innate immune response through the induction of cytokines and the cellular side of acquired
immunity, covering interferon-alpha (IFN-alpha), interferon-gamma (IFN-gamma), tumor
necrosis factoralpha, interleukins-1, -6, -8, -12 and others [14]. According to the animal
experimental study, the concentrations of interferon and tumor necrosis factor were higher at
the site of drug application than in skin from the cutaneous area from untreated animals [14].
Interferon-alpha mRNA levels were also increased in the cutaneous are of anima after
topical application of imiquimod [14]. Imiquimod could also €elevate interleukin-8
concentrations in human keratinocyte and fibroblast cultures [31,37]. But it did not lead to
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the transcriptional expression of inflammatory cytokines in human first trimester placental
trophoblasts [26]. Therefore, stimulation of production of cytokines by imiquimod in the skin
after local applications of the drug, may play a main function in its activity in genital wart
patients [25-38].

Imiquimod, as first-line therapy, is the most cost-effective intervention comparing to
other first-line or second-line aternative therapies. Therefore, consideration to use
imiquimod cream as the first regimen for anogenital warts therapy is set, owing to the cost
effectiveness [14]. The main clinical indication of imiquimod cream is for externa genital,
perianal warts and condyloma accuminata [14]. It is widely applied to treat the warts on
surface of the penis or vulva and around the anus. No absolute contraindication is mentioned
in the literature. But there is a'so no specific information from clinical trials for treatment of
vira infections at other sites. Therefore, it is presently not recommended for usage for
vaginal, cervix, rectal and ana infection in clinic [14]. The dermatological side effect at the
lesion is the most common reported side effect of imiquimod [39-40]. Redness, ulceration,
indurations, excoriation, flaking and edema can be observed. However, most of these skin
reactions are usually mild to moderate [14]. Local erythema wand itching is the most
common adverse reaction [39-40], but the main part of patients have no side effect or only
mild local inflammatory reactions. Severe skin reaction can be observed in the case of
imiquimod overdose [14].

Because imiquimod is a cytokine inducer, it can be successfully applied in the treatment
of genital warts, a common sexua transmitted disease as previously mentioned. Several
clinical trials have shown topical imiquimod to be effective and safe for the treatment of
anogenital warts [41-46]. In addition, in clinical settings, patients responded well and wart
recurrence rates appear to be lower than those reported for other classical therapies of genital
warts.(29 - 34) The respond rate ranges from 75 to 100 % [41-46]. From analysis of the levels
of expression of genes of the JAK/STAT signaling pathway and their inhibitors as well as
IRFs in pretreatment biopsy collected specimens by reverse transcription-PCR, it is
demonstrated that MRNA levels of signal transducer and activator of transcription 1 (STAT1)
and IRF1 were higher in complete responders than in incomplete ones. Incomplete ones
expressed larger amounts mRNA of STAT3, IRF2, and protein inhibitor of activated STAT1
(PIAS1) mRNAs compared to complete ones before imiquimod application. Therefore high-
level expression of STAT1 and IRF1 is useful for a better response [25-38]. Treatment with
imiquimod effectively elevates the mRNA level for interferon (IFN)-alpha, IFN-gamma and
2'5' oligoadenylate synthetase (2',5- AS) as well as a tendency towards the elevation of
tumor necrosis factor (TNF)-alpha and interleukin-12 p40 [14]. Notable increases in mRNA
for CD4 and a trend toward increases in CD8 are also observed in imiquimod-treated cases
[14]. Imiquimod administration is also related to a significant decreasein viral load as detectd
by HPV DNA and L1 mRNA [14]. The effects on HPV markers are believed to become
accompanied by an apparent reduction in mRNA expression for markers of cell proliferation
and an increase in mMRNA levels for biomarkers of keratinocyte differentiation and tumor
suppressors [14]. From, randomized, double-blind, placebocontrolled studies, tropical
imiguimod cream is effective and safe a self-administered therapy for external anogenital
warts when used 3 times aweek overnight for up to 4 months [14]. Furthermore, patients who
received tropical imiquimod cream has more eradication of all treated baseline warts than
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other routine means [14]. Comparing to other currently available means for clearance of
visible genital warts lesions, the failure rate, recurrence rate, and sideeffects of these
treatments are usually low [41-46]. Imiquimod can be applied as patient self-directed regimen
[14]. However, significant concerns in the use of this preparation included: firstly, patient
education specifically for those who had previously received ablative therapy; secondly, the
length of time that therapy would be continued prior to the patient was deemed to be a non-
responder to this cream [14]. Good patient compliance should a so be planned [14].

B. Levamisole

Levamisole, L-1-2, 3, 5, 6--tetrahydro-6- phenylimidazo (2, 1-b)-thiazol
monohydrochloride, is another widely used immunomodulative drug. This is mentioned in
many literatures for a long time. Levamisole is first introduced as a broad spectrum
anthelmintic, an immunotherapeutic agent with anti-anergic properties, and is the first
member of a potentiad new class of immunologicaly active, probably thymomimetic
compounds [47]. Senn et a. said that levamisole increased colony formation, and altered
colony-stimulating activity types detected in leucocyte-conditioned medium, makes this drug
a promising candidate for treatment of selected leukaemic states and in preleukaemia [48].
Amery and Gough said that the main application of levamisol for immunotherapy was for
immune deficiencies or as immune dysregulation syndromes such as rheumatoid arthritis and
cancer [49]. Levamisole can play as an antianergic chemotherapeutic agent as it restores cell-
mediated immunity in immunodepressed patients and extends the remission period [50]. It
can expand the number of long-term survivors when used as an adjunct to cytoreductive
therapy in several anima cancer experiment [50]. Levamisole can be absorbed from the
gastrointestinal tract and from injection site and is extensively distributed in all tissues [50].
Levamisole also stimulates phagocytosis by polymorphonuclear cells or macrophages when
added to the mentioned cells or given to donor animals and human beings [50-52]. Renoux
said that immunomodulators given by modifying the functions of the host cells involved in
defences against invaders, and the effectiveness of an immunotherapeutic drug relied on
characteristics of the individual host, therefore, therapy with this drug should be
individualized [53].

ANTIBODY TREATMENT

Antibody treatment makes use of administration of immunoglobulin or antibody for
curative purpose. This is famous for a long time for many diseases. Good examples are
tetanus, rabies and Kawasaki disease. Important interesting reports on antibody treatment will
be given asideato the readersin Table 2.
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Table 1. Important reports on levamisole asimmunomodulator
Authors Details

Levy [54] Levy reported on levamisole and cellular immunity in rheumatoid arthritis [54].
Reduced B cell function, immunoglobulin and autoantibody levels could be observed
with levamisole treatment [54].

Taki and Taki and Schwartz reported |evamisole as an immunopotentiator for T cell deficiency

Schwartz [55] [55].

Rosenthal et al. Rosenthal et al. reported on the effect of levamisole on peripheral blood lymphocyte

[56] subpopulations in patients with rheumatoid arthritis and ankylosing spondylitis [56].

Runge and Runge and Rynes discussed on balancing effectiveness and toxicity of levamisolein

Rynes [57] the treatment of rheumatoid arthritis [57]. Runge and Rynes said that because
effective doses were poorly tolerated, and tolerable lower doses were relatively
ineffective, |levamisole was not recommended as standard treatment of rheumatoid
arthritis [57].

Giulling et al. Giulling et al. reported on prediction of the effectiveness of levamisole

[58] immunotherapy by the sensitivity of blood lymphocytes to the drug [58].

Lvey [59] Levy reported on correlations of clinical and laboratory effects of treatment with
levamisole in autoimmune disease [59]. Levy concluded that laboratory studies of
lymphocyte mitogen response could help contribute towards better management of
patients receiving levamisole therapy [59].

Goebel et al. Goebel et d. reported on levamisole-induced immunostimulation in

[60] spondylarthropathies [60]. Goebel et a. concluded that levamisole might affect on

defective immunoregulation in spondylarthropathies and, by improving the clinical
conditions, led to a change in the course of this disease [60].

Fostiropoulos et
al. [61]

Fostiropoulos et al. reported on once weekly administration of levamisolein
rheumatoid arthritis [61]. Fostiropoulos et al. reported that once weekly was as
effective as 3-day-weekly administration of levamisole, but resulted in fewer side-
effects [61].

Verhaegen et al. | Verhaegen et al. reported on immunologic evaluation of rheumatoid arthritis and

[62] therapy with levamisole [62]. Verhaegen et a. said that |levamisole could restore cell-
mediated immune reactivity and modify the natural course of rheumatoid arthritis
[62].

Rosenthal et al. Rosenthal et al. reported on immunotherapy with levamisole in rheumatic diseases

[63] [63]. Rosenthal et al. concluded that this treatment demonstrated some potential
hazardous complications of the drug and required physical and laboratory
examinations at short intervals [63].

Pinalseta.[64] | Pinaset al. reported on a double-blind comparison of high and low doses of
levamisole in rheumatoid arthritis.
Pinals et a. concluded that levamisole was effective [64].

Seki et al. [65] Seki et al. studied on induction of E-rosette-promoting factor in human plasma by

levamisole [65]. Seki et a. concluded that |evamisole might mediate an increased
secretion of humoral factor with E-rosette-promoting activity, even from such a
rudimentary thymus as in the partial DiGeorge syndrome [65].

Skotnicki [66]

Skotnicki reported on agranulocytosis in patients with rheumatoid arthritis treated
with levamisole [66].
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Table 2. Important reports on antibody treatment

Authors

Details

Muhamudaet al.
[67]

Muhamuda et al. reported on use of neutralizing murine monoclonal antibodiesto
rabies glycoprotein in passive immunotherapy against rabies [67]. Muhamuda et al.
concluded that the new murine monoclonal antibodies were found to be 2,000 times
more potent than commercial ERIG in terms of effective protein concentration and
neutralizing titer [67].

Baba [68]

Baba reported on Effect of immunoglobulin therapy on blood viscosity and
potential concerns of thromboembolism focusing of Kawasaki disease [68]. Baba
said that although there was only afew epidemiologica data as to the prevalence of
thromboembolism associated with immunoglobulin therapy therapy, the occurrence
of these complications should be taken into consideration [68].

Kuo et a. [69]

Kuo et a. said that patient characteristics and intravenous immunoglobulin product
could affect eosinophilsin Kawasaki disease [69].

Khan et al. [70]

Khan et a. said that both patient characteristics and intravenous immunoglobulin
product-specific mechanisms could affect eosinophils in immunoglobulin-treated
Kawasaki disease [70].

Moreno et a. [71]

Moreno et a. reported on coronary involvement in infants with Kawasaki disease
treated with intravenous gamma-globulin [71]. Of interest, Moreno et al. observed a
high rate of infants who developed coronary arterial complications, which is similar
to the one reported in children who do not receive immunotherapy [71].

de Melker and
Steyerberg [72]

de Melker and Steyerberg reported on function of tetanusimmunoglobulin in case
of injury [72].

Miranda-Filho Dde
etal. [73]

Miranda-Filho Dde et al. reported on randomised controlled trial of tetanus
treatment with antitetanus immunoglobulin by the intrathecal or intramuscular route
[73]. Miranda-Filho Dde et a. concluded that patients treated with antitetanus
immunoglobulin by the intrathecal route showed better clinical progression than
those treated by the intramuscular route [73].

CYTOKINE TREATMENT

Cytokine treatment makes use of administration of cytokine for curative purpose. Thisis
famous for a long time for many diseases. Good examples are hepatitis virus infections.
Important interesting reports on cytokine treatment will be given as idea to the readers in

Table 3.
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Table 3. Important reports on cytokine treatment
Authors Details
Hedegaard et al. Hedegaard et al. reported on the effect of beta-interferon (IFN) therapy on myelin
[74] basic protein-elicited CD4+ T cell proliferation and cytokine production in

multiple sclerosis [74].

Hwang and Gausas | Hwang and Gausas reported on arcoid-like granulomatous orbital inflammation

[75] induced by |FN-alphatreatment [75].

Eggermont et al. Eggermont et al. reported that adjuvant pegylated IFN alfa-2b for stage I11
[76] melanoma had a significant, sustained effect on recurrence-free survival [76].
Badr et al. [77] Badr et al. suggested that poly-functionality of HCV-specific T cells could be

predictive of the outcome of acute HCV and that early therapeutic intervention,
IFN-alpha, antiviral therapy, could reconstitute the pool of long-lived poly-
functional memory T cells[77].

Bolewskaet al. [78] | Bolewskaet a. studied on IFN apha, gamma, omega before and during treatment

of chronic hepatitis C with pegylated interferon alpha and ribavirin [78]. Bolewska
et al. found that there was no correlation in IFN alpha, gamma and omega
concentrations with efficacy of antiviral treatment [78].

Adamek et al. [68] Adamek et al. studied on long-term viral response to IFN apha 2b plusribavirin in

chronic HCV patients during standard therapy
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Chapter XllI

THERAPEUTIC VACCINATION

INTRODUCTION TO VACCINE [1-15]

Vaccine is a specific important tool in medicine. Due to the principle of immunity,
human beings require immune to defend any alien foreign bodies. However, immunity cannot
be functional if there is no previous exposure. This means it has to be a memory before
immune generation or the human beings must experience previous foreign bodies’ invasion.
However, in some cases, immunity is dslightly generated and cannot fight with external
invasion of align foreign bodies and this brings mortality and morbidity. Therefore,
simulating the invasion of align foreign bodies to prepare for real invasion is needed and very
useful. This is the concept of vaccination. Vaccination is defined as a primary prevention.
Vaccine can prevent before real existence. Vaccine is a mode of simulating interaction as
previously described.

Vaccination is classified as an active immunization. This means tit makes uses of human
beings physiological process to create immune by itself. There are several vaccine at present.
Recommendation for vaccination might be different in different settings. Expanded Program
on Immunization (EPI) is the basic public health one in al countries. With use of vaccine,
controls of many infectious diseases are feasible. Pox is an example of infectious disease that
can be controlled by vaccine. This infection is already got rid of by succeed in global
vaccination. The presently widely used vaccine include rabies vaccine, measles vaccine,
rubella vaccine, Japanese encephalitis vaccine, hepatitis B vaccine, hepatitis A vaccine,
influenza vaccine, varicella vaccine, pneumococcal vaccine, pertussis vaccine, diphtheria
vaccine, BCG and toxiod. However, at present, there are attempts to develop more vaccines
for real clinical usage/. Thisisthe aim of preventive medicine. In addition, there are attempts
to develop vaccine for expanded usefulness. This is the origin of therapeutic vaccine. Thisis
the new trend to use vaccine as treatment tool. This is classified as immunotherapy. The
details of this new way of immunotherapy will be further detailed and discussed in this
chapter. To produce a therapeutic vaccine, it might be a basic knowledge on biotechnology
and immunology. More details on this item can be seen in this chapter.
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How CAN THERAPEUTIC VACCINE AcCT? [1-15]

Therapeutic vaccinations is used for treatment, therefore, it must have the property for
curative purpose. The concept for therapeutic vaccine makes uses of basic immunology
principle and how the therapeutic vaccine can act can be explained by basic principles of
vaccination. Vaccination is basically administered among recipients aiming at active immune
generation. This means the vaccine itself stimulates the immune system of the recipient to
generate immunity that can be used for further defensive mechanism. This can be also
applied for the case of therapeutic vaccination. For therapeutic vaccination, the vaccine is
also applied aiming at stimulation of active immunity generation, however, it is administered
when the recipient already has got disease. Other processes are same as classical vaccination.
Producing of immunity is the tool for treatment of pathological disorders and this is the am
of application of therapeutic vaccination as previously said. This is the concept that alerts
medical scientists to find new therapeutic vaccines, to design and to launch the new ones for
real clinical usage. Some important examples and an example on specific therapeutic
vaccination research will be given to the readers in this chapter to make better understand on
thistopic.

IMMUNOMICS

Immumomics is the modern omics science. Routinely, the outstanding diversity of
immune system components together with the complex apperance of the regulatory pathways
and network-type interactions come immunology a combinatorial science [16-17].
Immunomics starts from immunoinformatics [18]. Computational analysis is an essential
element of immunology research with a maor role of immunoinformatics being the
management and analysis of immunological data [16]. More advanced analyses of the
immune system making use of computational models typically involve conversion of an
immunological question to a computational problem, followed by solving of the
computational problem and translation of these results into biologically meaningful solutions
[16]. Main immunoinformatics developments cover immunological databases, sequence
analysis, structure modeling, mathematical modeling of the immune system, simulation of
laboratory experiments, statistical support for immunological experimentation and
immunogenomics [16]. Basically immunoinformatics will look at immunological databases,
antigen processing and presentation, immunogenomics, host-pathogen interactions, and
mathematical modeling of the immune system [19-20]. Human and mouse genome and
transcriptome projects have broadened the field of immunogenetics beyond the traditional
study of the genetics and evolution of MHC, TCR and Ig loci into the modern
interdisciplinary area of immunomics [20]. Basically, a high-throughput approach permitting
correlation between newly discovered genes and functional properties of their protein
products has yet to be developed [21]. To show relationships between tens of thousands of
genes and their cognate proteins, modern interdisciplinary technologies need to emerge [21].
Immunomics is the work of the molecular functions associated with al immune-related
coding and non-coding mRNA transcripts [20]. It is noted that advance techniques in
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immunomics will foster development of new diagnostic, immune-based treatment, and
vaccine programs [22]. Aims of present molecular epidemiology study on infectious diseases
and cancer [23-26] are closely related to the field of immunomics. The aim of these
researches was a) to molecularly determine the circulating pathogenic strains, b) to follow up
aterations in regulatory and coding sequences over time and c) to choose a representative
pathogenic strain as template for vaccine development. Circulating pathogenic strains can be
detected by the previously mentioned biotechnology technique. Persistence of many
molecular forms and changing proportions over time can be imagined. Phylogenetic analysis
of sequences to identify molecular forms, their relationships, proportions at each visit, and
fluctuations over time can be useful for researching alterations. Relied on extensive sequence
analysis of various pathogen isolates and molecular cloning of selected virtually full length
genomes, necessarily dominating pathogen types can be found to circulate throughout a
setting. The most identified type with minimal genetic drift can be chose as template for the
design of vaccines.

DEVELOPMENT OF NEW VACCINE

Development of new vaccine is the new way for non curative malignancy and new
emerging infectious diseases prevention and treatment. New vaccines can be searched using a
wide range of technologies, yielding items ranging from nonspecific immunostimulants
through to highly technical peptide- and DNA-based candidates [27]. There are severd
technical challenges involved in even the most basic decisions in vaccine development, such
as the choosing of antigen, formulation, adjuvant, route of delivery and schedule [27].
Routinely, vaccine development includes determining the epitope of targeted protein,
development of recombinant and test for its efficacy. Routinely, this process starts from in
vitro works to in vivo researches (from animal model to human clinical researches). Paul et
al. said that the same vaccination strategies applied for prophylactic vaccinations against
infectious diseases could not necessarily be applied for therapeutic cancer vaccination [28].
They aso said that cancer patients were commonly immunosuppressed and most cancer-
associated antigens were self-antigens, making it an important challenge to vaccinate patients
against a cancer-associated antigen [28]. The aim of new vaccine is to evoke active immunity
in the vaccinees. Basically, both humoral and cellular immune responses are focused.
Humoral immune response assist destroy malignany cells via circulating antibodies and
cellular immune response assist destroy malignant cells via cytotoxic and cytokine processes.
In addition to the classical immunological technique, with advent in bioinformatics,
development of modern cancer vaccine can be done by advanced in silico techniques.

1. Finding Epitope
To find a peptide candidate for a vaccine, the starting point is to find appropriate epitpes.

Different means for epitope mapping are available at present [29]. It should be noted that
synthetic peptide vaccines aiming at the induction of a protective response against malignant
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disorders are widely trialed but despite their success in animal experiments they do not yet
live up to their promise in humans [30]. Mapping for possible epitopes seems to be a difficult
step. The evidence accumulating from severa recent studies points to a broader range of
targets recognized than previously imagined, in terms of both numbers and characteristics of
the targeted antigens [31]. Also, multiple studies reveal a substantial variation in the targets
recognized in different human individuals [31]. To solve the problem of heterogenicity, many
new computational tools are developed for finding of probable candidate vaccine epitopes.
Prediction of both T cell and B cell epitopes for further cancer vaccine development can be
easily done. For example, Wiwanitkit used a computational technique to detect T-cell
epitopes for a melanoma vaccine by an immunomics technique [32]. Wiwanitkit also
performed another similar study to predicted B-cell epitopes of HER-2 oncoprotein by a
bioinformatics mean to be a clue for breast cancer vaccine development [33].

2. Establishment of new Vaccine Recombinant

Establishment of new vaccine recombinant from alternative epitope is the additional next
process. This can be done based on roles of artificia genetic recombinant. To develop
modern genetic recombinant, advanced gene delivery and transfer technique can be used. Of
several techniques, gene transfer by virus or transfection in the most widely applied. For
example, Trevor e a reported their successful work in transduction of human dendritic cells
with a recombinant modified vaccinia Ankara virus encoding MUC1 and IL-2 [34]. In
addition to the basic artificial genetic recombinant generation, it can be performed by in silico
mutating mean. An in silico template for new vaccine recombinant can easily available by
classical mutation in sequence coding.

3. Trial for new Vaccine Efficacy

Trial for the vaccine efficacy isthe last step of vaccine development. This can be done as
the mentioned process in the heading of research into cancer vaccine. Clinical trials should be
done prior to rea generalization of the new vaccine. In order to decrease the long phase of
clinical trial, the applied usage of advanced medical informatics technology, gene ontology
[35], can assist predict the function or phenotypic expression of new developed vaccine.
Schonbach et al. noted that support of vaccine development through textmining needed the
timely development of domain-specific extraction rules for full-text articles, and a knowledge
model for epitope-related information [36]. In order to test the new vaccine efficacy, another
advanced bioinformatics technique can be helpful. To test the modern recombinant, gene
ontology can be served. Routinely, function and other information concerning genes are to be
captured, made accessible to biologists or structured in a computable form as a new sight
[37]. Gene ontology is the modern “logy” for this propose. Gene ontology is a scientific word
applied to describe the biology of a gene product in any organism. It also implies the
description of the molecular functions of gene products, the corresponding placement in and
as cellular components, and the participation in biological processes [38]. Since much of
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biology works by applying previously known knowledge to an unknown entity, the
application of a set of axioms that will bring knowledge and the complex biological
information stored in bioinformatics databases are necessary [38]. These often need addition
of knowledge to specify and constrain the values held in that database and a track of
capturing knowledge within bioinformatics applications and databases is the use of
ontologies [38]. Since the early of this century, the Gene Ontology (GO) Consortium has
been detected. The aim of the GO Consortium is to bring and create a framework for both the
description and the organization of such information [39]. The Gene Ontology (GO) project
find the way to provide a set of structured vocabularies for specific biological domains that
can be applied to describe gene products in any organism [40]. The research includes
building three extensive ontologies to describe molecular function, biologica process, and
cellular component, and giving a community database resource that supports the use of these
ontologies [40]. In the present day, gene ontology can also be used for advance research in
medicine and can be useful for testing of new vaccine.

APPLICATION OF IMMUNONICS FOR THERAPEUTIC VACCINE
RESEARCH

As previously mentioned, immunomics can be applied for therapeutic vaccine research.
BCG and its effect on prostate cancer antigen 1 by a gene ontology study is hereby presented
as an example.

A. Introduction

Prostate cancer is an important cancer in male population. It is the most common cancer
in male populations in many parts of the world. It is a Slowing growing deadly cancer with
only a few signs and symptoms in the early stage of disease [41]. Causes of the disease are
essentially not known, although hormonal factors are involved, and diet may increase an
indirect influence; some genes, potentialy involved in hereditary prostate cancer (HPC) have
been identified [42]. A suspect of prostate cancer may derive from increased serum prostate-
specific antigen (PSA) values and/or a suspicious digital rectal examination (DRE) finding
[42]. However, there is insufficient evidence to either help or refute the routine use of mass,
selective or opportunistic screening compared to no screening for reducing prostate cancer
fatality [43].

Identifying the genetic factors involved in prostate carcinogenesis is critical. A gene,
designated prostate cancer antigen-1 shows high mRNA expression in prostate cancer [44].
Prostate cancer antigen 1 becomes a specific new marker for prostate cancer. In addition,
Prostate cancer antigen 1 may also serve as a therapeutic target molecule for prostate cancer
[44]. For treatment, prostatectomy is a standard therapeutic method. However, there are other
additional treatments. BCG (Bacillus of Camette Guerin) has been in use for more than 20
years and is currently the most active agent for superficial bladder cancer therapy [45].
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Intravesical BCG therapy is effective in prophylaxis after transurethral resection of papillary
tumours and in the therapeutic process of carcinomain situ (cis) [45].

To study the interaction between BCG treatment and prostate cancer antigen 1, the new
development in bioinformatics can be applied. Here, the author used a new gene ontology
technology to predict the change in molecular function resulting from the combination
between BCG and prostate cancer antigen 1.

B. Materials and Methods

For getting the sequence, the database PubMed was used for information mining of the
amino acid sequence for BCG and prostate cancer antigen 1. Prediction of molecular function
and biological process was further done. The author performs prediction of molecular
function and biological process of BCG and prostate cancer antigen 1 using a novel gene
ontology prediction tool, GoFigure [46]. GoFigure is an computational algorithm tool which
is recently used in gene ontology [46]. The tool accepts an input DNA or protein sequence,
and uses BLAST to identify homologous sequences in GO annotated databases [46]. The
approach isto apply a BLAST search to identify homologs in public databases that have been
annotated with gene ontology terms [47]. These terms include: SwissProt, Flybase
(Drosophila), the Saccharomyces Genome Database (SGD), Mouse Genome Informatics
(MGI) and Wormbase (nematode) [47]. The contents of the results will show outcomes for
molecular function as well as biological process of the studied protein [47]. The prediction of
molecular function were presented and compared.

C. Results

From searching of the database, sequence of BCG and prostate cancer antigen 1 can be
got and used for further study. Using GoFigure server, the molecular functions in BCG,
prostate cancer antigen 1 and combination between BCG and prostate cancer antigen 1 are
predicted. The molecular functions in a combination between BCG and prostate cancer
antigen 1 is presented in Figure 1.

D. Discussion

New developments have forced are-evaluation of our understanding on cancer treatment.
Immunological treatment is the novel mode of cancer therapy. For prostate cancer, BCG was
introduced to be atool of treatment for along time. BCG is established for localized bladder
cancer and many experimental immunotherapies are under evaluating processes [47]. Saitoh
et a. found that reduction of telomerase activity is related to the mechanism of BCG effects
[48]. Here, the author studied the change in molecular function of prostate cancer antigen 1
treated with BCG. The gene ontology technique is used. This technique is a new concept and
used in some recent molecular biological studies [49-50]. Of interest, the combination
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between both molecules affect majorly on cytoskeletal system. This finding can be a good
explanation for the effectiveness of BCG in treatment of prostate cancer. Indeed, the
cytoskeletal is the present target for treatment of solid tumor and anticancer drug
development presently tacks on cytoskeletal stabilization [51]. However, further experimental
studies are needed before making a conclusion on this topic. The finding in this study is not
only supports the previous knowledge on BCG but also gives the new view on the therapy of
prostate cancer.
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Figure 1. The molecular functions in a combination between BCG and prostate cancer antigen.

THERAPEUTIC VACCINE AT PRESENT

We can observe that the therapeutic vaccine is aiming at curative of non curable disease
especially cancers. There are many ongoing researches on this area.
The author hereby presents examples of such researchesin Table 1.
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Table 1. Application of immunomicsfor therapeutic vaccine resear ch
Authors Details

Huebener et Huebener et al. reported for the first time effective therapeutic vaccination followed by suppression of

a. [52] established spontaneous neurobl astoma metastases applying atyrosine hydroxylase (TH) DNA
minigene vaccine [52]. Huebener et al.

Showed effective therapeutic vaccination against neuroblastomawith anovel rationally designed TH
minigene vaccine without induction of autoimmunity giving an important baseline for future clinical
application of this strategy [52].

Wheeler et Wheeler et al. said that therapeutic vaccination was an intriguing additional therapy for glioblastoma

al. [53] multiforme [53]. Wheeler et al.
firstly reported a progressive correlation between cancer clinical outcome and T-cell responsiveness
after therapeutic vaccination in humans and the first tracing of such correlation to therapeutically
exploitable tumor alteration [53].

Wansley et Wansley et a. reported that vaccination with arecombinant Saccharomyces cerevisiae expressing a

a. [54] tumor antigen could break immune tolerance and led to therapeutic antitumor responses [54]. In this
work, Wansley et al. found that vaccination with a heat-killed recombinant yeast expressing the tumor-
associated antigen CEA could induce CEA -specific immune responses, decrease tumor burden, and
expand overall survival in CEA-Tg mice [54].

Quenelle et Quenelle et a. reported on effect of an immune enhancer, GPI-0100, on vaccination with live

al. [55] attenuated herpes simplex virus (HSV) type 2 or glycoprotein D on genital HSV-2 infections of guinea
pigs[55].

Smahel et al. | Smahel et al. reported on enhancement of T cell-mediated and humoral immunity of beta-

[56] glucuronidase-based DNA vaccines against HPV 16 E7 oncoprotein [56]. Smahel et al. reported that
this mean led to the predominant localization of the fusion protein in the endoplasmic reticulum and
enhancement of CD8+ T-cell response, while antibody production was decreased [56).

Park et al. Park et al. reported that codelivery of PEG-IFN-alphamight inhibit HCV DNA vaccine-induced T cell

[57] responses but not humoral responsesin African green monkeys [57].

Mehendale Mehendale et al. reported on a phase 1 study to evaluate the safety and immunogenicity of a

et al. [58] recombinant HIV type 1 subtype C adeno-associated virus vaccine [58].

Romero[59] | Romero reported on current state of vaccine therapiesin non-small-cell lung cancer [59]. Romero said
that the vaccines usually tacked two main antigens widely expressed in lung carcinomas. melanoma-
associated antigen 3, acancer testis antigen; and mucin 1, an antigen overexpressed in alargely
deglycosylated form in advanced tumors [59].

Zhang et al. Zhang et al. reported on cloning and expression of Vibrio harveyi OmpK* and GAPDH* genes and

[60] their potential application as vaccinesin large yellow croakers Pseudosciaena crocea [60].

Cipriani et Cipriani et a. mentioned for the potential of genetic vaccines for the therapeutic treatment of

al. [61] malignancies and suggested probabl e predictive biomarkers to be further validated in the clinic for the
follow-up of vaccinated cancerous patients [61].

Waites et . Waites et al. reported on revaccination of adults with spinal cord injury using the 23-valent

[62] pneumococcal polysaccharide vaccine [62].

Rossi et al. Rossi et al. reported that allogeneic melanoma vaccine expressing alphaGal epitopes could bring

[63] antitumor immunity to autologous antigens in mice without signs of toxicity [63].

Amato et al. Amato et a. reported on an attenuated vaccinia virus, modified vaccinia Ankara engineered to deliver

[64] the tumor antigen 5T4 (TroVax) [64].

Redman et Redman et a. reported on phase |b trial assessing autologous, tumor-pulsed dendritic cells as avaccine

al. [65] administered with or without IL-2 in patients with metastatic melanoma [65]. Redman et a. found that
the studied autologous tumor lysate-pulsed DC vaccine with or without IL-2 was well tolerated and
immunogenic but failed to induce clinical response in patients with advanced melanoma [65].

Geetal.[66] | Geetal. reported on the antitumor immune responses induced by nanoemulsion-encapsul ated

MAGE1-HSP70/SEA complex protein vaccine following peroral administration route [66].
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Chapter XIlI

CHAPERONE

WHAT 1S CHAPERONE?

Terminology, chaperone means an adult who takes care of one or more unmarried men or
women during social occasions. But this is not the medical specific meaning. In medicine,
chaperone therapy is a new concept. Helping or assisting on other molecules is also the ways
that chaperone acts. This term is primarily used in molecular biology. “How do chaperones
operate in cells?” isabig scientific question [1]. Saibil said that recent advances were giving
an improved understanding of the nature of chaperone interactions with their non-native
substrate proteins [1].

Burston and Clarke said that chaperones could be broadly defined as proteins which
interact with non-native states of other protein molecules and this activity was significant in
the folding of newly synthesized polypeptides and the assembly of multisubunit structures;
the maintenance of proteinsin unfolded states fit for translocation across membranes; and the
stabilization of inactive appearances of proteins which are switched on by cellular signals;
and the stabilization of proteins unfolded during cellular stress [2]. Hartl said that different
types of molecular chaperones, such as the members of the Hsp70 and Hsp60 families of
heat-shock proteins, participate in a coordinated pathway of cellular protein folding [3-4].

Basically, Hsp70 proteins are central components of the cellular network of molecular
chaperones and folding catalysts and these proteins could help a large variety of protein
folding actions in the cell by transient relation to their substrate binding domain with short
hydrophobic peptide segments within their substrate proteins [5-8]. Hsp90 is another
molecular chaperone related to the folding of signal-transducing proteins, such as steroid
hormone receptors and protein kinases [5-8]. Hsp90 contributes to several discrete
subcomplexes, each having distinct groups of co-chaperones that function in folding
pathways [5-8]. Wegele et al. said that the chaperones Hsp70 and Hsp90 might have a
function in the folding and maturation of key regulatory proteins, like steroid hormone
receptors, transcription factors, and kinases, some of which were related to cancer
progression [7]. They noted that Hsp70 and Hsp90 construct a multichaperone complex, in
which both are jointed by athird protein called Hop and such connection of and the interplay
between the two chaperone machineries was of significant importance for cell viability [7].
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Callebaut et al. noted that domain |11, common to the hsp60s and hsp70s was also found in
the hsp90s and adopts a beta-al pha-beta Rossmann-folded structure which was enrolled in the
NAD-binding domain of dehydrogenases [8]. They noted that the hsp molecules could act as
unfoldases by disrupting secondary structures through redox reactions on the main
polypeptidic chain with which these molecules interact [8].

Table 1. Important reports on treatment using HSP70

Authors Details

Jimbo et al. [12] Jimbo et al. reported on induction of leukemia-specific antibodies by
immunotherapy with leukemia-cell-derived HSP70 [12].

Chakraborty et a. [13] Chakraborty et al. reported that resveratrol induces apoptosisin K562
(chronic myelogenous leukemia) cells by targeting akey survival protein,
HSP70[13].

Ren et a. [14] Ren et al. reported on down-regulation of mammalian sterile 20-like kinase 1
by HSP70 mediated cisplatin resistance in prostate cancer cells [14].

Mizukami et a. [15] Mizukami et a. said that both CD4+ and CD8+ T cell epitopes fused to heat
shock cognate protein, HSP70 could function to eradicate tumors [15].

Zhou et . [16] Zhou et a. reported that dynamics and mechanism of HSP70 trang ocation
was induced by photodynamic therapy treatment [16].

Bocci et al. [17] Bocci et al. reported that ozonation of human blood could bring a
remarkable upregulation of heme oxygenase-1 and HSP70 [17].

Kottke et al. [18] Kottke et a. reported that induction of hsp70-mediated Th17 autoimmunity
could be exploited as immunotherapy for metastatic prostate cancer [18].

Chang et a. [19] Chang et al. reported on cancer immunotherapy using irradiated tumor cells
secreting HSP70 [19]

Phillips et al. [20] Phillips et al. reported on triptolide induces pancresatic cancer cell death via
inhibition of HSP70 [20].

CHAPERONE THERAPY

Chaperone therapy is a new concept of molecular therapy making use of chaperone.
Modification of the folding is the action that brings therapeutic activity of chaperone.
Guzhova said that since Hsp70 was found to disturb many signal pathways of apoptosisin
many points, the high chaperone expression could lead to an increased resistance of tumor
cells to anticancer drugs [9]. A 17-alylamino-17-demethoxygeldanamycin (17-AAG) is an
anticancer agent currently in clinical trials [10]. This molecule represents a class of drugs, the
benzoquinone ansamycin antibiotics, capable of binding and disrupting the function of
Hsp90, leading to the depletion of multiple cancerous proteins [10]. Goetz et a. concluded
that the Hsp90 chaperone complex was a novel target for cancer therapy [10]. Heike et al.
noted that gp96, HSP70, and HSP0 are complexed to adiverse array of cellular proteins and
peptides as a consequence of their chaperone functions [11]. Heike et al. said that these heat
shock proteins complexes could be use in vaccines [11].



Chaperone 161

A. Treatment using HSP70

As previously mentioned, there are attempts to apply HSP70 in treatment. Important
reports will be quoted and discussed in Table 1.

Table 2. Important reports on treatment using HSP90

Authors

Details

Sauvageot et al. [21]

Sauvageot et al. reported on efficacy of the HSP90 inhibitor 17-AAG in human
gliomacell lines and tumorigenic glioma stem cells [21].

Shimamuraet al. [22]

Shimamuraet a. reported that Hsp90 inhibition could inhibit mutant EGFR-
T790M signaling and overcomes kinase inhibitor resistance [22].

Hurtado-L orenzo and
Anand [23]

Hurtado-L orenzo and Anand reported that HSP90 could modify LRRK 2
stability and this finding implies potentials for Parkinson's disease treatment
[23].

Holmes et al. [24]

Holmes et dl. reported that silencing of HSP90 cochaperone AHA 1 expression
reduced client protein activation and expanded cellular sensitivity to the HSP90
inhibitor 17-allylamino-17-demethoxygel danamycin [24].

Chatterjee et a. [25]

Chatterjee et al. reported that HSP90 inhibitors could attenuate L PS-induced
endothelial hyperpermeability [25].

Sawai et dl. [26]

Sawai et a. reported that inhibition of Hsp90 down-regulated mutant epidermal
growth factor receptor (EGFR) expression and sensitized EGFR mutant tumors
to paclitaxel [26].

Hemdan and Almazan

(27]

Hemdan and Almazan reported that dopamine-induced toxicity was
synergistically potentiated by simultaneous HSP-90 and Akt inhibition in
oligodendrocyte progenitors [27].

Chandarlapaty et al.
(28]

Chandarlapaty et al. reported that SNX2112, a synthetic HSP90, had potent
antitumor activity against HER kinase-dependent cancers [28].

B. Treatment using HSP9O0

As previously mentioned, there are attempts to apply HSP0 in treatment. Important
reports will be quoted and discussed in Table 2.

C. Treatment using gp96

As previously mentioned, there are attempts to apply gp96 in treatment. Important
reports will be quoted and discussed in Table 3.
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Table 3. Important reportson treatment using gp96

Authors Details

Liuetal. [29] Liu et a. reported on enhancement of cancer radiation therapy by use of adenovirus-

mediated secretable glucose-regulated protein 94/gp96 expression [29].

Baker-LePain et | Baker-LePain et al. said that glucose-regulated protein 94/glycoprotein 96 could elicit
al. [30]

bystander activation of CD4+ T cell Thl cytokine production in vivo [30].

Romisch [31] Romisch reported that anti-bacterial defense relies on chaperone gp96 [31].

[1]
[2]
3]
[4]
(5]
(6]
[7]
(8]
[9]
[10]
[11]

[12]

[13]

[14]

REFERENCES

Saibil HR. Chaperone machines in action. Curr Opin Struct Biol. 2008 Feb;18(1):35-
42.

Burston SG, Clarke AR. Molecular chaperones: physical and mechanistic properties.
Essays Biochem. 1995;29:125-36.

Hartl FU. Principles of chaperone-mediated protein folding. Philos Trans R Soc Lond
B Biol Sci. 1995 Apr 29;348(1323):107-12.

Hartl FU, Martin J. Molecular chaperones in cellular protein folding. Curr Opin
Struct Biol. 1995 Feb;5(1):92-102.

Hartl FU, Martin J. Hsp70 chaperones: cellular functions and molecular mechanism.
Cell Mol Life Sci. 2005 Mar;62(6):670-84.

Bukau B, Horwich AL. The Hsp70 and Hsp60 chaperone machines. Cell. 1998 Feb
6,92(3):351-66

Wegele H, Miller L, Buchner J. Hsp70 and Hsp90--a relay team for protein folding.
Rev Physiol Biochem Pharmacol. 2004;151:1-44. Epub 2004 Jan 23.

Caplan AJ. Hsp90's secrets unfold: new insights from structural and functional
studies. Trends Cell Biol. 1999 Jul;9(7):262-8.

Guzhova IV, Novoselov SS, Margulis BA. Hsp70 chaperone and the prospects of its
application in anticancer therapy. Tsitologiia. 2005;47(3):187-99.

Goetz MP, Toft DO, Ames MM, Erlichman C. The Hsp90 chaperone complex as a
novel target for cancer therapy. Ann Oncol. 2003 Aug;14(8):1169-76.

Heike M, Noll B, Meyer zum Bulschenfelde KH. Heat shock protein-peptide
complexes for use in vaccines. J Leukoc Biol. 1996 Aug;60(2):153-8.

Jimbo J, Sato K, Hosoki T, Shindo M, Ikuta K, Torimoto Y, Kohgo Y. Induction of
leukemia-specific antibodies by immunotherapy with leukemia-cell-derived heat
shock protein 70. Cancer Sci. 2008 Jul;99(7):1427-34.

Chakraborty PK, Mustafi SB, Ganguly S, Chatterjee M, Raha S. Resveratrol induces
apoptosis in K562 (chronic myelogenous leukemia) cells by targeting a key survival
protein, heat shock protein 70. Cancer Sci. 2008 Jun;99(6):1109-16.

Ren A, Yan G, You B, Sun J. Down-regulation of mammalian sterile 20-like kinase 1
by heat shock protein 70 mediates cisplatin resistance in prostate cancer cells. Cancer
Res. 2008 Apr 1;68(7):2266-74.



Chaperone 163

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Mizukami S, Kgjiwara C, Ishikawa H, Katayamall, Yui K, Udono H. Both CD4+ and
CD8+ T cell epitopes fused to heat shock cognate protein 70 (hsc70) can function to
eradicate tumors. Cancer Sci. 2008 May;99(5):1008-15

Zhou F, Xing D, Chen WR. Dynamics and mechanism of HSP70 translocation
induced by photodynamic therapy treatment. Cancer Lett. 2008 Jun 8;264(1):135-44.
Bocci V, Aldinucci C, Mosci F, Carraro F, Valacchi G. Ozonation of human blood
induces a remarkable upregulation of heme oxygenase-1 and heat stress protein-70.
Mediators Inflamm. 2007;2007:26785.

Kottke T, Sanchez-Perez L, Diaz RM, Thompson J, Chong H, Harrington K,
Calderwood SK, Pulido J, Georgopoulos N, Selby P, Melcher A, Vile R. Induction of
hsp70-mediated Thl7 autoimmunity can be exploited as immunotherapy for
metastatic prostate cancer. Cancer Res. 2007 Dec 15;67(24):11970-9.

Chang CL, Tsa YC, He L, Wu TC, Hung CF. Cancer immunctherapy using
irradiated tumor cells secreting heat shock protein 70. Cancer Res. 2007 Oct
15;67(20):10047-57.

Phillips PA, Dudegja V, McCarroll JA, Borja-Cacho D, Dawra RK, Grizzle WE,
Vickers SM, Saluja AK. Triptolide induces pancreatic cancer cell death via inhibition
of heat shock protein 70. Cancer Res. 2007 Oct 1;67(19):9407-16.

Sauvageot CM, Weatherbee JL, Kesari S, Winters SE, Barnes J, Dellagatta J,
Ramakrishna NR, Stiles CD, Kung AL, Kieran MW, Wen PY . Efficacy of the HSP90
inhibitor 17-AAG in human glioma cell lines and tumorigenic glioma stem cells.
Neuro Oncol. 2008 Aug 5. [Epub ahead of print]

Shimamura T, Li D, J H, Haringsma HJ, Liniker E, Borgman CL, Lowell AM,
Minami Y, McNamara K, Perera SA, Zaghlul S, Thomas RK, Greulich H, Kobayashi
S, Chirieac LR, Padera RF, Kubo S, Takahashi M, Tenen DG, Meyerson M, Wong
KK, Shapiro Gl. Hsp90 inhibition suppresses mutant EGFR-T790M signaling and
overcomes kinase inhibitor resistance. Cancer Res. 2008 Jul 15;68(14):5827-38.
Hurtado-Lorenzo A, Anand VS. Heat shock protein 90 modulates LRRK?2 stability:
potential implications for Parkinson's disease treatment. J Neurosci. 2008 Jul
2;28(27):6757-9.

Holmes JL, Sharp SY, Hobbs S, Workman P. Silencing of HSP90 cochaperone
AHA1 expression decreases client protein activation and increases cellular sensitivity
to the HSP9O inhibitor 17-allylamino-17-demethoxygeldanamycin. Cancer Res. 2008
Feb 15;68(4):1188-97.

Chatterjee A, Snead C, Yetik-Anacak G, Antonova G, Zeng J, Catravas JD. Heat
shock protein 90 inhibitors attenuate L PS-induced endothelia hyperpermeability. Am
J Physiol Lung Cell Mol Physiol. 2008 Apr;294(4):L755-8.

Sawa A, Chandarlapaty S, Greulich H, Gonen M, Ye Q, Arteaga CL, Sellers W,
Rosen N, Solit DB. Inhibition of Hsp90 down-regulates mutant epidermal growth
factor receptor (EGFR) expression and sensitizes EGFR mutant tumors to paclitaxel.
Cancer Res. 2008 Jan 15;68(2):589-96.

Hemdan S, Almazan G. Dopamine-induced toxicity is synergistically potentiated by
simultaneous HSP-90 and Akt inhibition in oligodendrocyte progenitors. J
Neurochem. 2008 May;105(4):1223-34.



164

Viroj Wiwanitkit

[28]

[29]

[30]

[31]

Chandarlapaty S, Sawai A, Ye Q, Scott A, Silinski M, Huang K, Fadden P, Partdrige
J, Hall S, Steed P, Norton L, Rosen N, Solit DB. SNX2112, a synthetic heat shock
protein 90 inhibitor, has potent antitumor activity against HER kinase-dependent
cancers. Clin Cancer Res. 2008 Jan 1;14(1):240-8.

Liu S, Wang H, Yang Z, Kon T, Zhu J, Cao Y, Li F, Kirkpatrick J, Nicchitta CV, Li
CY. Enhancement of cancer radiation therapy by use of adenovirus-mediated
secretable glucose-regulated protein 94/gp96 expression. Cancer Res. 2005 Oct
15;65(20):9126-31.

Baker-LePain  JC, Sarzotti M, Nicchitta CV. Glucoseregulated protein
94/glycoprotein 96 elicits bystander activation of CD4+ T cell Thl cytokine
production in vivo. J Immunol. 2004 Apr 1;172(7):4195-203.

Romisch K. Anti-bacterial defense relies on chaperone gp96. Trends Biochem Sci.
2001 Nov;26(11):644.



INDEX

A

AAV, 127, 129

abdominal, 110

abnormalities, vii, 1, 2, 10

absorption, 18, 19, 20, 33, 112

accelerator, 36, 75, 81

access, 4, 6, 11, 47, 53, 73, 74, 80

accessibility, 4

accidental injury, 44

accidents, 4

accounting, 73

accreditation, 57, 89

accuracy, ix, 31, 33, 75

acid, 49, 54

acquired immunity, 135

activation, 89, 91, 109, 161, 162, 163, 164

active site, ix, 32

acute, xii, 3, 7, 8, 44, 59, 65, 71, 95, 96, 99, 100,
110, 113, 140, 144

acute lung injury, 99

acute rejection, 59, 65

adaptation, 22, 35

additives, 97

adenine, 97, 98, 105

adenocarcinoma, 36, 41

adenovira vectors, 127, 129

adenovirus, 57, 62, 126, 127, 156, 162, 164

adenoviruses, 127

adjunctive therapy, 112

administration, 15, 19, 28, 58, 61, 73, 79, 96, 97,
100, 101, 109, 126, 127, 129, 130, 134, 136, 137,
138, 139, 143, 144, 154, 158

adolescents, 59, 65

adult, xiv, 10, 47, 58, 61, 66, 84, 89, 100, 117, 127,
129, 155, 159

adult population, 155

adults, 65, 100, 154, 158

age, 2, 73, 79, 96, 97, 100, 105, 110

ageing, 2, 10

agent, 35, 56, 57, 135, 137, 151, 157, 160

agents, 6, 35, 39, 96, 124, 141

aging, 97

agonist, 34

agranulocytosis, 138

agriculture, 11

aid, 44

AIDS, 142, 158

aanine, 96

aanine aminotransferase, 96

Albert Einstein, ix, 31

alemtuzumab, 59

agorithm, 90, 152

dien, xiii, xiv, 14, 96, 133, 147

aliens, xiv, 133

akaling, 111, 117

akaline phosphatase, 111, 117

akaline phosphatase (ALP), 111

alergy, 94, 99

aloantibodies, 97, 102

alogeneic, 47, 53, 57, 63, 86, 127, 129, 154

alograft, 45, 64

alografts, 45

alopecia, 35

ALP, 111

apha, xv, 70, 135, 136, 140, 144, 145, 154, 158, 160

ALT, 96

aternative, ix, 18, 22, 31, 34, 36, 40, 46, 49, 60, 75,
86, 103, 104, 116, 117, 122, 136, 150

aternative medicine, 40



166

Index

alternatives, 45, 51, 75

amine, 135

amino, xiii, 121, 152

amino acid, xiii, 121, 152

amplitude, 158

amyloid, 58, 64

analgesia, 72, 78

analgesic, 9

analog, 142

analytical models, 22

anaphylaxis, 99

anatomy, 74

androgen, 71, 77

anemia, 97, 99, 100, 105

ANG I, 34, 39

angiogenesis, 114, 119, 125, 130

angiogenic, 110, 114

angiography, 81

angioplasty, 74, 80

angiotensin, 34, 39

angiotensin 11, 34

animal models, 21

animals, ix, 32, 59, 135, 137

ankylosing spondylitis, 138, 143

annotation, 29, 156

anomalous, 35

anthropology, 2, 10

anti-bacterial, 26, 162

antibiotics, 9, 160

antibody, xiii, 34, 38, 39, 58, 95, 125, 126, 131, 133,
134, 137, 139, 154

anticancer, 20, 24, 26, 128, 131, 153, 160, 162

anti-cancer, 28

anticancer drug, 20, 153, 160

anticoagulants, 87, 97, 100

anticoagulation, 97

antigen, 18, 26, 72, 73, 76, 79, 81, 95, 97, 118, 124,
125, 130, 131, 148, 149, 151, 152, 153, 154, 157,
158

anti-HIV, 62

anti-inflammatory, 47

antioxidant, 37

antipyretic, 9

antitoxin, 134

antitumor, 110, 125, 127, 129, 130, 135, 154, 157,
158, 161, 164

anti-tumor, 128

antiviral, 135, 140, 141, 142

antiviral therapy, 140, 141

anus, 136

aplasia, 102

apoptosis, 110, 114, 116, 118, 124, 127, 130, 160,
162

apoptosis resistance, 116

application, viii, x, xi, xii, 10, 13, 14, 15, 16, 19, 20,
22,28, 33, 34, 37, 43, 47, 48, 69, 70, 73, 74, 75,
85, 89, 109, 110, 118, 122, 123, 127, 129, 135,
136, 137, 142, 148, 151, 154, 155, 158, 162

agueous suspension, 19

argument, 4, 103

arteriovenous malformation, 75, 81

artery, 61, 66

arthritis, 138

artificial, 15, 22, 103, 150, 155

ascites, 110

asexual, 56

aspergillosis, 63

aspiration, 87, 88

assessment, 6, 12, 16, 36, 40, 61, 73, 76, 144

associations, 2

asthma, 3

atomic theory, ix, 31

atoms, ix, 31, 32

ATP, 98

aria, 47

attachment, 48

attacks, 7

attention, viii, 2, 3, 87, 89

autoantibody, 138

autoimmune, 7, 138, 143

autoimmune disease, 7, 138, 143

autoimmunity, 59, 65, 154, 160, 163

autonomy, 85, 123

autopsy, 104

availability, 17, 122

- 8 1

B cell, xiii, 21, 133, 138, 150
babies, 100, 102

Bacillus, 151, 157

back pain, 75, 81

bacteria, 6, 9, 126

bacterial, 8, 9, 26, 57, 98, 102, 124, 140, 164
bacterial infection, 9

banking, 86, 87, 88, 89, 92, 93
banks, 56, 86, 87, 89, 97
barrier, x, xiii, 19, 43, 76, 133
barriers, 5, 16, 19

Bax, 40

B-cell, 60, 150, 156



Index

167

BCG, xiv, 147, 151, 152, 153, 157

beams, 36, 41

behavior, ix, 5, 24, 26, 31, 34

beneficial effect, 35

benefits, 7, 58, 128, 155

benign, 61, 66, 75, 76, 80, 81, 109, 118

benzoquinone, 160

beta, xv, 70, 127, 128, 129, 140, 144, 154, 158, 160

bilateral, 3, 45

bile, 111, 112, 113, 114, 116, 118

bile duct, 111, 112, 113, 114, 116, 118

biliary obstruction, 111, 113, 117

biliary tract, 110, 112, 117

bilirubin, 35, 111, 113, 115, 120

binding, xv, 15, 34, 38, 39, 89, 90, 91, 94, 126, 131,
159, 160

bioactive, 102

bioavailability, 20

biochemical, vii, 1, 71, 122

biochemistry, 140

biocompatibility, 19

biodegradable, 15, 19, 49, 54

bioethics, 11, 85, 91

bioinformatics, vii, 1, 21, 27, 50, 89, 122, 123, 149,
150, 152, 156, 157

biologic, 35, 96, 135

biological, vii, viii, ix, X, 1, 8, 13, 18, 19, 21, 23, 27,
29, 32, 34, 35, 36, 38, 39, 41, 43, 44, 48, 150,
152, 156

biological macromolecules, 18

biological processes, 150

biological systems, 35, 38

biologically, 148

biology, X, xiii, 18, 26, 27, 34, 38, 43, 51, 104, 121,
150

biomacromolecules, 34

biomarker, viii, 13, 96, 114, 119

biomarkers, 16, 96, 114, 136, 154

biomaterial, 47, 48, 54

biomaterials, 48, 51, 53

biomedical, xi, 16, 23, 25, 33, 48, 49, 54, 55, 86, 122

biomedical applications, 16, 25

biomolecules, 44, 48

biophysical, 18

biopolymer, v, xi, 43, 48, 49, 54

biopolymers, xi, 43, 49

biopsy, 136

biopsychosocial model, 7

biosensors, 16

biotechnology, vii, xiv, 15, 85, 147, 149

birth, xii, 83, 86, 87, 88, 96, 100, 102

birth weight, 96, 101

black, viii, 31

bladder, 152, 157

bladder cancer, 152, 157

blastocyst, 85, 86

bleeding, 74, 98, 100, 101

blood, xii, xiii, 14, 20, 25, 37, 47, 53, 57, 63, 76, 81,
83, 85, 86, 87, 88, 89, 92, 93, 95, 96, 97, 98, 99,
100, 101, 102, 103, 104, 105, 106, 115, 125, 130,
133, 138, 139, 142, 143, 144, 160, 163

blood collection, 85, 87, 88, 93

blood flow, 92

blood group, 76, 81, 95

blood pressure, 115

blood stream, xiii, 101, 133

blood supply, 103

blood transfusion, xii, 63, 95, 96, 99, 101, 105, 106

blood transfusion reaction, 106

blood transfusions, xii, 95, 99, 105, 106

bloodstream, 20

body composition, 2

body massindex, 72

body temperature, 115

body weight, 2

Bohr, ix, 31, 38

bone, xii, 25, 45, 49, 51, 57, 62, 83, 84, 86, 87, 96,
98, 101, 127, 129

bone marrow, xii, 25, 57, 62, 83, 84, 86, 87, 96, 98,
101, 127, 129

bone marrow aspiration, 85

bone marrow transplant, 57, 62, 96

bottleneck, 17

bottom-up, 20, 28

brachytherapy, 70, 72, 78, 79, 80

brain, 56, 63, 71, 75, 77, 81, 116

brain abscess, 56, 63

brain tumor, 75

BRCA1, 157

breast, 36, 41, 45, 51, 52, 71, 77, 126, 131, 150, 156

breast cancer, 36, 41, 71, 77, 126, 131, 150, 156

broad spectrum, 137

bronchial asthma, 35

bronchial epithelia cells, 157

bronchiolitis, 59, 65

bronchitis, 59

Buddhism, xi, 83

Buddhist, 104

buffer, 97

Buffy coat, 106



168

Index

building blocks, 18, 27
burn, 7, 45, 47, 52, 53
burns, 52, 100

bypass, 100, 112
bystander effect, 128

. c

ca*, 110

cadaver, 56, 62

cadmium, 34

calreticulin, 125, 130

cancer, viii, xv, 7, 13, 16, 20, 21, 22, 24, 26, 27, 28,
35, 36, 37, 39, 41, 45, 52, 57, 70, 71, 76, 79, 109,
110, 111, 112, 114, 116, 117, 118, 119, 124, 125,
126, 128, 130, 137, 141, 149, 150, 151, 152, 154,
159, 160, 162, 164

cancer cells, 109, 112, 114, 116, 117, 118, 125, 126

cancer progression, xv, 159

cancer treatment, 37, 71, 125, 152

cancerous cells, 14

cancers, 7, 16, 70, 111, 114, 119, 125, 153, 161, 164

candidates, xii, 83, 149

capacity, 127

caprolactone, 19, 28, 114, 118

carbon, 7

carbon monoxide, 7

carcinogenesis, 151

carcinoma, 71, 72, 75, 77, 78, 80, 110, 114, 116,
130, 152

carcinomas, 154

cardiac output, 61, 66

cardiology, 46, 59

cardiomyopathy, 58, 64

cardiovascular, 20, 35, 96

cardiovascular disease, 20, 35

cardiovascular system, 96

carrier, 15, 26, 28, 48, 54, 57, 62

cartilage, 47, 49, 53, 54, 84

case study, ix, X, 9, 14, 16, 19, 20, 31, 32

caspases, 110

catabolism, 44

catalytic, 34

catalytic effect, 34

catheter, 58, 74, 113

CD20, 73

CD34, 87

CD34+, 87

CD4, 59, 65, 136, 140, 144, 160, 162, 163, 164

CD8+, 145, 154, 160, 163

CDA, x, 32

cDNA, 122

CEA, 154

cell, vii, viii, xii, xiii, xiv, xv, 13, 16, 25, 28, 34, 37,
46, 47, 48, 49, 50, 51, 53, 58, 64, 71, 78, 83, 84,
85, 86, 87, 88, 89, 91, 92, 93, 94, 96, 97, 98, 100,
101, 105, 109, 110, 112, 114, 118, 123, 124, 125,
127, 129, 130, 133, 134, 135, 136, 137,
138,00154, 157, 158, 159, 160, 161, 162, 163

cell culture, 135

cell cycle, 89, 91, 93, 94

cell death, 48, 89, 125, 160, 163

cell division, 127

cell fate, 91

cell growth, 124, 130

cell line, 28, 84, 86, 91, 112, 114, 118, 125, 157,
161, 163

cell lines, 86, 91, 112, 118, 157, 161, 163

cell metabolism, 37

cellular immunity, 138, 143

cellular therapy, 47

Centers for Disease Control (CDC), 57, 60, 62

central nervous system, 63

cerebral palsy, 35

cervical, 70, 71, 72, 77, 78

cervical cancer, 70, 72, 78

cervical carcinoma, 71, 77

cervix, 72, 78, 136

channels, vii

chaperones, xiv, xv, 159, 162

chemical, vii, viii, ix, 1, 2, 13, 20, 32, 34, 37, 38, 44,
51, 135, 141

chemical approach, 51

chemical sensing, 34, 38

chemicals, ix, 32

chemistry, ix, 32, 48

chemotherapeutic agent, 16, 137

chemotherapy, 10, 14, 70, 71, 77, 78, 102, 115, 124,
126

childhood, 3, 60

children, 2, 3, 11, 24, 57, 59, 60, 64, 65, 66, 96, 100,
106, 139

chimerism, 47

chitosan, 127, 129

chitosan nanoparticles, 127, 129

cholangiocarcinoma, 110, 111, 112, 113, 115, 117,
118

cholangitis, 110, 111, 113

cholestasis, 111, 112

chondrocytes, 49, 54

choriocarcinoma, 125, 131



Index

169

chromatin, 89, 93

chromosome, 126

chronic, 2, 10, 59, 65, 67, 74, 80, 85, 97, 100, 102,
140, 145, 160, 162

chronic disease, 2, 10

chronic disorders, 85

chronic kidney disease, 59, 65

chronic myelogenous, 160, 162

circulation, xii, 19, 83, 85, 92

cisplatin, 71, 77, 160, 162

cisplatin resistance, 160, 162

civilian, 99

classes, 35

classical, vii, ix, X, xii, xiii, 1, 8, 31, 32, 34, 35, 37,
56, 70, 71, 72, 75, 84, 109, 116, 121, 122, 127,
136, 148, 149, 150

classification, 8

classified, xi, xiv, 7, 69, 147

cleavage, 128

clinical, viii, xiv, 5, 8, 9, 12, 13, 15, 21, 22, 27, 29,
33, 35, 36, 41, 45, 46, 47, 49, 53, 54, 57, 58, 59,
60, 62, 64, 65, 67, 71, 77, 80, 85, 86, 96, 99, 102,
103, 105, 110, 123, 124, 127, 128, 129, 131, 136,
138, 139, 141, 143, 147, 148, 149, 150, 154, 157,
160

clinical symptoms, 110

clinical trial, 36, 41, 49, 71, 77, 123, 127, 128, 129,
136, 141, 150, 160

clinical trials, 36, 49, 71, 77, 123, 127, 128, 129,
136, 141, 160

clinicaly significant, 115

cloned embryos, 86

clones, 122

cloning, 17, 18, 26, 84, 86, 91, 149, 154

CMV, 57, 58, 62, 97

CNS, 56, 124, 130

CO02, 47,53

co-activators, 89

coagulation, 98, 99, 101, 103, 105

coagulation factor, 98, 99, 101, 103, 105

coagulation factors, 98, 101, 103

coagulopathy, 99

coding, 122, 125, 148, 150

cognitive, 22, 29

cognitive process, 22

collaboration, 8

collagen, 15, 48

collateral, 14

colloids, 19, 28

colon, 110

commercia, 85, 87, 92, 139

commissure, 45, 51

communication, 2

communities, 5, 6, 11

community, 4, 5, 6, 151

comorbidity, 111

compaction, 89

compartment syndrome, 60, 65

competition, 4

complement, 89

complementary, 40

compliance, 37, 137

complications, 14, 57, 63, 70, 76, 102, 110, 113,
114, 138, 139

components, x, xv, 32, 96, 97, 101, 102, 104, 105,
126, 148, 150, 159

composite, 15

composition, 20, 21

compositions, ix, X, 32

compounds, 16, 135, 137

computation, x, 32, 122

computed tomography, 36, 40

computer, 2, 18, 21, 26, 27

computer simulations, 2

concentrates, 98, 103

concentration, 21, 110, 139

conception, ix, 31

conduction, 58, 64

condyloma, 136

confidentiality, 86

conflict, 3, 10

conformity, 36

confrontation, 104

consensus, 103

consent, 128, 129

constraints, ix, 31

construction, viii, 6, 13, 14, 15, 16, 17, 18, 19, 21,
22, 23, 26, 27, 28, 29, 48, 57, 127

consumer surplus, 4

consumers, 4, 5, 6

consumption, 102

contamination, 88, 98

continuing, 5, 122

contracture, 45

contrast agent, 21, 39

control, 16, 19, 20, 22, 36, 44, 57, 71, 72, 75, 80, 87,
93, 101, 115, 119

controlled, xiv, 19, 28, 54, 59, 65, 76, 89, 91, 115,
120, 139, 142, 144, 147

convergence, X, 22, 29, 43



170 Index

conversion, 98, 148 D

copolymer, 19, 28, 49, 114, 118 \—,I
copolymer micelles, 114, 118 dataanalysis, 18

cord blood transplant, 87, 92 datamining, 18

Corepsrhf: 91, 94 database, 18, 57, 90, 151, 152
core- .19, 34 de novo, 47, 53

comea, 25 death, i, 7, 55, 61, 93, 100, 103
corneal transplant, 56, 57 decisions. 93 149

corpora_tlons 87 decomposition, x, 32
correlat!on, X, 2, 3, 32, 34, 38, 114, 140, 148, 154 decontamination, 47, 53
correlations, 138 defects, 15, 47, 49, 53, 54, 101
corticosteroids, 61 defense. 4 12. 162, 164

cost effectiveness, 54, 136 deficiency, 45, 52, 100, 105, 138, 143
cost-effective, 15, 33, 36, 76, 114, 136 definition, xifi 15, 37. 121

COStS,seI?" 36,41, 76, 81, 155 deformation, 15
counseling, 87 degenerative conditions, 85
coupling, 34, 45, 52 degradation, 20

covering, viii, 13, 124, 135 degree, 5, 19, 60, 87

COX-2, 109 dehydrogenases, xv, 160

CPD, 97 delivery, 15, 16, 18, 19, 20, 22, 24, 25, 27, 87, 93,
critically ill, 100 112, 117, 125, 126, 127, 128, 129, 131, 149, 150
cross-linking, 15 democracy, 22

CRP, 98 demographic, 2

CRT, 1_25 demography, 2

crystalline, 19 dendritic cell, 150, 154, 156, 158

culture, 8, 49 dengue, 7

curfe\ble, 15, 153 dengue fever, 7

curing, 85

density, x, 32, 38

density functional theory, x, 32
dentistry, xi, 14, 35, 40, 43, 46, 48
dermatological, 72, 136

dermatology, 35, 38, 39, 114, 119, 141
destruction, 3, 14, 44, 46, 109, 113
detection, 59, 89

developed nations, viii, 2

developing countries, viii, 2, 10
development assistance, 3
developmental process, xii, 83
dextrose, 97

diabetes, 7, 16, 45, 52

diabetes insipidus, 7

diabetes mellitus, 16

diagnostic, viii, xiii, 13, 18, 24, 26, 33, 104, 121, 149

current limit, 35

cyclooxygenase, 109, 116

cyclooxygenase-2, 109, 116

cyclosporine, 59, 65

cystic fibrosis, 59, 64, 65

cystitis, 57, 62

cysts, 111

cytochrome, 110

cytokine, xiii, xiv, 124, 127, 133, 134, 136, 139, 140,
141, 142, 144, 149, 162, 164

cytokines, 128, 130, 135, 142

cytomegalovirus, 57

cytomics, vii, 1

cytoplasm, 15

cytoprotective, 73, 79

cytoreductive therapy, 137

dialysis, 60
cytosol, 110 diarrhea, 96
cytosolic, 20, 110 diet, 151

cytotoxic, 109, 114, 118, 149

o differentiation, xi, 25, 55, 101, 136
cytotoxicity, 112, 126, 131

digestion, 48, 126
dignity, 6, 12, 23, 84
dilation, 74



Index

171

diphtheria, xiv, 147

disability, 9, 44, 46

disaster, 123

disease progression, 158

diseases, xi, 4, 6, 7, 8, 9, 15, 21, 35, 43, 56, 96, 100,
110, 111, 117, 134, 149, 155

disorder, 6, 14, 16, 35, 44, 70, 72, 122, 123

disseminated intravascular coagulation, 100

distal, 88, 110

distribution, 18, 36

diuretic, 97

diversity, 87, 148

D-mannose, 25

DNA, xiii, 15, 17, 90, 94, 121, 122, 124, 126, 127,
129, 130, 131, 136, 149, 152, 154, 157, 158

DNA sequencing, xiii, 121

doctors, 103

donor, xii, 47, 56, 57, 58, 59, 61, 64, 65, 66, 84, 85,
86, 87, 88, 93, 95, 96, 97, 102, 103, 137

donors, 3, 56, 57, 62, 63, 86, 102

dopamine, 161

doppler, 45, 51, 125, 130

dosage, x, 19, 33, 97, 135

dosimetry, 36, 40, 73, 75, 79, 80, 81, 114

dosing, 20

down-regulation, 160

drainage, 6, 56, 63, 113

Drosophila, 152

drug action, 20

drug carriers, 24, 28

drug delivery, 16, 18, 19, 20, 26, 27, 28, 29

drug delivery systems, 28

drug design, 16, 18, 26, 27

drug discovery, 50

drug metabolism, 27

drug release, 20, 28

drug therapy, 16

drug treatment, 35

drugs, 17, 19, 20, 24, 26, 27, 28, 50, 160

duration, 112

dysplasia, 114

dysregulation, 137

&

E. coli, 128

E2F, 89, 90, 91, 93, 94
E7, 125, 154, 157, 158
ears, 45

eating, 2

eating behavior, 2

economic, viii, 2, 3,4, 6

economic development, 4, 6

economic growth, 3

economic status, 3

economics, 6, 10

ectropion, 45, 52

edema, 136

education, 56, 137

efficacy, ix, 16, 21, 22, 31, 58, 64, 73, 79, 100, 109,
113, 114, 115, 125, 140, 149, 150, 158, 161

EGFR, 161, 163

egy, 84, 86, 91

Einstein, ix, 31, 38, 140

eadticity, 15

elastin, 48

elderly, 5, 58

electrical, vii, ix, x, 1, 31, 43, 70

electrical power, vii, 1, 70

electricity, x, 43

electrochemical, viii, 13

electromagnetic, x, 33, 35, 70

electromagnetic wave, 70

electron, ix, 31, 32, 33, 37, 70

eectronic, ix, x, 31, 32

electronic structure, ix, x, 31, 32

electronic structure theory, ix, 31

electrons, ix, 31

electrophoresis, 155

electrospinning, 15, 49

elementary particle, ix, 32

elongation, 60, 66

emboli, 74, 80

embolization, 74, 80

embryo, xii, 83, 84, 85, 86, 91

embryology, 84

embryonic, xi, xii, 47, 49, 52, 55, 83, 84, 86, 91, 92,
127

embryonic stem, xi, 47, 49, 52, 55, 84, 86, 91, 92

embryonic stem cells, xi, 47, 49, 52, 55, 86, 92

embryos, 84

emergency physician, 11

emission, viii, 31, 33, 36, 37, 40

encapsulated, 20, 28, 154, 158

encoding, 125, 126, 130, 131, 150

endocrine, 16

endoplasmic reticulum, 154

endoscopic, 111, 112, 113, 114, 119

endoscopic retrograde chol angiopancreatography,
111

endoscopy, 114



172 Index

endothelium, 81 ethics, 10, 12, 22, 23, 29, 47, 85, 86, 87, 92, 107,
endurance, 15 123, 128
energy, ix, xii, 2, 31, 32, 33, 35, 37, 38, 40, 97, 109 ethnic background, 87
energy transfer, 33, 35, 40 ethylene, 19, 28, 114, 118
engineering, v, X, Xi, 15, 25, 43, 44, 47, 49, 51, 53, ethylene glycol, 19, 28, 114, 118
54, 55, 103 etiology, 7,9
engraftment, 48 eukaryotic, 130
enhancement, 158, 164 evidence, 11, 21, 50, 57, 61, 63, 76, 87, 100, 101,
enteric, 58 102, 115, 143, 150, 151
enterocolitis, 102, 106 evoked potential, 59, 65
enuresis, 35 evolution, 122, 148
envelope, 124, 125 examinations, 9, 138
environment, viii, 2, 3, 10, 11, 15, 35, 155 exchange transfusion, 96, 100, 115
environmental, 4, 7, 22, 122, 124 excision, 45, 51
environmental conditions, 122 excitation, 34
enzyme, ix, 21, 32, 38, 109 excretion, 18
enzymes, 20 exercise, 58
eosinophils, 139, 144 exogenous, 15, 59, 65
epicardium, 49 exploitation, 86
epidemic, 37, 57 explosive, 16
epidemics, 4 exponential, xiii, 121
epidemiological, 139 exposure, xii, xiii, xiv, 3, 17, 35, 95, 98, 103, 105,
epidemiology, 2, 149, 155, 156 111, 112, 133, 147
epidermal, 161, 163 extracellular, 15, 47, 53, 97
epidermal growth factor, 161, 163 extracellular matrix, 15, 47, 53
epidermal growth factor receptor, 161, 163 extraction, 150
epidermolysis bullosa, 49, 54 eye, 14, 56, 57
epigenetic, 124 eydid, 45, 52

epithelium, 110 =
epl tOpe, 21! 221 29! 1497 1501 156 \é

epitopes, 21, 150, 154, 156, 158, 160, 163

. . fabrication, 15
Epstein-Barr virus, 63 factor VII, 98
equ_al_lty_, 10 factor V111, 98
equ?llbrlum, 76 failure, ix, 31, 60, 71, 72, 74, 79, 80, 98, 137
equipment, 5 false positive, 90
erythrocyte, 88, 9 familial, 92
erythrocytes, 97 family, 61, 94
erythropoietin, 114 family members, 94
Escherichia coli, 128, 132 Fas 116
esophageal, 47, 53, 71, 77, 114, 119 fea|: xii, 95
esophageal cancer, 71, 77 fertilization, xi, xii, 83, 84
esophagus, 110, 114, 119 Fest, 157
EST, 1?2 fetal, 2, 100
estimating, 2 fetus, xii, 83, 84
eth_anol, 21,88, 98 fever, 110
ethical, xi, xii, 22, 24, 29, 47, 55, 84, 85,92, 95, 107, b 95 99 100

h.12a|3, . 129 fibers, 49
et !c |$u&e 107, 123, 129 fibrin, 101
ethical principles, 85, 123 fibrinogen, 98

fibrinolysis, 101



Index

173

fibroblasts, 49, 54, 135
fibrosis, 59, 127, 129
filariasis, 7

filters, 88, 106
financing, 6

first aid, 44

first generation, 127, 129
flow, 60, 66
fluctuations, 149

fluid, 61, 66
fluorescence, 34
focusing, 9, 16, 19, 20, 24, 26, 28, 44, 139
folate, 58

folding, xiv, xv, 159, 160
folding catalyst, xv, 159
folic acid, 58, 64

food, viii, 2, 10, 104
formal education, 5
fractionation, 89, 105
fractures, 45
fragmentation, 74, 80
freetrade, 4

fresh frozen plasma, 105
functional memory, 140
funding, 5, 6

funds, 5

fungal, 56, 57, 62, 140
fungal infection, 56, 57, 140
fungus, 6

fusion, 131, 154

FVIIl, 127, 129

I T—

G protein, 34, 39

gametes, xi, 83, 84

Gamma, 76, 80, 81

gastric, 114, 118, 119

gastrointestinal, 3, 60, 110, 117, 137

gastrointestinal tract, 137

gel, 49, 155

gene, vii, xiii, 1, 15, 17, 18, 22, 25, 26, 44, 49, 94,
110, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 135, 141, 142, 150, 151, 152, 156,
157

gene expression, 15, 110, 124, 127, 129, 142

gene therapy, v, 15, 49, 121, 122, 123, 124, 125,
126, 127, 128, 129, 130, 131, 135, 141

genetransfer, 22, 123, 124, 125, 126, 127, 128, 129,
130, 131, 150

generalization, 150

generation, ix, xii, Xiii, xiv, 3, 22, 31, 32, 33, 34, 35,
37, 39, 40, 47, 52, 83, 85, 89, 125, 133, 147, 148,
150

generators, 35, 39, 40

genes, xiii, 15, 17, 18, 89, 114, 121, 122, 124, 136,
141, 148, 150, 151, 154, 158

genetic, xiii, 22, 87, 103, 121, 124, 149, 150, 151,
154

genetic disorders, 124

genetic drift, 149

genetic factors, 151

genetics, X, xiii, 24, 25, 43, 121, 122, 148

genital warts, 136, 141, 142, 143

genome, vii, 1, 17, 26, 91, 94, 122, 127, 128, 148,
156

genome sequences, 17, 122

genome sequencing, 122

genomes, 149

genomic, vii, 1, 17, 18, 26, 29, 50, 122, 128, 156

genomic regions, 156

genomics, x, 17, 18, 26, 33, 43, 50, 121, 122, 128

genotype, xiii, 121

gestational age, 101

gift, xii, 95

gingival, 49, 54

glioblastoma, 154, 157

glioblastoma multiforme, 154, 157

glioma, 71, 72, 77, 79, 125, 131, 161, 163

globulin, 139, 144

glucose, 162, 164

glutamate, 19

glycol, 19

glycoprotein, 125, 131, 139, 144, 154, 157, 162, 164

glycoproteins, 125

gods, 3
God, xi, 83
gold, viii, 13,111

gold nanoparticles, viii, 13

gold standard, 111

GPl, 154, 157

gracilis, 45, 51

grading, 67

grafts, 47, 53, 57

graft-versus-host disease, 66, 67, 104

granulocyte, 96, 101, 106

gravity, 88

grouping, 96

groups, xii, xv, 5, 7, 56, 95, 99, 100, 111, 114, 159

growth, xii, 3, 15, 16, 37, 50, 70, 83, 85, 91, 110,
125, 129



174 Index

growth factor, 129 hemoglobin, 100

guidance, 72 hemophilia, 98, 99, 102, 106, 127, 129
guidelines, 56, 63, 91 hemorrhage, 100, 101

GVHD, 96, 104 hemostasis, 100, 101, 105

H hepatitis, xiv, 57, 61, 62, 96, 103, 139, 140, 145, 147
\é hepatltls B! XiV, 57! 611 62! 961 103! 147

half-life, 19, 103 hepatitis C, 96, 103, 140, 145
hepatocellular, 73, 79

handling, 88 _
hanging, 88 hepatocellular carcinoma, 73, 79
hardness, 6 hepatocyte, 127

hepatocyte growth factor, 127
hepatoma, 128, 132

herpes, 125, 127, 129, 135, 154, 157
herpes simplex, 125, 127, 129, 154, 157
herpes simplex virustype 1, 125

herpes virus, 135

heterogeneity, 16

harm, xii, 10, 14, 24, 86, 95
harmful, xiii, 133
harmonization, 8

harvest, 84

harvesting, 84

hazardous substance, 3
hazardous substances, 3

hazards, 4 high f_at’ %6
HBV, 66, 103 h!gh risk, 55, 155
high tech, xi, 83

HCV, 96, 103, 140, 145, 154, 158

head, 45, 51, 52, 71, 77, 78

health, vii, viii, x, 1, 2, 3,4, 5, 6, 7, 8, 10, 11, 12, 23,
35, 37, 43, 63, 123

hedlth care, vii, 4, 5, 6, 8, 11, 12, 23, 123

health care system, 5, 6

health care workers, 6

health services, 5, 11

health status, 2

hedlthcare, 7, 11, 12

heart, vii, viii, 22, 31, 47, 49, 53, 54, 58, 59, 63, 64,
65, 81, 97, 103, 115, 122

heart and lung transplant, 63

heart rate, 115

heart transplantation, 58, 63, 64, 81

heat, xv, 124, 154, 159, 160, 162, 163, 164

heat shock protein, 160, 162, 163, 164

high-level, 128, 136

high-risk, 56, 63, 157

histology, 114, 119

histone, 89

histopathology, 10

HIV, 56, 59, 64, 96, 98, 103, 105, 154, 158
HIV infection, 96

HLA, 56, 63, 87, 88, 97, 101, 102, 106
holistic, 7, 11, 12

holistic approach, 7, 11, 12
homeostasis, 101

homocysteine, 58

homogeneity, 36

homology, 18

horizon, 18

hormone, xv, 16, 159

hospital, xi, 44, 56, 57, 65, 69, 76

hematocrit, 97 _
hematological, 101 hospftal_stays, 76
hematologist, 85 hOSp! td!zatl on, 11
hematology, 87 hospf talized, 14, 111, 117
hematopoietic, 25, 47, 53, 56, 63, 86, 89, 92, 94, hospitals, 6
101, 127, 130 host, 17, 18, 57, 61, 96, 122, 126, 137, 148
hematopoietic cell development, 94 hOUS?hC"d, 3
hematopoietic cells, 25, 47 housing, 3, 11
hematopoietic stem and progenitor cell, 92 HPC, 151
hematopoietic stem cell, 47, 53, 56, 63, 86, 92,94, 1~V 97,125,136, 141, 142
101, 127, 130 HSP, 161, 163
hematopoietic stem cells, 56, 86, 94, 101, 127,130 HSP70,xv, 159, 160, 162
heme, 160, 163 HSP90, 160, 161, 163

heme oxygenase, 160, 163 HSV-1, 125



Index

175

HTLV, 96

human, viii, ix, xi, xii, xiii, xiv, 2, 8, 14, 16, 17, 20,
21, 25, 29, 32, 37, 44, 46, 47, 49, 53, 54, 56, 58,
59, 62, 65, 69, 73, 74, 83, 84, 85, 86, 88, 91, 92,
93, 94, 101, 102, 109, 112, 116, 117, 123, 124,
125, 126, 127, 128, 130, 131, 132, 133, 134, 135,
137, 138, 141, 142, 143, 144, 147, 149, 150, 156,
157, 160, 161, 163

human cognition, 29

human development, xii, 83

human dignity, 85

human genome, 128, 156

human immunodeficiency virus, 59

human leukocyte antigen, 56

human papillomavirus, 141, 157

human papillomavirus, 62, 125, 141, 143

human will, xiv, 133

humans, 21, 59, 150, 154

humoral immunity, 134, 154, 158

hybrid, x, 33

hybridization, 17

hydration, 21

hydro, 19

hydrophilic, 19

hydrophobic, xv, 19, 159

hydroxyapatite, 49, 54

hyperbilirubinemia, 35, 40, 113, 116, 119

hyperglycemia, 97

hypersensitivity, xiv, 133

hyperthermia, 37, 40, 114

hyperthyroidism, 73

hypofibrinogenemia, 99

hypothermia, 115, 119

hypothesis, ix, 31

hypoxia, 97, 100, 124

1

identification, xii, 16, 17, 76, 95, 122, 123

IFN, 135, 136, 140, 154, 158

IL-1, 59, 65, 124, 130

IL-10, 59, 65

IL-2, 150, 154, 158

imaging, xi, 14, 16, 18, 21, 24, 25, 26, 27, 33, 34, 35,
36, 39, 40, 45, 52, 69, 111

immune function, 135

immune reaction, 140

immune response, 17, 26, 122, 124, 135, 140, 141,
142, 149, 154, 158

immune system, xiv, 84, 101, 133, 140, 148

immunity, xiii, xiv, 35, 125, 130, 133, 134, 137, 147,
148, 149, 154, 155, 157, 158

immunization, xiv, 26, 37, 40, 104, 125, 134, 147,
155

immunocompromised, 56, 58, 96, 155

immunodeficiency, xiv, 103, 133

immunogenetics, 148

immunogenicity, 103, 154, 158

immunoglobulin, 134, 137, 138, 139, 144

immunoinformatics, 148

immunological, 21, 125, 130, 148, 149

immunology, xiv, 58, 134, 147, 148

immunomics, 148, 150, 151, 154, 156

immunomodul ation, 109

immunomodulator, 135, 138, 142

immunomodulatory, 128, 141

immunoregulation, 138

immunosuppression, 60

immunosuppressive, 58, 61

immunotherapy, xiv, 124, 125, 128, 130, 131, 133,
134, 135, 137, 138, 139, 140, 143, 144, 147, 157,
160, 162, 163

implants, 45, 47, 51, 53

implementation, 157

insitu, 60, 71, 77, 152

in utero, xii, 83, 87, 88, 96

invitro, 21, 47, 52, 73, 79, 100, 112, 117, 131, 135,
141, 142, 149

invivo, 19, 21, 34, 39, 44, 48, 91, 94, 112, 125, 126,
128, 130, 131, 135, 149, 164

inactive, xv, 159

incidence, 8, 41, 60, 110

inclusion, 55, 123

incompatibility, 119

incurable, 85

indication, 61, 66, 97, 98, 99, 100, 101, 136

indicators, 3

indices, x, 32, 112, 115

indigenous, 155

inducer, 136

induction, 21, 27, 71, 73, 77, 78, 79, 123, 124, 130,
135, 138, 141, 142, 149, 154, 160

induction chemotherapy, 71, 77, 78

industrial, 49, 54

industrial application, 49, 54

industry, xi, 4, 69

infants, 96, 100, 101, 106, 115, 119, 139, 144

infection, viii, xiv, 2, 6, 7, 26, 56, 57, 58, 61, 62, 97,
103, 117, 124, 135, 136, 141, 147, 156



176

Index

infections, xiv, 3, 57, 58, 62, 104, 133, 140, 141,
143, 154, 157

infectious, viii, xiv, 3, 6, 7, 13, 17, 20, 56, 57, 89,
104, 128, 140, 147, 149, 156

infectious disease, xiv, 6, 7, 17, 20, 56, 57, 89, 128,
140, 147, 149, 156

infertility, 35

inflammation, 140, 144

inflammatory, 102, 128, 136

inflammatory bowel disease, 128

influenza, xiv, 62, 140, 147

influenza a, 62

influenzavaccine, xiv, 147

information exchange, 23

information processing, ix, 32, 38

informed consent, xii, 23, 85, 87, 95, 123

infrared, 14

infrastructure, 3, 6

ingestion, 2, 3,7, 72, 73

inhalation, 7

inheritance, xiii, 121

inherited, 44, 127, 129

inhibition, 89, 124, 130, 160, 161, 163

inhibitor, 136, 161, 163, 164

inhibitors, 109, 136, 161, 163

inhibitory, 89

injection, 7, 15, 19, 74, 124, 126, 130, 131, 134, 137

injuries, 4, 49

injury, 7, 47, 53, 60, 65, 139, 144

inner cell mass, 84

inorganic, 15, 25, 33

insertion, 70, 74, 112, 113

instability, 16

institutions, 58

instruments, x, 14, 32, 35

insulin, 16, 49

insults, vii, 1, 7, 44

integration, viii, 13, 27, 48, 81, 126

integrins, 25

intellect, 37

intensity, 36, 37, 41, 109, 112

intensive care unit, xii, 95, 102

interaction, xiv, 94, 125, 140, 147, 152

interactions, xiv, 17, 18, 23, 122, 148, 159

interdisciplinary, 148

interference, 123, 128

interferon, 135, 136, 140, 141, 142, 144, 145

interferon (IFN), 136, 140

interleukin, 124, 127, 129, 130, 135, 136, 141

interleukin-1, 124, 130, 136

interleukin-2, 127, 129
interleukin-6, 141

interleukin-8, 135

interleukins, 135

intermolecular, 48

internalizing, 15

international, 22, 56, 89
interpretation, viii, 2, 18, 64
interrelations, 33
interrelationships, viii, 2
intertitial, 72

interval, 114

intervention, 3, 74, 136, 140
intoxication, 7

intracranial, 74, 75, 80

intracranial aneurysm, 74, 80
intramuscular, 139, 144
intraoperative, 14, 45
intravascular, 18, 37

intravenous, 9, 15, 19, 28, 61, 73, 126, 131, 139, 144
intravenous fluid administration, 9
intravenously, 20

invasive, 56, 63, 75, 85, 100, 112, 129
iodine, 73, 79

lodine, 72, 73, 79

iron, 25, 101, 105

irradiation, 37, 70, 96, 104, 109, 114
ischemic, 74, 79

1SO, 93

isoforms, 94

isolation, 88

I N—

Japanese encephalitis, xiv, 147
jaundice, 111, 112, 115, 116, 119
jobs, 4

judge, 98

I S—

Kawasaki disease, 137, 139, 144
keratinocyte, 135, 136, 142

kernicterus, 116

kidney, 46, 55, 57, 60, 61, 62, 63, 65, 66
kidney failure, 55

kidney transplant, 57, 60, 61, 62, 63, 65, 66
kidney transplantation, 57, 60, 61, 63, 66
kidneys, 126

killing, 28, 128, 132

kinase, 157, 160, 161, 162, 163, 164



Index 177

kinases, xv, 159 liver transplant, 57, 61, 62, 63, 66
kinetics, 38, 112, 140 liver transplantation, 57, 61, 62, 63, 66

L living standard, 3

|local anesthetic, 45, 52

L1, 136 o
labeling, 25, 34 Iocal.lzatlon, 20, 154
labor, 86, 87 logging, 11
laboratory studies, 138 long pgrlod, 60
lamellar, 21 longevity, 48
laminin, 125 long-term, 34, 49, 58, 59, 60, 65, 74, 89, 118, 125,
lamivudine, 61, 66 130,137,140
Laos, 110 losses, 96, 100 '
laparoscopic, 72 low mol ecular weight, 21
large-scale, 18 low risk, 75

LPS, 161, 163

laser, ix, 14, 31, 35, 37, 38, 47, 53, 112, 114

lasers, 14, 38, 39, 40 luminescence, 33

lung, 57, 59, 62, 63, 64, 65, 72, 78, 97, 114, 124,

|ate-onset, 102

lead, ix, 5, 16, 32, 33, 49, 56, 87, 109, 124, 135, 160 126, 130, 154, 158

leadership, 5, 11 lung cgncer, 78, 114, 124, 154, 158
learning, ix, 31 lung disease, 60, 97

legislation, 129 lungs, 59, €5, 126

lutetium, 114, 118

lentiviral, 126, 127
lymphocyte, xiii, 133, 138, 143

lesions, 8§, 61, 66, 111, 114, 117, 119, 137
leucocyte, 106, 137 lymphocytes, xiii, 72, 88, 96, 133, 138, 143

leukaemia, 102 lymphoma, 57, 63, 73, 79

leukemia, 96, 125, 160, 162 M I
leukemias, 94

leukemic, 25 machine learning, 18
leukocyte, 93, 96, 97, 101, 105 machinery, 16
leukocytes, 96 machines, 162
liberty, 22, 29 macromolecules, 20
life expectancy, 116 macrophages, 137
lifestyle, 3 magnetic, ix, 32, 81
lifestyle, 3, 155 magnetic resonance, 81
lifetime, 98, 103 maintenance, xiv, 45, 159
ligament, 61, 66 malaise, 110
ligand, 20, 125 malaria, 57, 63, 96
limitation, 9, 44, 86 malignancy, 58, 98, 112, 114, 149
limitations, 35, 117 malignant, 21, 71, 77, 110, 111, 116, 117, 118, 131,
linear, x, 32, 36, 75, 81 149
linkage, 6 malignant cells, 149
links, 11 malnutrition, viii, 2, 10
lipid, 15, 19, 21, 28 mammalian cell, 91, 94
liposome, 20, 126, 131 management, vii, viii, xi, xiii, 1, 3, 9, 11, 13, 44, 55,
liposomes, 19, 20, 28, 156 59, 65, 67, 75, 80, 89, 96, 102, 103, 111, 114,
literature, 18, 39, 63, 124, 136, 143 116, 117, 133, 138, 148, 155, 157
liver, 46, 57, 60, 61, 62, 63, 66, 96, 100, 111, 117, manipulation, viii, 13, 15, 20, 89, 123
123, 127, 128, 129 mannitol, 97
liver disease, 123, 128 manufacturing, 87

liver failure, 60, 100, 111 MAPK, 109, 116



178 Index

mapping, 18, 21, 29, 50, 149, 156
marketing, 87

marrow, 57, 76, 84, 89, 101

mast cells, 91

maternal, 91, 97

matrix, 15, 47, 53, 90

matrix protein, 47, 53

maturation, xv, 49, 101, 159
measles, xiv, 7, 147

mechanical, vii, x, 1, 15, 32, 36, 38, 40, 45, 52
mechanical properties, 15
mechanics, ix, 31, 32, 38

median, 111, 112

mediators, 115, 120

medical care, 3, 5, 98, 103
medical services, 11

medical student, 9

medication, 48

medicine, v, vii, viii, ix, X, xi, xii, xiv, 1, 3,4, 7, 8,9,

10, 12, 13, 14, 18, 19, 22, 23, 24, 25, 27, 32, 33,
35, 37, 38, 39, 43, 44, 45, 46, 48, 49, 50, 55, 56,

58, 61, 62, 69, 70, 72, 74, 76, 84, 89, 95, 99, 101,

103, 104, 116, 122, 147, 151, 159
melanoma, 77, 126, 128, 131, 132, 140, 145, 150,
154, 156, 158
membranes, xiv, 159
memory, xiii, xiv, 133, 147
menstrual, 47, 53
mental health, 12
mesenchymal, 47, 53, 127
mesenchymal stromal cells, 47, 53
metabalic, 2, 10, 98
metabolic disorder, 2
metabolism, 18, 44, 98, 105, 110, 140
metabolite, 142
metabolomics, vii, 1
metals, 33
metastases, 75, 80, 130, 154
metastasis, 75, 80, 125, 130
metastatic, 73, 79, 126, 131, 154, 158, 160, 163
methylation, 126
MHC, 148
mice, 19, 28, 124, 127, 129, 130, 142, 154, 158
micelles, 19, 28
microarray, viii, 13, 17
microarray technology, 17
microbial, 17, 19, 28, 57, 122, 140
microbial agents, 140
micronucleus, 72
microorganisms, 155

microparticles, 15, 28

microsurgery, 24

microvascular, 24, 45, 51, 52

military, 105

mining, 11, 18, 152

minorities, 87

mitochondrial, 110

mitochondrial membrane, 110

mitogen, 110, 138

mitogen activated protein kinase, 110

mitogen activated protein kinases, 110

mitotic, 91, 94

modalities, 112

modality, 35, 71, 112

model system, 17, 122

modeling, ix, 18, 19, 32, 148

models, 6, 11, 18, 29, 47, 50, 53, 148

molecular biology, xiii, xiv, 121, 127, 156, 159

molecular mechanisms, 127

molecular oxygen, 109

molecules, ix, Xiv, Xv, 18, 19, 32, 35, 90, 153, 159,
160

monkeys, 142, 154, 158

monoclonal, 139, 144

monoclonal antibodies, 139, 144

monocytes, 91, 135

morbidity, xiv, 3,7, 9, 72, 101, 147

morphogenesis, 91

mortality, xiv, 3, 7, 9, 57, 76, 113, 114, 147

mothers, 93

motion, X, 32

mouse, 47, 52, 91, 94, 117, 127, 130, 142, 148

movement, ix, Xii, 32, 83

mRNA, 91, 122, 124, 130, 135, 136, 148, 151

mucin, 154

multidimensional, x, 32

multidisciplinary, 2, 12, 74

multilateral, 3

multiple sclerosis, 86, 92, 140, 144

muscle, 45, 49, 51

muscul oskel etal, 53

mutant, 161, 163

mutation, xiii, 121, 123, 150

myelin, 140, 144

myelin basic protein, 140, 144

myocardia infarction, 40, 49

myocardia tissue, 49

myocarditis, 37, 40

myositis, 37



Index

179

I —

NAD, xv, 160

nanobiology, 16

nanobiotechnology, 14, 15, 23

nanocrystal, 39

nanocrystals, 34

nanofabrication, 20, 28

nanomaterials, 14, 15, 20, 33, 34

nanomedicine, X, 23, 24, 27, 29, 33, 34, 39, 43, 48

nanometers, viii, 13

nanoparticles, viii, 13, 16, 18, 19, 22, 23, 24, 27, 28,
33,34, 38

nanoscience, viii, ix, 13, 32

nanostructures, 27

nanotechnologies, viii, 13

nanotechnology, viii, 13, 14, 16, 18, 22, 23, 25, 28,
29, 33

narcotic, 45, 52

nasopharyngeal carcinoma, 70, 73, 79

National Health Service, 3

natural, viii, xi, 7, 8, 12, 13, 15, 16, 27, 35, 49, 54,
55, 103, 124, 138, 155

natural environment, 12

near drowning, 56

NEC, 102

neck, 45, 52, 71, 77, 78

necrosis, 135

needles, 97

nematode, 152

neonatal, 40, 100, 101, 102, 115, 116, 119

neonatal sepsis, 101

neonate, 35, 57

neonates, 106, 115, 119, 120

neoplasia, 114, 118

neoplasms, 75

nerve, 47, 53

nerve regeneration, 47, 53

nesting, xiii, 121

network, xv, 18, 148, 159

neuroblastoma, 73, 79, 154

neuroendocrine, 73, 79

neurogenic, 49

neurogenic bladder, 49

neurosurgery, 39, 75

neurotoxicity, 124, 130

neutrophil, 106

next generation, 33, 48

nicotine, 157

Niels Bohr, 37

nitric oxide, 110

nitric oxide synthase, 110
non-infectious, 6, 7

non-invasive, 127

non-myeloablative, 73

non-native, xiv, 159

non-profit, 87

non-small cell lung cancer, 71, 77
non-small cell lung cancer (NSCLC), 77
normal, vii, xii, 1, 36, 44, 57, 62, 91, 95, 101
norms, 100

NOS, 110

nuclear, X, xi, 32, 69, 72, 84

nuclel, ix, 32

nucleic acid, xiii, 15, 17, 20, 121, 128
nucleus, 70, 84

nursing, 6

nutrient, viii, 2

nutrition, viii, 2, 10, 91

- o 1

observations, 80

obstruction, 110, 111, 114, 115

olympics, 4

oncogene, 94, 131

oncological, 111

oncology, 24, 25, 39, 41, 77, 87, 143

oncolytic, 126

online, 92, 93, 105

oocyte, 86

oophorectomy, 10

optic nerve, 80

optical, ix, 31, 34, 35, 39, 40

optical properties, 34

optimization, 18

oral, 9, 15, 19, 25, 45, 52, 115, 120, 127, 129

oral antibiotic, 9

oral cavity, 45, 52

organ, xi, 9, 44, 55, 56, 57, 58, 59, 60, 62, 67, 73, 79,
84, 86, 92

organic, vii, 1, 33, 34

organic polymers, 33

organism, 33, 35, 150

organization, 3, 5, 151

orthopaedic, 49, 54

osmotic, 21, 97

osteoarthritis, 49

osteogenic, 25

ovarian, 10, 114, 118, 126, 131

ovarian cancer, 114, 118, 126, 131



180

Index

ovarian tumor, 10

ovaries, 79

ovary, 10

overload, 101

oxidative, 37, 101, 106
oxidative stress, 37, 101, 106
oxide, 25

oxide nanoparticles, 25
oxygen, 34, 35, 39, 48, 97, 109
oxygenation, 48, 97, 100
ozonation, 160

.~

p38, 109, 116

pacing, 58, 63

paclitaxel, 71, 77, 114, 126, 131, 161, 163

PAF, 102

pain, 8, 37, 45, 52, 58, 64, 72, 75, 110

pairing, 127, 129

palliative, 3, 111, 112, 115, 116, 118

paliative care, 111

pancreatic, 16, 110, 160, 163

pancreatic cancer, 110, 160, 163

pandemic, 57

parasite, vii, 1, 6

parents, 2, 24, 97

Parkinson, 47, 53, 161, 163

PARP, 110

particles, 15, 28, 124, 125, 130, 131

partnerships, 11

passive, 20, 134, 139, 144

patents, 126

paternal, 97

path integrals, x, 32

pathogenesis, vii, 1, 94, 102

pathogenic, 20, 96, 122, 149

pathogenic agents, 96, 122

pathogens, viii, xiv, 13, 17, 110, 116, 133

pathologist, 29, 85

pathology, 9, 73, 92, 103, 135

pathophysiology, 96

pathways, xv, 19, 27, 75, 110, 116, 122, 148, 159,
160

patient care, 11, 12

PCA, 157

PCR, xiii, 18, 121, 136

pediatric, 3, 45, 49, 52, 54, 57, 58, 62, 63, 64, 67,
105, 140

penis, 136

peptide, xv, 21, 29, 34, 48, 149, 156, 159, 162

peptides, 39, 40, 160
perception, 5
performance, 123, 128
perfusion, 36, 40, 48
periodontal, 49
periosteum, 49, 54

peripheral blood, 72, 78, 135, 138, 143
peripheral blood lymphocytes, 72, 78

permeability, 20
permeabilization, 110
personal, 5, 38

personhood, 22

pertussis, xiv, 147
P-glycoprotein, 126, 131
pH, 20, 97, 98

phagocytosis, 37, 137
pharmaceutical, 131
pharmacies, 6
pharmacodynamics, 20, 28
pharmacokinetic, 21, 64, 114
pharmacokinetics, 19, 20
pharmacological, 14, 16, 102
pharmacological treatment, 14
pharmacology, 16, 18, 27, 39
pharmacotherapy, 24, 25
phenotype, xiii, 121
phenotypic, 22, 150
phlebotomy, 96

phosphate, 97
phosphorylation, 110
photobleaching, 33
photochemical, 109

Photodynamic therapy, 109, 114, 116, 117, 118, 119

photoluminescence, 34
photon, ix, 31, 33, 36, 37, 40, 41
photons, ix, 31, 36, 37, 41
physical health, 12
physical properties, 20

physicians, 8, 9, 44, 103, 110, 135

physicochemical, 18
physics, viii, 31, 37

physiological, vii, xiv, 1, 8, 16, 27, 147

physiology, 44, 92

pigs, 154, 157

pilot studies, 112

pilot study, 40, 53, 54, 81, 118
pineal, 75, 80

placebo, 115, 120, 142
placenta, 87, 88, 93

placental, 87, 88, 89, 93, 126, 136



Index 181

planning, 6, 8, 9, 36, 41, 45, 74, 81

plants, ix, 32

plasma, xii, 15, 49, 54, 95, 96, 97, 98, 99, 100, 101,
103, 105, 127, 129, 138, 144

plasmalevels, 100

plasma membrane, 15

plasma proteins, 96

plasmid, 15, 124, 126, 127, 129, 131

plastic, 50, 51, 98, 113

plastic surgery, 50, 51

plasticity, 47

platelet, 49, 54, 97, 98, 99, 100, 101, 102, 105, 106

platelet activating factor, 102

platelet count, 102

platelets, xii, 47, 52, 95, 96, 97, 102, 105

platforms, 27

platinum, 24, 26

play, 16, 19, 136, 137

pneumonia, 8, 9

politics, 6, 11

pollutant, 7

polymer, 15, 48

polymerase, xiii, 121, 155

polymerase chain reaction, xiii, 121, 155

polymer-based, 15

polymers, 15, 21, 33, 48

polymorphism, 102

polymorphonuclear, 137

polymorphonuclear cells, 137

polypeptides, xiv, 159

polysaccharide, 28, 154, 158

poor, xii, 48, 95, 96, 97, 100, 105

population, x, 2, 3, 5, 6, 7, 43, 45, 56, 151

pores, 19

porosity, 48

porous, 49, 54

portal vein, 117

postoperative, 14, 45, 52

potassium, 96, 97

potential energy, ix, 32

poverty, viii, 2, 4

power, vii, 1, 70

preclinical, 114, 124

prediction, 72, 89, 90, 122, 138, 152

pregnancy, 57, 62

pregnant, 5, 57, 62, 87, 92

pregnant women, 87

preoperative, 61, 66, 71, 76, 114

preparation, iv, 19, 55, 97, 104, 137

preparedness, 5, 123, 128

preservative, 97

preterm infants, 101, 106, 116

prevention, viii, X, Xiv, 2, 8,9, 14, 16, 43, 44, 46, 47,
53, 56, 96, 97, 98, 104, 111, 115, 119, 134, 144,
147, 149, 157

preventive, viii, xiv, 2, 5, 8, 10, 12, 62, 100, 104,
124, 134, 147

primary care, 3, 4, 11

private, 6, 11, 22, 87, 92

procedures, 9, 33, 76, 85, 89, 93, 100, 111, 112

procoagulant, 100

production, 17, 34, 39, 97, 101, 106, 109, 127, 129,
136, 140, 141, 142, 144, 154, 162, 164

progenitor cells, 25, 47, 87, 88, 93, 143

progenitors, 89, 101, 161, 163

prognosis, 61, 66, 111, 112, 115

program, 22, 96

progressive, 154

proinflammatory, 124, 130

proliferation, 89, 101, 136, 140, 144

promote, 2, 89, 127

promoter, Xxii, 83, 91, 94, 132

property, iv, viii, ix, xi, 31, 32, 33, 55, 70, 124, 148

prophylactic, 115, 119, 120, 127, 129, 149

prophylaxis, x, 33, 37, 101, 125, 152

prostate, 36, 37, 41, 71, 72, 77, 79, 114, 118, 151,
152, 153, 157, 158, 160, 162, 163

prostate cancer, 36, 37, 41, 71, 72, 77, 79, 114, 118,
151, 152, 153, 157, 158, 160, 162, 163

prostate carcinoma, 36, 41, 157

prostatectomy, 151

prosthesis, 46

proteasome, 130

protection, 17, 23, 58, 140

protein, vii, viii, xiv, xv, 1, 13, 15, 17, 18, 20, 21, 23,
29, 48, 49, 91, 110, 122, 124, 125, 136, 139, 148,
149, 152, 154, 157, 158, 159, 160, 161, 162, 163,
164

protein family, 91

protein folding, xv, 159, 162

protein kinases, xv, 159

protein sequence, 152

protein structure, 15

proteins, xiv, xv, 20, 25, 27, 34, 98, 114, 124, 130,
148, 159, 160

proteome, vii, 1, 26, 122

proteomes, 17

proteomics, 17, 18, 26, 33

prothrombin, 98

protocol, 14, 35, 126, 127, 129, 131



182

Index

protons, 36, 41

pruritus, 116

PSA, 151

Pseudomonas aeruginosa, 57

psychiatrists, 107

psychological, 8, 46, 61

PTA, 79

public, xiv, 2, 3, 4, 5, 6, 10, 11, 86, 92, 111, 147, 152
public hedlth, xiv, 2, 4,5, 6, 10, 11, 111, 147
pulmonary embolism, 74, 80

pulp, 47, 53

pulses, 14

pumps, 97

Q I

quality assurance, 57, 86, 89

quality control, xii, 57, 95, 97

quality improvement, 71, 77

quality of life, 3, 6, 45, 52, 61, 112, 115

guanta, 38

quantization, viii, 31

quantum, viii, ix, X, 13, 25, 31, 32, 33, 34, 35, 37,
38, 39, 40

quantum chemistry, x, 32, 38

quantum dot, viii, 13, 25, 33, 34, 35, 37, 38, 39, 40

quantum dots, viii, 13, 33, 34, 35, 38, 39, 40

quantum mechanics, ix, 31, 38

quantum theory, ix, 31, 37, 38

quantum yields, 34

query, 9, 14

. r

Rabies, 7

race, 11

radiation, viii, x, 31, 33, 35, 36, 37, 41, 71, 72, 75,
77,78, 79, 124, 164

radiation therapy, 36, 41, 71, 75, 164

radical, 111

radioactiveiodine, 73, 79

radiological, 118

radiotherapy, v, xi, 36, 41, 69, 70, 71, 72, 75, 76, 77,
78

Raman scattering, 34

random, 102, 156

range, vii, 1, 3, 14, 21, 35, 49, 54, 124, 126, 149, 150

rat, 47, 53, 62, 142

rats, 127, 129

reaction rate, x, 32

reactive oxygen, 109

reactive oxygen species, 109

reactivity, 138

receptors, xv, 34, 124, 126, 159

recognition, 20, 33

recombination, Xiii, 17, 121

reconstruction, 24, 44, 45, 49, 50, 51, 52

reconstructive surgery, 44, 45, 49, 50, 52

recovery, 9, 44, 57, 88

rectal examination, 151

rectus abdominis, 45, 51

recurrence, 61, 66, 136, 140

red blood cdll, 96, 97, 98, 100, 101, 106

redox, xv, 160

reduction, 6, 45, 52, 58, 87, 88, 93, 113, 115, 135,
136, 152

reflexes, xiii, 133

refractoriness, 97, 102, 106

refractory, 59, 65, 102, 111

regenerate, 49

regeneration, 44, 47, 49, 51

regenerative medicine, 15, 44, 46, 47, 48, 50, 51, 53,
85

regiona, 11, 71, 77, 97

registries, 56

regression, 75, 112, 124, 130

regrowth, 112

regular, 89

regulation, 29, 47, 52, 94, 109, 116, 124, 127, 140,
162

regulations, 128

rehabilitation, x, 9, 33, 37, 40, 44, 46, 60

rehabilitation program, 40

reimbursement, xii, 95

rejection, 47, 59, 60, 61, 64, 84

relapses, 37

relationship, ix, 2, 3, 14, 31

relationships, 18, 39, 148

relatives, 96, 97

relevance, 124, 143

religion, 123

religious belief, 104, 107

remission, 137

remodeling, 20

renal, 57, 58, 60, 62, 63, 65, 66, 74, 80, 97, 114, 119

renal artery stenosis, 74, 80

renal failure, 58, 60

repair, 44, 47, 48, 51, 53

replication, 124, 125, 130

repression, 91, 94

repressor, 124



Index

183

research, 3, 7, 8, 10, 11, 16, 22, 23, 26, 27, 28, 41,
50, 86, 91, 122, 128, 129, 131, 148, 150, 151, 154

research and development, 122

researchers, 17

resection, 75, 80, 111

reserves, 35

reservoirs, 28

resistance, 35, 56, 126, 160, 161, 163

resolution, 25, 34, 56

resources, 4, 89

respirator, 63

respiratory, 3, 57, 96

responsiveness, 154

restenosis, 72, 78

restriction enzyme, 126

Resveratrol, 162

retention, 20, 73, 79

retinoblastoma, 114, 118

retinopathy, 105

retinopathy of prematurity, 105

revascularization, 24

revolutionary, 33

rheumatic, 37, 138, 144

rheumatic diseases, 138, 144

rheumatoid arthritis, 137, 138, 143, 144

risk, viii, xii, 1, 2, 10, 36, 45, 47, 48, 52, 56, 57, 58,
62, 87, 95, 96, 98, 99, 101, 103, 104, 105, 111,
113, 117, 123

risk assessment, 87

risk factors, 57, 62, 111, 117

risks, 22, 99, 124

RNA, 123, 124, 128

robotics, 33

roentgen, 76

room temperature, 98

ROP, 101

rubella, xiv, 147

rurd, 4, 5, 6, 11, 104

rura aress, 4,5

rural communities, 5, 6

rural development, 6

rura population, 4

ruthenium, 38

s 1

saccharomyces cerevisiag, 154, 157

safety, 5, 11, 22, 23, 58, 64, 71, 77, 86, 92, 126, 154,
158

sanitation, 6

sarcomas, 41, 71, 72, 78

satisfaction, 87

scaffold, 16, 47, 49, 53, 54

scaffolds, 15, 25, 48, 49, 54

scaling, x, 32

scalp, 72, 78

science, vii, viii, ix, X, xi, xiii, 1, 13, 31, 43, 44, 47,
48, 55, 69, 76, 84, 85, 121, 122, 123, 148

scientific, viii, xiv, 8, 13, 17, 22, 47, 103, 150, 159

scientific community, 47

scientists, 17, 22, 122, 148

SCNT, 84

scores, 90

SEA, 154, 158

search, xii, 14, 18, 83, 90, 128, 152

searching, 17, 18, 22, 90, 94, 152

secretion, 138

secrets, 162

sedimentation, 88, 93

seed, 72

segregation, 130

selecting, 18

selectivity, 109

self-antigens, 149

self-assembly, 33, 38

semiconductor, 33, 34, 38

Semliki Forest virus, 124, 130

sensing, 33, 39

sensitivity, 33, 110, 138, 143, 161, 163

sensitization, 95

separation, 104

sepsis, 100, 101, 102, 106

sequencing, xiii, 17, 121, 122, 156

series, 93, 126, 135

serum, 111, 113, 115, 117, 127, 129, 151

services, iv, 3,5, 6, 8, 11, 12

sexual intercourse, xi, 83

SGD, 152

shape, 18, 19, 20

sheep, 47, 53, 84

shock, xv, 124, 159, 160, 162, 163

short period, 76

shortage, 60

short-term, 49, 89

siblings, 86

side effects, 22, 36

sign, xii, 61, 83, 84

signal transduction, 110

signaling, 110, 116, 136, 161, 163

signaling pathway, 110, 136

signaling pathways, 110



184 Index

signals, xv, 33, 159 statistics, 50, 64
signs, 110, 111, 151, 154, 158 STD, 142
silico methods, 18 stem cell, v, xii, 15, 53, 83, 84, 92, 93
silver, viii, 13 stem cell research, 76, 86, 92
similarity, 18, 90 stem cell therapy, 15, 84, 85, 86, 123
simulation, 148 stem cell transplantation, 87
sinus, 75, 80 stem cells, 51, 86, 89, 161, 163
sites, xiii, 20, 73, 89, 90, 91, 94, 121, 136 stenosis, 113, 116
skeletal muscle, 49 stent, 72, 78, 112, 113, 118
skin, 7, 19, 21, 28, 37, 45, 50, 61, 113, 116, 135, sterile, 88, 160, 162
136, 142 steroid, xv, 124, 159
sleep, 115, 119 steroid hormone, xv, 159
socidl, xiv, 3, 4, 6, 7, 10, 16, 51, 159 stomach, 110
social policy, 10 stomatitis, 126, 131
social welfare, 4 storage, 85, 86, 88, 89, 97, 98, 102, 105, 106
society, 3, 10, 85, 123 strain, 57, 62, 130, 149
socioeconomic, 10, 76 strains, 149
sociological, 5 strategies, 16, 34, 62, 64, 143, 149, 155
sociology, 3, 10 strategy use, 125
sodium, 21, 58, 64, 97 stress, xv, 8, 46, 159, 163
software, x, 32, 122 structural protein, 48
solid tumors, 157 subsidies, 5
solutions, 33, 47, 53, 148 substances, vii, xi, 1, 34, 48, 69, 70
somatic cell, 84, 124 suffering, 45, 70, 72
somatic cell nuclear transfer, 84 sugar, 20
somatic cells, 124 suicide, 128, 132
spatial, 16, 124 suicide gene, 128, 132
species, 17, 109, 122, 127 superficial bladder cancer, 151, 157
specificity, xiii, 14, 20, 125, 133 superstitious, xi, 83
Spectra, 38 suppliers, 4
spectroscopy, 34, 38 suppression, 125, 126, 154
spectrum, viii, 31, 140 suppressor, 131
speed, 16 suppressors, 136
spermatozoa, 84 supramolecular, 23
spinal cord, 58, 64, 154, 158 surface area, 14
spinal cord injury, 154, 158 surfactant, 59, 65
spinal cord stimulation, 58, 64 surgeons, 45, 50
spinal tumor, 75, 80 surgeries, 44, 49
spine, 84 surgery, 14, 24, 35, 44, 47, 49, 50, 53, 54, 60, 74, 75,
spiritual, 7, 8 76, 80, 81, 100, 103, 106, 111, 114, 119
spleen, 126 surgical, 9, 10, 14, 45, 49, 50, 63, 75, 96, 111, 112,
splenomegaly, 102 116
sports, 35 surgical intervention, 50
sputum, 58 surgical resection, 111, 112
squamous cell carcinoma, 71, 72, 77, 78, 79 surplus, 4
stability, 15, 18, 19, 20, 35, 161, 163 surveillance, 111
stabilization, xv, 153, 159 survival, 49, 58, 59, 61, 64, 65, 71, 73, 111, 112,
Staphylococcus, 126 115, 126, 131, 140, 154, 160, 162
Staphylococcus aureus, 126 survival rate, 58, 61, 111, 126, 131

starch, 88, 93 survivors, 56, 59, 60, 65, 137



Index

185

susceptibility, 16

susceptibility genes, 16

symmetry, X, 32

symptomatic treatment, 8, 9, 14, 70, 72

symptoms, 56, 73, 97, 151

synapses, 38

synchronous, 71, 77

syndrome, 8, 45, 52, 59, 61, 65, 66, 96, 100, 138,
144

synthesis, viii, 12, 13, 34, 35

synthetic, 15, 21, 29, 40, 48, 124, 149, 156, 161, 164

syphilis, 96

systematic, 99

systematic review, 99

systemic sclerosis, 47, 53

systems, ix, 3, 5, 6, 10, 15, 18, 20, 24, 26, 31, 32, 33,
38, 75, 88, 89, 124, 125, 129, 135

T 1

T cdll, xiii, 21, 59, 65, 133, 138, 140, 143, 144, 150,
154, 158, 160, 162, 163, 164

T cells, 59, 65, 140

tacrolimus, 59, 65

targets, 110, 131, 150

T-cell, 60, 150, 154, 156

TCR, 127, 129, 148

technological, 16

technology, viii, xi, xii, xiii, 5, 13, 16, 17, 20, 22, 26,
33, 69, 76, 83, 85, 102, 121, 122, 123, 150, 152

telecommunication, 5

telecommunications, 5

telehealth, 11

telomerase, 152, 157

temperature, 98, 105

temporal, 16, 124

termindly ill, 107

tetanus, 9, 134, 137, 139, 144

tetracycline, 124

thawing, 98

theoretical, ix, 9, 11, 18, 31

theory, viii, ix, x, 29, 31, 32, 38

therapeutic, vii, xi, xiv, 14, 15, 18, 19, 20, 21, 24,
36, 39, 43, 44, 56, 73, 86, 103, 104, 109, 111,
125, 126, 127, 129, 130, 134, 135, 140, 147, 148,
149, 151, 153, 154, 157, 160

therapeutic agents, 21

therapeutic process, 152

therapeutics, viii, 13, 27, 28, 48, 54, 123, 127, 128

thoracic, 71, 78

threat, 10

threats, 11

three-dimensional, x, 32, 45, 52

thrombocytopenia, 99, 102, 106

thrombocytopenic purpura, 98

thromboembolism, 139, 144

thrombosis, 61, 66

thrombotic, 60, 65, 98

thymus, 138

thyroid, 36, 40, 72, 73, 79

thyroid cancer, 36, 40, 73, 79

time, xi, 2, 3, 6, 19, 33, 48, 67, 71, 75, 81, 83, 87,
89, 112, 115, 129, 134, 137, 139, 149, 152, 154

timing, 2

tissue, xi, xii, 15, 20, 24, 25, 26, 36, 43, 46, 47, 48,
49, 53, 54, 57, 70, 72, 78, 83, 85, 97, 105, 109,
112, 114, 117, 119, 122

tissue engineering, xi, 15, 25, 43, 46, 47, 48, 49, 53,
54

T-lymphocytes, 96

TNF, 136

tolerance, 125, 154, 157

toxic, 109

toxicities, 97

toxicity, 18, 19, 71, 73, 79, 97, 135, 138, 143, 154,
158, 161, 163

toxicological, 114, 118

toxins, vii, 1, 7

tracking, 25

trade, 4, 11

training, 8, 74

traits, 123

transcript, xiii, 121

transcription, xv, 89, 90, 91, 93, 94, 110, 124, 127,
136, 159

transcription factor, xv, 89, 90, 91, 93, 94, 110, 159

transcription factors, xv, 90, 93, 94, 110, 159

transcriptional, 89, 91, 94, 136

transcriptomics, vii, 1

transcripts, 148

transducer, 136

transduction, 127, 129, 150

transfection, 22, 131, 150

transfer, 15, 22, 45, 51, 72, 78, 84, 121, 124, 125,
126, 129, 131, 150, 156

transferrin, 101

transformations, 22

transfusion, v, xii, 56, 57, 95, 96, 97, 98, 99, 100,
101, 102, 103, 104, 105, 106, 107, 116

transfusion reactions, 101

transfusions, xii, 95, 96, 97, 99, 100, 101, 102, 106



186 Index

transitions, ix, 31 unfolded, xiv, 159
trandlation, 148 universal donor cells, 53
translocation, xiv, 159, 160, 163 unmarried men, xiv, 159
transmembrane, 110 urban, 4,5, 6, 11
transmission, xiii, 57, 63, 96, 121 urban areas, 5
transplant, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 67, urethra, 45, 51

74, 80, 89, 97 urinary, 49
transplant recipients, 57, 58, 62, 63, 64 urology, 35, 49, 54
transplantation, xi, 47, 49, 53, 54, 55, 56, 57, 58, 59,  uterus, 84

60, 61, 62, 63, 64, 65, 66, 76, 84, 86, 89, 92 uveal melanoma, 41

transportation, 4, 15, 97 v
trauma, 99, 100 vaccination, v, xiv, 9, 128, 134, 147, 148, 149, 154,
trend, xiv, 3, 5, 6, 98, 136, 147 155, 157, 158

trial, 59, 65, 71, 75, 77, 78, 106, 114, 115, 119, 120, vaccinations, 148, 149, 155

139, 1;4' 145, 154,158 vaccine, xiv, 17, 18, 21, 22, 26, 27, 29, 122, 125,
trigeminal, 75, 81 128, 134, 147, 148, 149, 150, 151, 153, 154, 155,
trigeminal neuralgia, 75, 81 156. 157 158
triiodothyronine, 49 vaccines, xiv, 21, 29, 131, 140, 147, 148, 149, 154,

”‘t’)ph"bl'as_' 126 155, 156, 158, 160, 162
tuberculosis, 3, 57, 62 vaginal, 44, 136

tumor, xi, 10, 16, 20, 24, 26, 34, 36, 37, 45, 51, 69, valence, ix, x, 31, 32
70, 75, 109, 110, 111, 112, 113, 124, 125, 126, values, xii, 22, 36, 41, 95, 100, 151
130, 131, 135, 136, 153, 154, 157, 158, 160, 163

variability, 4
tumor cells, 109, 125, 160, 163 varisble, 5
tumor growth, 75, 109, 124 variables, 88, 93

tumor necrosis factor, 135, 136

tumorigenesis, 127

tumorigenic, 161, 163

tumors, 7, 73, 75, 76, 80, 81, 109, 111, 112, 124,
141, 154, 160, 161, 163

tumour, 112, 117, 125, 130

tumour growth, 125, 130

variation, 21, 150

vascular, 45, 51, 71, 72, 74, 78, 80, 114, 119, 125
vascular endothelial growth factor, 125

vascular surgery, 74

vasculature, 16

vasoconstriction, 101

VDRL, 96
tumou.rs, 73,79, 130, 152 vector, 17, 122, 124, 125, 127, 128, 129, 130, 131
tunneling, x, 32 VEGF, 120

type 1 diabetes, 86, 92
typhoid, 7
typhoid fever, 7

tyrosi ne, 154, 157 vessals, 45, 52, 74
tyrosine hydroxylase, 154, 157 vibrational, x, 32

U I viral, 15, 56, 98, 103, 124, 125, 127, 128, 130, 134,

vein, 74, 80, 87, 88, 126
versdtility, 45, 52
vesicle, 21

136, 140, 145
ubiquitous, 20, 94 viral infection, 124, 134, 136
ulceration, 136 viral vectors, 15, 124
ultrasonography, 111, 125, 130 virus, 6, 22, 57, 61, 62, 70, 96, 98, 103, 105, 124,
ultrasound, 112 125, 127, 129, 130, 131, 139, 150, 154, 157, 158

umbilical cord, 56, 86, 87, 88, 89, 92, 93, 127, 129 virusinfection, 139
umbilical cord blood, 56, 86, 87, 88, 89, 92, 93, 127,  viruses, 29

129 viscosity, 139, 144
unconjugated bilirubin, 116 visible, 37, 109, 137



Index

187

vision, 25
visualization, 114, 119
vulva, 136

vulvar, 114, 118

. w |

warfarin, 98

warts, 135, 136, 141, 142
water, 15, 19, 34, 56, 98
water-soluble, 15
wavelengths, 34
weakness, 110

weapons, 18

weight loss, 2

welfare, viii, 2, 3, 4
welfare state, viii, 2
white blood cells, 87, 97
witness, 103, 104, 106
witnesses, 106

women, Xiv, 86, 87, 159
workers, 6

workforce, 5

working conditions, 3
wound healing, 100, 101

x|

xenograft, 126, 131
xenografts, 124, 125
X-ray, xi, 36, 41, 69, 70

v 1

yeast, 154
yield, 49, 127

.z

zinc, 34




