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Abstract

Throughout history, many medical milestones have
been achieved to prevent and treat human diseases.
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Man'’s early conception of illness was naturally holistic or
integrative. However, scientific knowledge was atomized
into quantitative and qualitative research. In the field
of medicine, the main trade-off was the creation of
many medical specialties that commonly treat patients
in advanced stages of disease. However, now that we
are immersed in the post-genomic era, how should we
reevaluate medicine? Genomic medicine has evoked
a medical paradigm shift based on the plausibility to
predict the genetic susceptibility to disease. Additionally,
the development of chronic diseases should be viewed
as a continuum of interactions between the individual’
s genetic make-up and environmental factors such as
diet, physical activity, and emotions. Thus, personalized
medicine is aimed at preventing or reversing clinical
symptoms, and providing a better quality of life by
integrating the genetic, environmental and cultural
factors of diseases. Whether using genomic medicine
in the field of gastroenterology is a new approach or
a new medical specialty remains an open question.
To address this issue, it will require the mutual work
of educational and governmental authorities with
public health professionals, with the goal of translating
genomic medicine into better health policies.
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Obesity; Liver disease; Gastrointestinal diseases

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: New knowledge is growing on how genes
are involved in the physiopathology of liver and gastro-
intestinal diseases and how environmental factors,
such as diet, physical activity, and emotions modulate
the onset and progression of chronic disease. In the
era of genomic medicine, gastroenterologists and
hepatologists should be determined to integrate
genetic, environmental and cultural factors into medical
practice to prevent or reverse medical symptoms.
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INTRODUCTION

Throughout past and present history, humans have
sought cures for their ilinesses based on whatever they
believed was the cause of the malady in question?.
In the ancient world, Greek medicine was influenced
by Hippocrates’ theorem, which proposed that diseases
arose in response to a natural imbalance of four basic
humors and that treatment could be accomplished
by means of balancing the oppositest. Among the
world’s oldest medical techniques is the traditional
Chinese Medicine method of using acupuncture to
unblock the body’s energy channels or meridians to
restore health!, The practitioners of Indian Ayurvedic
medicine promote the use of herbal compounds and
special diets based on their conceptions about what
causes health and disease!**!, During the Middle Ages
in Europe diseases were perceived as a consequence
of people’s sins; in this case, treatment consisted of
prayer and herbalism. The practice of alchemy also
arose during this time, which became a protoscience
of medicine that later produced a broad range of
contributions to chemistry and the physical sciences.

Although Hippocrates is considered the “Father
of Medicine”, it wasn’t until the introduction of the
scientific method, inspired by Rene Descartes’
“Discourse on Method,” that medicine began its next
stage of development!®. Major progress began when
the previously concealed dissection of the human
body gave rise to the subject of anatomy, which later
enabled the improvement of surgical procedures'”. The
development of the microscope fostered the transition
from the macroscopic world to the microscopic scale,
impacting two fields of knowledge: the study of human
tissues and cells and the study of microorganisms.
These two areas of study led to the fields of cell biology
and bacteriology (and, later on, virology), respectively,
and inspired Louis Pasteur’s germ theory of disease, in
addition to the development of antiseptics/antibiotics
and vaccines®®.,

However, it was not until the twentieth century
that scientific medicine emerged. The development
of biochemistry and physiology significantly advanced
the understanding of many metabolic processes and
laid the foundation for the fields of pathophysiology
and pharmacology. These discoveries were the
starting point of the current paradigm that exists
in scientific-based medicine, which relies on either
surgical intervention or drug therapy to treat disease.
Additionally, the discovery of the double-stranded
DNA molecule in the 1950’s by Watson and Crick™
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Figure 1 Esquematic representation of genomic medicine: a new
paradigm shift or “back to the future”.

was a significant step forward in the field of molecular
biology. Decoding the DNA of the prokaryotic bacterial
cell led to the “one gene, one ribosome, one protein”
hypothesis™™®. In the early 1980’s, recombinant DNA
techniques based on the combined use of the PBR422
plasmid and restriction enzymes!*! enabled the
cloning of other biologically relevant DNA sequences
and marked the beginning of the pre-genomic era.
The genomic era began nearly 20 years later with the
sequencing of the entire human genome in the year
2000">*,

What's next in medicine? We began this editorial
with a brief overview of the world’s history of medicine
to elicit only one question: How should these medical
milestones be reevaluated, especially now that we are
immersed in the post-genomic era?

PARADIGM SHIFT IN MEDICINE, OR

“BACK TO THE FUTURE”

Interestingly, the 2000-year-old Biblical verse that
asks “Do you not know that your bodies are temples
of the Holy Spirit, who is in you, whom you have
received from God?” (Corinthians 6:19) is the ancient
predecessor of the expression “Orandum est ut mens
sana in corpore sano sit”, a phrase which has been
ascribed to the Roman poet Juvenal, author of the
famous Satires. From this famous Latin aphorism
emerges the medical proverb “Body, Mind and
Spirit”, which describes the ideal triad necessary for
maintaining or restoring health (Figure 1). However,
following the onset of the Descartian method, only
the measurable corporal phenomenon that could be
proven rationally was considered to be science. Thus,
quantitative studies became used to reinforce the
paradigm of providing medical treatment by either
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surgery or prescription drugs®'¥. Unfortunately, the
formal study of how spirituality and emotions affect
health fell outside of the scientific context of that time,
only to be taken up years later by religious leaders
or professionals in the fields of behavioral and social
sciences™** "),

Interestingly, modern day genomic-era scientists
have been faced with an unexpected paradox. They
realized that the massive human DNA blueprint making
up the “book of life” was insufficient to understanding
how the human body works!'®, j.e., what makes us
get sick and how can we heal. However, there is how a
consensus that additional environmental factors have
been interacting with the human genome for millennia,
thus contributing to man’s evolution. Some of these
factors include diet, physical activity, and emotions/
spirituality™”). Overall, the advent of genomic medicine
has evoked a medical paradigm shift caused by the
effects that the evolving and dynamic interactions
between the human genome and the environment
have on the processes of the human body"®. This
shift in medical thinking is providing new knowledge
into what makes people either prone or resistant to
chronic diseases and is laying the framework needed
to establish strategies for disease prevention and the
development of new therapeutic interventions'*?. Thus,
genomic medicine, with the aid of bioinformatics and
biotechnology, should enable greater understanding
of the medical aspects of human disease™®. Such
understanding may be achieved by studying the
complex interaction between genes, the environment
and culture with the goals of preventing illness and
treating diseases®"..

What is making us sick and how should we manage
illness?

The major public health obstacles of any given country
or region are the diseases that cause the highest
rates of mortality. In Latin America, as well as in
several other developed countries, non-communicable
chronic diseases are the foremost illnesses that affect
people®*?’!, Most of these illnesses are caused by the
ongoing obesity epidemic, and include cardiovascular
disease, diabetes, cirrhosis, and cancer, as well as
alcoholism. Obese patients commonly seek medical
attention only once the clinical complications of obesity
have become manifest, e.g., insulin resistance or type
2 diabetes, dyslipidemia, impaired distal circulation,
nonalcoholic steatohepatitis (NASH) or vascular brain
disease, among others. Furthermore, chronic illnesses
frequently occur with co-morbidities. For example,
alcoholism is frequently combined with some degree
of liver damage due to NASH or viral hepatitis.
Subsequently, this creates a costly burden for both the
patient and the health care system because medicine
is increasingly comprised of specialists that only treat
one facet of a disease. For example, in the case listed
above, an endocrinologist will control the metabolic
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problem, an infectious disease specialist will treat the
viral infection, a hepatologist or gastroenterologist
will treat the liver damage, and a cardiologist will
treat any vascular problems. Similarly, in alternative
medical fields such as medical molecular biology or
the behavioral and social sciences, health professionals
approach patients with chronic disease from their
respective points of view (Figure 2).

For this reason, the paradigm shift toward genomic
medicine should focus more on disease prevention
and less on treating patients at advanced stages of
disease!®!, Genomic medicine can empower both
physicians and their patients to more effectively prevent
chronic disease, particularly if we come to understand
the key genome-environmental interactions that affect
our health. Furthermore, because these interactions
regularly occur, chronic diseases should be looked upon
as a continuum of bodily (unhealthy) changes that occur
over the course of a lifetime. For example, obesity-
related chronic diseases may advance through four
stages of development: induction, progression, clinical
complications, and death® (Figure 3). The induction
phase begins in young adults between approximately
18 to 25 years of age. During this period of life the
balance between caloric intake and expenditure can be
lost as a once active person stops regularly exercising
and becomes less physically active. As he or she enters
into a sedentary lifestyle, which is associated with
increased caloric intake, metabolic abnormalities may
become manifest. First comes dyslipidemia and weight
gain, followed by a gradual increase in blood glucose,
which in turn raises serum insulin. Hyperglycemia and
hyperinsulinemia develop next, followed by insulin
resistance and, finally, overt type 2 diabetes mellitus.
However, a period of 20 to 30 years may have elapsed
between the start of induction and the advent of overt
disease, and many patients present with additional
medical complications by the time of diagnosis. For this
reason, if we are to advance to old age in better health,
we must ideally avoid the induction and progression
stages of chronic disease (Figure 3). Thus, if a patient
is either only gradually progressing through or just
starting at an early stage of disease the best approach is
to try to halt or reverse the physiopathological process,
whereas in cases of patients that are in advanced
stages of disease the goal of treatment is the provision
of a better quality of life.

However, co-morbidities are often associated with
the same periods of the induction and progression
stages of illness. For example, among the Mexican
population the consumption of alcohol starts at
adolescence®, The period between the initiation of
drinking and the development of alcohol dependence
and addiction is usually 25 to 30 years®. In the case
of viral hepatitis and HIV, sexual promiscuity plays
a predominant role as one of the major risk factors,
as well as the exposure to viral hepatitis by contact
with contaminated biological fluids®>*”). As discussed
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Figure 2 From medical specialties to genomic medicine. The same patient usually requires consultation by different medical specialists. However, from a genomic
medicine viewpoint, modern medicine should be integrative to prevent or halt chronic disease at an early stage of development.
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Figure 3 Four stages of the continuum of most chronic diseases. 1:
Induction; 2: Disease progression; 3: Clinical complications; 4: Death. An
individual with several risk factors may die at an earlier age (DARK LINE), in
contrast, with an individual who has a healthier lifestyle (DASHED LINE).

above, 25 to 30 years may pass between the onset of
infection and the onset of liver damage and cirrhosis.
In the case of NASH it has been observed that liver
damage may be detectable as early as ten years after
a patient initially becomes overweight or obese. The
result is that an individual who becomes overweight
or obese may become addicted to alcohol, infected
with a hepatotropic virus and/or may be susceptible to
developing NASH™®, Furthermore, patients suffering
from obesity or type 2 diabetes may also have
cardiovascular disease (Figure 4).
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However, most physicians know from experience
that not every obese patient will progress to type
2 diabetes. Likewise, not all those who consume
excessive alcohol will develop cirrhosis because some
patients are more prone than others to developing
liver damage’®. Furthermore, NASH generally only
manifests in obese patients who are genetically
susceptible to the disease. In the case of viral hepatitis,
not every infected patient will progress to cirrhosis and
hepatocellular carcinoma®. Therefore, the variance
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in a patient’s susceptibility to developing a chronic
disease seems to involve two important factors: genes
and the environment.

GENETIC FACTORS

The genetic factors that modify the expression of genes
comprise a broad range of structural and functional
variations of the DNA molecule. The history of clinical
genetics dates back to the time when chromosomal
disorders, such as abnormalities in the structure or
number of chromosomes, were associated with a
particular syndrome. In general, these disorders are
accompanied by congenital malformation, growth
retardation, and short stature. Severe chromosomal
abnormalities that arise in utero usually lead to
miscarriage or the premature termination of gestation.,

Further advances have spurred the investigation
of pathologies that are associated with innate errors
of metabolism, which can be identified by biochemical
and genetic testing. Although the genetic defect
may be diagnosed during the first few years of life,
offspring born with these metabolic disorders are
generally healthy at birth. These and other single-gene
(monogenic) pathologies are denoted as Mendelian
inheritance disorders and generally result from de
novo or inherited mutations that are transmitted to
offspring as dominant, recessive or X-linked traits®.
For example, in the case of obesity-related disorders,
a single structural change in one gene may lead to
rare genetic diseases such as Prader-Willi, Fraser-
Jequier-Chen, Alstrom or Bardet-Biedl syndromes®*.
In contrast, complex diseases (e.g., cardiovascular
disease, cancers, type 2 diabetes, cirrhosis, obesity)
are associated with multiple risk factors, i.e., the risk
of disease arises from more than one gene (polygenic)
interacting with different environmental factors®?. By
this definition, common obesity can be considered a
polygenic disease because of its association with single
nucleotide polymorphisms (SNPs) that encode allelic
forms of proteins that act in lipid and carbohydrate
metabolism, the regulation of food appetite and the
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circadian cycle® (Figure 5). However, not all SNPs
and environmental factors are alike in all individuals,
which results in variability in the worldwide distribution
of SNPs and non-genomic risk factors within the global
population®>°],

With the advent of the Human Genome Project
came an onslaught of novel medical technology that
was based on the newly available human genetic
data®™”. A current goal of genetic and genomic research
is the identification of panels of SNPs that can be
associated with complex common diseases, to better
understand which populations are at risk of developing
specific health conditions (e.g., colorectal cancer)®®.
Additionally, next generation sequencing technologies
have advanced from whole-genome to whole-exome
sequencing (WGS/WES) to better identify DNA variants
that are associated with disease™. Likewise, genome-
wide association studies analyze the relationship
between the distribution of SNPs and disease outcomes
among distinct human populations worldwide®!.
Given these advanced technologies, several genomic
catalogs currently serve as complementary resources
to the Online Mendelian Inheritance in Man database
(http://www.omim.org), including the Human HapMap
Project, the 1000 Genome Project, the Human Gene
Mutation Database, and, most recently, the reference
genes of the Human Gut Microbiome Project and
Human Epigenome Project™***, Furthermore, current
research is focused on integrating these different
genomic datasets to aid in the discovery of associations
between genetic variants, expression quantitative trait
loci (eQTLs), and disease phenotypes®!. Altogether,
these findings have had great impact on the practice
of medicine and will continue to do so as we better
refine disease prevention and treatment strategies
based on the genome/environmental interactions that
occur on the level of each individual, hence the term
“personalized medicine"**.

ENVIRONMENTAL FACTORS

Among numerous environmental factors, diet, physical
activity, and emotional state may all serve to modulate
man’s genetic susceptibility to chronic disease.

Diet

The ingestion of unhealthy food is one of the main
factors associated with chronic disease. As discussed
above, these diseases often begin at a young age,
as an individual begins to become overweight, and
then progress in response to obesity. Over the past
30 years, people in modern societies worldwide have
acquired unhealthy lifestyle habits such as spending
increasing amounts of time engaging in activities
requiring very little energy expenditure and engaging in
less exercise than before*”. Additionally, the majority
of obese patients have a high intake of calories in
conjunction with reduced energy expenditure. If one
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considers obesity to be a mismatched disease'” it is

easy to understand how young people with unhealthy
food habits gradually gain weight over their lifetimes,
eventually leading to the development of specific
dyslipidemias.

Dyslipidemia may be a primary or secondary lipid
disorder; the former is gene-related and the latter
is associated with the eating habits of an individual
or a population®®, Dyslipidemia that presents in the
form of hypertriglyceridemia represents a critical risk
factor for the development of insulin resistance and
liver fibrosis'*”!, whereas hypercholesterolemia is
associated with cardiovascular disease®!. Furthermore,
these altered metabolic states are associated with
glucotoxicity and lipotoxicity in target organs, in addition
to systematic inflammation that further deteriorates
bodily health™’,

Global rates of obesity have risen dramatically, and
Mexico has one of the world’s highest proportions of
overweight and obese adults™”. Genetically, Mexicans
are both ApoE2 and ApoE4 carriers according to the
population’s ancestral background®". The former has
been associated with hypertriglyceridemia and the
latter has been associated with hypercholesterolemia.
Unhealthy Mexican diets are also hepatopathogenic
because they consist of large quantities of simple
carbohydrates and saturated animal fats and are
low in fiber, vitamins and minerals®***\, The chronic
consumption of this type of diet in conjunction with the
genetic makeup of the population offers an explanation
for the high prevalence of hypertriglyceridemia,
hypercholesterolemia, and mixed dyslipidemia within
Mexico, each of which are in turn risk factors for
further metabolic complications™".

With regard to the link between diet and inflam-
mation, research into how the gut microbiome impacts
health and disease has become a rapidly growing
field®**®. Among the multiple causes of obesity and
obesity-associated chronic diseases is the shift in
dietary preferences from traditional/ethnic staple
foods to more processed/industrial foodstuffs, a
change which has altered the natural microbiome®™.
These foods have a high energy density and lack the
natural and vital ingredients that act as antioxidants,
which limits their capacity to inhibit inflammation and
potentially prevent liver fibrosis. Furthermore, this
so-called Western diet has been associated with an
increased rate of food allergies®’, Crohn’s disease™,
ulcerative colitis™®, gastritis and gastroesophageal
reflux disease!®. Many of these conditions can be
avoided if we focus on the relationship between health
and the microbiota®"®%,

Physical activity

All activity generates some degree of caloric expen-
diture; thus any person that is not resting in a bed
(sleeping) is undergoing some caloric expenditure
through physical activity. However, routine physical
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activity must be differentiated from exercise, which
is defined as a physical activity that is performed
systematically in a timely manner®®. Engaging in
physical activity is another important factor toward
maintaining good general health. There was once
a myth among patients and physicians that those
suffering from viral hepatitis just needed to rest and
eat plenty of sweets. Currently, patients with NASH
can reverse liver damage during the early stages of
fibrosis by ensuring that they are of healthy weight,
or alternatively by losing 10% of their original body
weight over the course of six months'®. This may be
achieved by instructing the patient to increase physical
activity or formally exercise, in addition to adopting
a low-calorie diet. It is important to note that it is
unlikely that the patient will succeed in losing weight
if the indicated diet is not prescribed together with
physical activity or exercise!®.,

Regular exercise and/or increased physical activity
may improve insulin sensitivity and cause significant
metabolic changes in the lipid and glucose profiles of
patients with initial or on-going chronic disease'®.
Additionally, physical activity can counteract low
metabolic rates, improve the cardiovascular system,
and promote a faster rate of weight loss than diet
alone, in addition to promoting a feeling of well-being
and alleviating psychological stress™®.

Emotions
Studies of the impact of emotions and spirituality on
physical health make up a qualitative field of medical
research that has been almost completely disregarded
by health professionals**. Spiritual issues are mainly
attended to by religious leaders, while altered states
of emotional and mental health are the purview of
psychologists and psychiatrists. However, with recent
advances in molecular biology and the development
of genomic medicine we can now begin to link genes
to emotions. For instance, several polymorphisms
may influence the response of an individual to the
environment and thus influence an individual’s
response to different emotions. One such example
is the Val*®Met polymorphism of the catechol-O-
methyltransferase gene, which metabolizes dopamine
and norepinephrine. The Met'*® polymorphism
encodes an unstable enzyme that increases the levels
of dopamine in the prefrontal cortex generating a
“worrier” personality type whereas the Val'*® allele can
generate a “warrior” personality type®”. Individuals
with the “warrior” Val**® allele perform worse on
memory tests and at work, and in terms of executive
cognition. Furthermore, individuals with the “warrior”
Val'*® allele tend to have stronger emotions, reduced
pain thresholds and an increased resistance to
stress'®”.

Overall, the worldwide adoption of healthier
lifestyle habits has proven to be a difficult undertaking.
Many factors are involved in the lack of compliance in
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following medical indications on how to regain health.
However, with regard to obesity, as is the case with
any chronic disease, health professionals might be
better at motivating more patients if they personally
act to acquire healthier lifestyle habits, thus leading by
example.

FINAL CONSIDERATIONS

From bench to bedside

Genomic medicine was once believed to be a promise
of science fiction that would never progress into an
actual practice; however, numerous medical disciplines
have recently found applications to using this medical
approach. For instance, individualized medicine has
arisen in the clinical practices of gastroenterology and
hepatology™®. Several SNPs have been proposed that
are believed to influence whether an alcoholic patient
is either resistant or sensitive to liver damage!®.
Additionally, genes that control alcohol metabolism,
genes that control addiction, and, more recently, genes
which influence an individual to favor the taste of alcohol
are all currently under investigation'***’”, Several genes
have been identified that influence the susceptibility
of an individual to liver damage, which may explain
why not all patients who are overweight or obese will
develop NASH. Additionally, there are various genes
that have been proposed to serve as genetic markers
to help identify patients that may develop liver damage
faster and more severely than others, who appear to
tolerate liver damage for long periods of time®7*, In
the first group the presence of hepatocellular carcinoma
is usually very rare®™, whereas in the second group it is
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more prevalent. Finally, there are genes that have been
found to be associated with sustained viral responses
in patients being treated with antiviral therapy for viral
hepatitis CI"?..

Additionally, because many chronic diseases are
related to nutrition, nutritional genomics has provided
a new scope for the dietary management of these
diseases!”®!. As in the paradigm of personalized
medicine, practitioners of nutritional genomics recom-
mend a diet plan based on an individual’s genetic
profile, in addition to the principles of conventional diet
therapy and lifestyle modifications™®. Furthermore,
differences in the food preferences and types of food
consumed between different populations are also
considered to have evolved in response to gene-nutrient
interactions™”. Currently, nutritional genomic research is
unraveling the evolutionary aspects that have influenced
the selection of genes that cause modern-day chronic
diseases™’*”*!, As shown in Figure 6, this integrated
approach of genomic medicine provides a new medical
paradigm for disease prevention and treatment.

Perspectives

Any scientific knowledge that causes a paradigm shift
should eventually modify university curriculums. All
professionals in the field of health science should strive
to stay updated in their field, and genomic medicine
is at present a reality. Thus, changes in curricula for
medical and other health sciences students, residents
and health professionals are only the beginning”®””.
Furthermore, issues regarding the ethical, legal and
social implications of human genomics in many fields of
medicine, including gastroenterology, remain unresolved
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and controversial®®. Although pre-test genetic coun-
seling is formally handled by clinical geneticists, the
delivery of genetic results by gastroenterologists and
hepatologists may present a challenge that requires the
acquisition of new training skills.

Therefore, whether using genomic medicine in

the field of gastroenterology is a new approach or a
new medical specialty remains an open question. Any
decision made with regard to that matter will require
the mutual work of educational and governmental
authorities with public health professionals, with the
goal of translating the knowledge generated in the
field of genomic medicine (gene discovery and gene-
environmental associations) into better health policies.
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