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Preface

The first edition of this Handbook appeared four years ago
and seems to have been useful, so this update, based on

the 6th edition of Brook’s Clinical Pediatric Endocrinology,
follows a very similar format but with some notable
additions.

Molecular biology has advanced rapidly in those years and
is beginning to have a real clinical impact so considerable
attention has been paid to this advance. You will also find
clinical pitfalls highlighted and self-assessment challenges in
each chapter. Where possible, we have included links to
established guidelines and consensus views.

The enrolment of Professor Mehul Dattani as co-editor has
been a great comfort to his (literally) senior colleague and it
is my hope that you will profit as much from his
extraordinary grasp of the science and practice of clinical
pediatric endocrinology as | have. As always, we should be
very glad to have errors drawn to our attention.

The team at Wiley-Blackwell, Oliver Walters, Jenny Seward,
Rob Blundell and Helen Harvey, provides as smooth an
operation as an author could wish for; we are very grateful
for their help in producing this book. We hope that you will
enjoy it.

Charles Brook
Mehul Dattani
2012
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CHAPTER 1

The Relevance of Molecular
Biology to Clinical Practice

Key learning points

1. The inheritance of genetic disorders in humans may be mendelian or
more complex.

2. The human genome contains around 30,000-40,000 genes, and its
complexity is further increased by the use of alternative promoters,
epigenetic phenomena and alternative splicing.

3. Further complexity is imparted by disorders of imprinting,
mitochondrial disorders, mosaicism, digenic/oligogenic inheritance, sex-
influenced phenotypes and variability of penetrance and expressivity.

4. Novel genetic techniques such as array-CGH and next-generation
sequencing will revolutionize molecular diagnostics over the next few
years.

5. Molecular diagnosis is increasingly important for optimal medical
management of a number of human disorders.

An understanding of and a facility with the molecular basis
of many endocrine and non-endocrine disorders is essential
to the practice of pediatric endocrinology in the 21st
century and knowledge is accumulating rapidly (see Online
Mendelian Inheritance in Man [OMIM], a comprehensive
catalog of human genes and genetic disorders in order to
keep pace with this field:
www.ncbi.nlm.nih.gov/sites/entrez?db=omim) (see also Web



http://www.ncbi.nlm.nih.gov/sites/entrez?db=omim

links box). With the exception of simple trauma, every
disease has a genetic component.

In monogenic disorders, for example, congenital adrenal
hyperplasia (CAH), the genetic component is the major
etiological factor. Multiple genes operating in conjunction
with environmental and lifestyle factors contribute to the
pathogenesis of polygenic or multifactorial disorders.
Genetic factors also influence the manifestation of disease
directly through the genetic defect or indirectly by defining
the host’'s susceptibility and resistance to an environmental
disease such as infection.

Genetics (Fig. 1.1) is the science of heredity and variation
and has heretofore focused on chromosomal abnormalities
and inborn errors of metabolism. Analysis of the
transmission of human traits and disease within families has
led to understanding many monogenic disorders. Diabetes
mellitus type 2, obesity, hypertension, heart disease,
asthma and mental ilinesses are complex and the genetic
susceptibilities to these disorders are influenced by
exogenous factors interacting with genetic susceptibilities.

Figure 1.1 Overview of genomics, transcriptomics,
proteomics, metabolomics, bioinformatics and systems

biology.
DNA R RMA I Protein e Metabolites
Splice variants Secondary modifications
Genlome ———  Transcriptome  ——» Proteome Metabolome
} | }
Genomics ———— Transcriptomics ——» Proteomics Metabolomics
} | }
Structural genomics Expression profiling Structural proteomics Metabolomic pathways
Comparative genomics Secondary modifications Metabolic networks

Pharmacogenomics \ Protein-protein interactions
\ Bioinformatics /
Sequence databases

Structure databases
Linking of the data with other electronic rescurces

Systems biology
Integration of genemic and postgenomic data through bicinformatics



Phenotype can also be influenced by genetic and
environmental modifiers in monogenic disorders. For
example, the expression of the phenotype in monogenic
forms of diabetes mellitus due to mutations in the maturity
onset of diabetes in the young (MODY) genes is influenced
by factors such as diet and physical activity.

The term genome, introduced before the recognition that
DNA is the genetic material, designates the totality of all
genes on all chromosomes in the nucleus of a cell.
Genomics refers to the discipline of mapping, sequencing
and analyzing genomes. Genome analysis can be divided
into structural and functional genomics. The analysis of
differences among genomes of individuals of a given
species is the focus of comparative genomics. The
complement of messenger RNAs (mRNAs) transcribed by
the cellular genome is called the transcriptome and the
generation of mMRNA expression profiles is referred to as
transcriptomics. Epigenetic alterations and chemical
modifications of DNA or chromatin proteins influence gene
transcription. The sum of all epigenetic information defines
the epigenome, which, in contrast to the genome, is highly
variable between cells and changes within a single cell over
time. Epigenetic modifications lead to phenotypic changes
without alteration of DNA sequence, and may be heritable.

The term proteome describes all the proteins expressed
and modified following expression by the entire genome in
the lifetime of a cell. Proteomics refers to the study of the
proteome using techniques of large-scale protein separation
and identification. The field of metabolomics aims at
determining the composition and alterations of the
metabolome, the complement of low molecular weight
molecules. The relevance of these analyses lies in the fact
that proteins and metabolites function in modular networks
rather than linear pathways. Hence, any physiological or



pathological alteration may have many effects on the
proteome and metabolome.

Pharmacogenomics, which involves the analysis of the
genetic factors determining the response of an individual to
a particular therapeutic agent, is emerging as a major new
field. Genetic polymorphisms can not only influence the
effects of medications but also result in variable absorption,
distribution, metabolism, and excretion of a drug.

The growth of biological information has required
computerized databases to store, organize, annotate and
index the data which has led to the development of
bioinformatics, the application of informatics to (molecular)
biology. Computational and mathematical tools are essential
for the management of nucleotide and protein sequences,
the prediction and modeling of secondary and tertiary
structures, the analysis of gene and protein expression and
the modeling of molecular pathways, interactions and
networks.

The integration of data generated by transcriptomic,
proteomic, epigenomic and metabolomic analyses through
informatics is an emerging discipline aimed at
understanding  phenotypic  variations and creating
comprehensive models of cellular organization and function.
These efforts are based on the expectation that an
understanding of the complex and dynamic changes in a
biological system may provide insights into pathogenic
processes and the development of novel therapeutic
strategies and compounds.

The human genome

Genes were identified because they conferred specific traits
transmitted from one generation to the next. They are
functional units requlated by transcription and encode
messenger (M)RNA which is subsequently translated into



