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Background.

Monogenic diseases or genetic diseases (such name is spread abroad) - a group of diseases (with diverse clinical manifestations), which are caused by mutations at the gene level and in most cases have Mendelian inheritance pattern. 

At the basis of this group of hereditary disease are single gene mutations or point mutations, which include defects of exons (deletions, insertions, substitutions, inversions), defects of introns and flanking parts (change in polyadenylation signal), which leads to changes in the composition and order of nucleotides in the DNA molecule, disorder of genetic information translation from DNA to RNA, from RNA to ribosomes and to changes of the sequence of amino acids in a polypeptide.

The following types of human gene mutations that cause hereditary diseases have been described:

- Missens;

- Nonsense;

- Frameshift;

- Deletions;

- Inserts (inertia);

- Disorder of splicing;

- Increase in number (expansion) of trinucleotide repetitions.

Mutations that cause genetic diseases, may involve structural, transport and embryonic proteins, enzymes.

Levels of protein synthesis regulation:

- Pretranscriptional.

- Transcriptional.

- Translational.

We can assume that at all of these levels, which are caused by the corresponding enzymatic reactions, can occur hereditary disease. If we accept that a man has about 10000 genes and each of them can mutate and control synthesis of protein with different structure, we can assume not less number of hereditary diseases. 

More than 5000 of nosological units of monogenic diseases are known at present. In different countries, they are found in 30-65 children per 1000 live births, which is 3.0 - 6.5%, and 10-14% in general mortality of children under 5 years 10-14%.

Monogenic pathology occupies a significant place in modern medicine.

The primary effects of mutant alleles can occur in 4 variants:

- Lack of synthesis of the polypeptide chain (protein);

- Synthesis of abnormal in the primary structure of protein;
- Quantitatively insufficient protein synthesis;

- Quantitatively excessive protein synthesis.
The result of the pathological mutation (phenotype effects) can be first of all mortality at early stages of embryonic development, to implantation. About 50% of unsuccessful impregnations are due to the loss of zygote by genetic causes (genetic, chromosomal and genomic mutations). If the development of the embryo didn’t stop at an early stage, the phenotypic effects were formed in 3 variants, depending on the involved gene and the nature of mutation nature: dysmorphogenes (congenital malformations), errors of metabolism, mixed effects (dysmorphogenesis and abnormal metabolism)

Influence of pathological mutations begins to be realized in different periods of ontogenesis, from prenatal period to elderly age. Up to 25% of all hereditary pathologies manifests in utero, 45% - in up to puberty, 20% - in adolescence and early adulthood, and only 10% - develops after 20 years. 

Disorders of various pathogenetic chains, which are caused by phenotypic effects of mutations of different genes, can lead to the manifestation of clinical disease. Such cases are called genocopy. 
Genocopies are cases in which damaging environmental factors that usually act in utero, cause illness, which by the clinical picture is similar to hereditary. The opposite condition, when in the case of the mutant genotype in human as a result of environmental influences (diet, medications and others) the disease does not develop, is called normal copying.
Classification of monogenic pathology.

There are several classifications of monogenic diseases. They are based on the following principles: genetic, clinical and pathogenetic. 

Depending on which system is most affected, hereditary diseases of skin, eyes, nervous system, endocrine, musculoskeletal, neuromuscular system, blood, cardiovascular system, gastrointestinal tract, nephrourinary system and others are emphasised. There are special terms for some groups of diseases: neurogenetics, oncogenetics, ophtalmogenetics, dermatogenetics and others. Conditionality of such classification generates no doubt because in some patients the same diseases manifest in different ways. For example, cystic fibrosis can occur mostly involving the gastrointestinal tract or lungs.
By the genetic principle, gene disorders can be divided by the type of inheritance. Following diseases are correspondingly distinguished:

• autosomal dominant diseases. For example: achondroplasia, osteogenesis imperfecta, neurofibromatosis, retinoblastoma, familial hypercholesterinemia, Marfan syndrome, Huntington's chorea and others;

• autosomal recessive diseases (cystic fibrosis, phenylketonuria, adrenogenital syndrome, albinism, ataxia-telangiectasia, galactosemia, etc.);

• X-linked dominant diseases (hypophosphatemia, Bloch-Sulzberger syndrome, etc.);

• X- linked recessive diseases (Duchenne and Becker myodystrophies, hemophilia, etc.);

• Y-linked (holandric);

• Mitochondrial;

• Diseases of expansion of trinucleotide repetitions.

Pathogenetic classification of genetic diseases divides them depending on what the main pathogenetic chain is directed to, which can lead to metabolic disorders, abnormalities of morphogenesis, or a combination of the first and second. The following diseases are distinguished: inherent metabolism diseases (IMD), congenital malformations (monogenic nature) and combined conditions. IMD in its turn is subdivided by the type of errors of metabolism (amino acid, carbohydrate, metabolism of vitamins, lipids, steroids, metals and others). 

Examples of common monogenic diseases are the following nosologic units:

• Cystic fibrosis. The gene is located in the 7q32 segment and encodes protein – transmembrane conductance regulator (CFTR). Frequency for Europe and North America - 1: 2000.

• Phenylketonuria (PKU) (12q24.1). In PKU, which is due to dihydropteridine reductase deficiency, the gene is located in the 14q15.1 segment. Frequency - 1: 10000, and in some populations - 1: 1000.

• Duchenne and Becker myodystrophy (Xp21) - 1:3000-3500 for men.

• Neurofibromatosis type 1 (17q11.2) and neurofibromatosis type 2 (22q11.2) - 1: 3000-5000.

• Inborn hypothyroidism (8q24.3) - 1: 4700. Genes are located in 1r13 and 14q31segments in not strumous forms of hypothyroidism.

• Martin - Bella syndrome (fragile X-chromosome or linked with X- chromosome mental retardation). Disease gene (FMR1) is localized in the Xq27 segment (chromosomal marker - fra Xq27.3). The expansion of three nucleotide repetitions is the basis of the disease. Frequency in the population is  from 0.3 to 1.0 in 1000.
General laws of pathogenesis.

Schematically, the principal chains of pathogenesis of monogenic diseases can be represented as follows: mutant alleles → pathological primary product (qualitatively or quantitatively changed), a chain of biochemical subsequent processes → cell → bodies→ body. This is the basic pattern of monogenic diseases in all their diversity.
The main features of the clinical picture in monogenic diseases.

Features of the clinical picture of monogenic diseases include:

- Diversity of manifestations;

- Varying age manifestation of the disease;

- Progression of the clinical picture;

- Chronic overrun;

- Overrun severity, which leads to disability in childhood and reduce life expectancy.

Biological basis of diversity of manifestations of gene diseases is a gene control of the primary mechanisms of metabolism or morphogenetic processes. 

Hereditary diseases manifest in different periods of ontogenesis: from the earliest stages of embryonic development / embryogenesis.

The reasons of the beginning of the same disease at the different age is the individual characteristics of the patient's genome. Effects of other genes on effect manifestation of mutant gene (gene interaction) can change the time of disease development. 

Progression of clinical picture, chronic protracted course of the disease with relapses are characteristic for monogenic pathology.

For example in neurofibromatosis type 1 child are born with pigmented spots of color of coffee with milk. With age spots increase in size and number, appear in the groin, neurofibromas develop. 

Progression isn't characteristic for all diseases. For example, achondroplasia develops according to bone growth in proportion to age. Rate of the disease, as it is programmed (for the period of bone growth), without further progression.

Clinical polymorphism is characteristic for monogenic diseases. It is observed both within some nosology form, and within the family. The clinical picture of the same disease can vary from subtle to elongated. 

Clinical polymorphism manifests in different terms of disease manifestation, course severity, the degree of disability, etc. S.M. Davydenkov first began to analyze the phenomenon of the clinical polymorphism of a hereditary disease in 20-30 years of the twentieth century. The scientist also discovered the phenomenon of genetic heterogeneity that is often hidden under the clinical polymorphism. Studying the causes of the clinical polymorphism has allowed S. M. Davydenkov to discover new forms of diseases and develop treatments and prevention.

The clinical picture of the disease may depend on the dose of genes.

Genetic causes of the clinical polymorphism may be due to not only the abnormal gene, but the genotype as a whole, i. e. to phenotypic environment in the form of gene-modifiers. 
Genetic heterogeneity
The concept of the genetic heterogeneity means that the clinical form of monogenic diseases can be caused by mutations in different loci or mutations in one locus (multiple alleles). Genetic heterogeneity was first noticed by S. M. Davidenkov by an example of hereditary diseases of the nervous system.

Genetic heterogeneity that is caused by mutations in different loci called interlocus heterogeneity. An example may be Ehlers-Danlos syndrome, glycogenosis, neurofibromatosis etc.

The source of genetic heterogeneity in the same locus can be multiple allelism and genetic compounds.

Genetic compounds are a combination of two different pathologic alleles of one locus in individual.
The general topic is to be able to recognize the general features of gene inherent diseases, to know diagnostic criteria of some nosologic forms with different types of inheritance.
The concrete aims of studying:
1. To recognize clinical manifestations of the following monogenic diseases: phenylketonuria, homocystinuria, Marfan syndrome, Ehlers-Danlos syndrome, Duchenne muscle dystrophy, adrenogenital syndrome, cystic fibrosis, neurofibromatosis, fragile-X syndrome and others;

2. To determine the necessity of the additional examination of the patient, including biochemical, instrumental and molecular genetic, on the basis of the general signs of gene disease.
The aims of output level of knowledge-skills:
1. To determine the general questions of etiology, pathogenesis, genetics of gene diseases, their classification.

2. To reveal some nosologic forms of monogenic pathology on the basis of somatic genetic examination, clinical genealogical and syndromologic analysis.

3. To interpret the data of the main laboratory and special methods of studying (biochemical, instrumental, molecular genetic) of monogenic diseases.

4. To determine methods of prevention and treatment (pathogenetic and symptomatic) of studied monogenic diseases.

To find out whether the output level of your knowledge-skills corresponds to the necessary level, you have to do such tasks. Check the correctness of your answers by comparing with standards.
Tasks for self-control and self-correction of the output level of skills.

Task 1.
The child of 6 years old was referred to the counseling because of frequent headaches. Phenotype: multiple pigment spots, pigmentation in the groin. Mother has multiple pigment spots, neurofibromas, pigmentation in the groin. Father is healthy. What is diagnosis?
Task 2.
A woman of 30 years old was addressed to the counseling. Height - 185cm. She was taller compared with people of the same age. Her limbs are long particularly in the distal regions. She is observed in ophtalmologist because of bilateral subluxation of crystal. ECG: prolapse of mitral valve. She has a daughter of 2 years old. The daughter is tall, with long flexible fingers, blue sclers, funnel-shaped deformation of the breast (mild degree). The woman’s husband is healthy. What’s diagnosis? What’s prognosis of future child’s health in the family? 
Task 3.
There are vomiting, water deprivation, increased pigmentation of skin, hyponatraemia in the case of increased content of potassium in blood. What is preliminary diagnosis? What is the risk of this disease for siblings?

Answers to tasks:

Task 1: Neurofibromatosis. 50%

Task 2: Marfan syndrome. 50%

Task 3: Adrenogenital syndrome. 25%
The main theoretical issues:
Introduction. General characteristics of monogenic pathology. Genic diseases in the structure of incidence and invalidization. Frequency and spreading in different quotas. Etiology and pathogenesis. Variety of manifestations of genic mutations on different levels (clinical, biochemical, molecular). Pre- and postnatal realization of the action of abnormal gene.

Clinical polymorphism (genetic heterogeneity, action of genes-modifiers and others).

Classification of monogenic pathology. Syndromes of multiple inborn developmental defects. Inherited metabolic defects. Analysis of specific nosologic forms.

Phenylketonuria. Etiology, pathogenesis, clinical picture, diagnostics, treatment, prognosis, prevention.

Adrenogenital syndrome. Etiology, pathogenesis, different forms, clinical picture, diagnostics, treatment, prevention.

Cystic fibrosis. Etiology, pathogenesis, clinical picture, diagnostics, treatment, prognosis, prevention.

Marphan syndrome. Clinic, diagnostics, type of inheritance, differential diagnosis with homocystinuria, tactics of observation.

Ehlers-Danlos syndrome. Clinic, genetics, diagnostics, tactics of observation, prevention of complications.

Neurofibromatosis. Forms, clinical picture, type of inheritance, tactics of observation.

Muscle dystrophy of Duchenne and Becker. Genetics, characteristics of mutations, clinical picture, type of inheritance, clinical diagnostics, molecular and genetic methods of diagnostics of disease and carriage, tactics of observation. 

Fragile-X syndrome. Clinical manifestations in hemizygous men and heterozygous women, diagnostics, treatment.

Demonstration and analysis of the patients with monogenic pathology.

Principles of diagnostics: clinical investigation, syndromological analysis, special methods – biochemical, ultrasound, electrophysiological, molecular and genetic, and others.

Plan of the practical class 

1. Introduction                                                                                 3 min.

2. Etiology, pathogenesis of gene disease                                       5 min.

3. Classification of monogenic pathology                                       5 min.

4. General characteristics of monogenic pathology                         9 min.

5. Analysis of specific nosologic forms                                          45 min.

6. Demonstration and analysis of the patients with monogenic pathology 
                                                                                                         15 min.

7. Educational control and correction of knowledge                      10 min.

    8. Conclusion                                                                                       3   min.               

Test control of output level of knowledge will be held at the beginning of classes. Analysis of theoretical material. Then - the students' individual work with patients. A clinical analysis of genetic maps of patients with monogenic pathology will be held under the guidance of the teacher. At the end of classes - final test control.

Тechnologic schedule of lesson conduction
	№ 
	Stage
	Time, minutes
	Study guide
	Place of lesson conduction

	1
	Determination of the initial level
	15
	Test control
	Studying room

	2
	Thematic analysis of material, genetic maps, patients with monogenic disease
	60
	Genetic maps, catalogues, pictures of patients, algorithm
	Studying room

	3
	Conclusions
	15
	Tasks, test control
	Studying room


Do some tasks-models using flow chart of the topic

Task 1. 

Child of 3 years old was hospitalized with pneumonia, which occurs for the third time. It is noted the constant attacks of cough, dyspnea, cyanosis. The child has a low weight for her age, poor appetite. Cal is gray with lots of neutral fat. The elder brother of the patient died at the age of 5 years from chronic pneumonia. Parents are healthy. What disease should be suspected by a doctor? 

A. Celiac disease.

B. Error of bilirubin metabolism.

C. Niemann-Pick disease.

D. Cystic fibrosis.

What tests can confirm this diagnosis?

A.Gliodin loading. 

B. Determination of ceruloplasmin in blood plasma.

C. Determination of chlorides in sweat

D. Determination of enzymes in the duodenal juice.

What drug prescription is a priority in this disease?

A. Creon.

B. Atropine.

C. No-spa.

D. Broad-spectrum antibiotics.

Task 2.

Regression of acquired skills and increasing dementia are marked in six months girl. The parents noticed that the child has an unusual urine odor. The eldest son in this family is healthy. What disease should be suspected by a doctor? 

A. Shereshevsky-Turner syndrome.

B. Congenital hypothyroidism.

C. Phenylketonuria.

D. Beckwith–Wiedemann syndrome.

What biochemical changes in blood will confirm this diagnosis?

A. High levels of glycine and metylmalonic acid.

B. Hyperphenylalaninemia.

C. Reduction of the level of tyrosine.

D. Increase of the level of glycosaminoglycanes in blood.

What are the principles of treatment of this disease?

A. Prescription of nootropics.

B. Long-term dietary therapy.

C. Substitution therapy.
D. Antibiotic therapy.
Appendix
Total inborn errors of metabolism occur approximately in every 500th newborn [15]. Inherited metabolic diseases (IMD) of amino acids (AAs) are the most common diseases, probably because of the complexity of protein organization.
   Clinical manifestations of this pathology usually occur in the early neonatal period. A gene mutation has pleiotropic effect on the body, which is manifested by disturbances of various organs and systems. It is necessary to pay attention to the appearance of a child, the features of skin pigmentation and its appendages, the changes of vision and hearing organs, internal organs, the locomotor apparatus. Biochemical methods play a key role in the diagnosis of IMD of AAs. These methods can be made available for specialized medical centers, diagnosing metabolic disorders, and this diagnosis requires application of complex expensive equipment and rare reagents.

   Phenylketonuria (PKU) is the most common metabolic defect of phenylalanine (amino-acid). In a normal condition, phenylalanine (PhA) is decomposed via tyrosine pathway. Phenylalanine hydroxylase or tetrahydrobiopterin (its cofactor) deficient leads to PhA accumulation in biological liquids of the body. There are several clinically and biochemically heterogenic forms of PKU.

   Classical phenylketonuria is a disease caused by a mutation in the phenylalanine hydroxylase gene (PAH) localized on 12q24. 100 mutations are localized in PAH, including substitutions, insertions, deletions. Inheritance type is autosomal reccesive (AR).

   Diseases are developed as a result of the interaction of great amount of PhA and the products of its metabolism (phenyl-pyruvic, phenylacetic, phenyl-lactic acids, phenylethylamine and other) on the body, and these products accumulate in the body as a result of a full of partial absence of phenylalanine hydroxylase enzyme. 

   PhA and its metabolites inhibit biochemical processes necessary for normal brain development: protein metabolism, glycol - and lipoprotein metabolism, AA transport, hormone metabolism, causing disorders of nervous system myelination in children, liver parenchyma lesions and other metabolic disorders.

  Neurologic disorders (psychomotor development delay with mental retardation outcome, convulsions or epi-equivalents muscle tonus and reflex sphere disorders, behavioral anomalies and etc.), gastrointestinal tract affection (vomiting, loss of appetite, moderate enlargement of the liver), skin affection ( dermatitis, eczema, hypopigmentation of the skin and its derivatives), kidney affection (secondary tubulopathy caused by the release of pathologic products of metabolism, which is

 followed by a specific urine odor), and also other clinical manifestations. FKU manifests in the first year of life, usually at the age of 2-6 months.

   Clinical course severity of PKU and a high frequency of invalidization, caused by oligophrenia, lead to the necessity of early (preclinical) diagnosis of this enzymopathy. The most effective method of early recognition of PKU is a mass screening of neonates, the criteria for its conduction are: 1) a high frequency of disease occurrence in population; 2) Clinical manifestation severity, leading to invalidization; 3) the availability of the effective methods of treatment; 4) the  presence of economically beneficial and technically available screening programs.

   PhA blood level in classical PKU reaches 900-1200 mcmol/l (more than 15%). The products of decarboxylation and transamination of PhA are present in urine. 

   Progressive mental retardation in children with PKU can be prevented by the administration of a diet with a very low content of PhA. Vegetables, fruit, juices and also special starch products with a low content of protein are included in a diet regime of patients. A specialized diet is administered on a basis of hydrolysates or synthetic amino acids with no PhA, but with all other necessary AA, for protein supply and normal body development.
Phenylketonuria II type. Atypical forms have been described together with ‘classical’ form of PKU. An increased concentration of PhA is caused by a defect in the enzyme necessary for tetrahydrobiopterin in approximately 2% of children. This disease is inherited in an autosomal recessive pattern. A genetic defect is localized to 4p15.3.

   Tetrahydrobiopterin restoration (BH4) as a cofactor in hydroxylation of PhA, tyrosine, tryptophan, which are necessary for the production precursors of neuromediators of catecholamine and serotonine range of L-dopa and 5- oxytryptophan , is impaired due to dehydropterinreductase deficiency, is disturbed due to dehydropterinreductase deficiency, that is confirmed by the decrease of homovanillic and 5- oxyindolacetic acids. Folate level in blood is sufficiently decreased, that is explained by the connection of folate and biopterin metabolism (dehydropterin reductase takes part in tetrahydrofolic acid metabolism).

    BH4 is synthesized from guanosine triphosphate. Several enzyme defects, which lead to its deficient, are known. Dehydropterin synthetase deficient can be found in a half of patients. It was indicated for the cases of guanosine triphosphate cyclohydrolase deficient.

  In most children, it is almost impossible to distinguish from classical PKU in the first months of life. Severe mental retardation, convulsions, the signs of an increased excitability, spastic tetraparesis predominate in clinical picture. The clinical course is progressive, often results in death at the age of 2-3 years. 

  This disease is revealed by mass screening conduction. High concentrations of PhA combine with the increase of neopterine and biopterine in biological liquids. It is possible to reveal significant increase of neopterine level followed by biopterine level decrease (the increase of neopterine /biopterine correlation; neopterine /biopterine correlation is low in children with reductase deficient).

   Carrying out uploading test with tetrahydrobiopterin has a diagnostic significance: oral administration of BH4 in a dose of 7-10 mg/kg normalizes PhA concentration in blood serum within 4-6 hours. Enzymatic activity estimation is used for confirmatory diagnosis: dehydropteridin reductase in the liver, leukocytes, erythrocytes, skin fibroblasts; dehydropterin synthetase activity in the liver, possibly, in erythrocytes; guanosinetriphosphate cyclohydrolase deficient in the liver, lymphocytes.

   The treatment is a diet with PhA limitation. There are PhA concentration decrease and transmitter synthesis restoration as a result of this diet. Such drugs as L-dopa, carb dopa,  5- hydroxyl trypthophan, 5- formyltetrahydrofolate,  can prevent neurologic symptomatology development. Treatment efficiency depends on onset time. Substitutive therapy with BH4 (20-40 mg/kg per day) is also indicated.

    Stable hyperphenylalaninemia is a condition followed by insignificant increase of blood PhA (up to 15-20mg/dl). The residual activity of phenylalaninehydroxylase is 1-35% in these patients. It is revealed by mass screening. Together with an increased concentration of PhA in children, there is an absence of clinical symptoms of this disease. They are normally developed without keeping a specific diet. Diet protein limitation, biochemical control of PhA level, monitoring of child development assessment are indicated.  

   Transient hyperphenylalaninemia: a moderate increase of PhA occurs in some neonates, especially in premature neonates. Increased levels of PhA and tyrosine are normalized in a child after the maturation of tyrosine oxidation system. A moderate increase of PhA can be found during maturation delay of PhA-transaminase and receiving protein-enriched milk. PhA level is normalized during child feeding with breast milk or milk formulas similar to protein composition of breast milk.
   Maternal phenylketonuria: it was reported that children with mental retardation were born in women suffering from FKU (Dent, 1957). Fetus affection severity (even if it doesn’t suffer from FKU) correlates with PhA concentration in mother’s blood. PhA penetrates via the placental barrier and accumulates in the placenta.

   An increased frequency of spontaneous abortions, weight loss in children at birth, microcephaly, mental retardation, congenital heart defects, developmental abnormalities are reported in women with PKU . The frequency of various abnormalities in the fetus is abruptly reduced during blood PhA level decrease before pregnancy in women. The purpose of the dietary treatment of women is PhA level reduction to 6-8 mg% before pregnancy. The diet should be enriched with tyrosine (additionally 3-8 g), it should contain the essential amino acids, vitamins. Appropriate therapy can prevent the majority of the manifestations of maternal PKU.
  Thus, PKU is a group of recessive monogenic diseases with similar pathogenesis and clinic. There are three main, their common features: 1) phenylalanine increase in the blood, 2) monogenic autosomal recessive inheritance, 3) beginning in early childhood. 
   Disorders of tyrosine metabolism: tyrosine is an aromatic AA, it takes part in the formation of Acetyl Co-A without the intermediate formation of pyruvate, serves as a precursor of dopamine, noradrenaline.
   Tyrosinemia type I (tyrosinosis, hepatorenal tyrosinemia) is caused by fumarylacetoacetat hydrolase and maleylacetoacetate hydrolase deficiency.

   Clinic: the acute form - death from liver failure at the age of 6-8 months. Neonatal period is characterized by diarrhea, vomiting, "the smell of cabbage", developmental delay. The chronic form of tyrosinosis is characterized by similar, but less severe symptoms.
  Diagnosis: the increase of tyrosine and some other amino acids, especially methionine in blood plasma, is biochemically noted.
  Treatment is to administer a diet low in tyrosine, phenylalanine, sometimes methionine.
    Alpha
   Tyrosinemia type II ( Richner-Hanhart syndrome) is caused by tyrosine transaminase deficiency. Mental retardation (MR), palmar and plantar point hyperkeratosis and herpetiform corneal ulcers, cases of self-mutilation are noted in patients. There were no disorders of liver and kidney function.
  Treatment: tyrosine and PhA restriction.
  Diagnosis: increased tyrosine in plasma and urine, and urinary excretion of n-hydroxyphenyl pyruvate, n- hydroxyphenyl lactate, n- hydroxyphenyl acetate, n-acetyltyrosine, tyramine.

   Tyrosinemia of neonates (n-hydroxyphenylpyruvate hydroxylase failure) is accompanied by an increase of tyrosine and phenylalanine in blood serum. The clinical course in most children is asymptomatic, and lethargy, nutritional disorders, decreased motor activity can be occurred. It is corrected after vitamin C intake.
  Alkaptonuria is developed as a result of homogentisatoxydase deficiency. Ochronosis (connective tissue pigmentation), arthritis are noted in the later stages of the disease.
  Diagnosis: The disease is accompanied by increased excretion of homogentisate in urine, resulting in darkening of urine when exposed to air.
   Chokinesinuria (tyrosiluria) is inherited in an AD type, is characterized by full-brown metabolic acidosis, ketosis, retarded growth.                                                                                             Diagnosis: biochemically observed an intermittent increase of tyrosine in blood, urinary excretion of p- hydroxyphenyl pyroracemic , p-hydroxyphenylacetic, 4- hydroxycyclogexylacetic (4-GTSUK) acids and hokinsine.
  Treatment: Disorders were corrected by a diet with PhA and tyrosine restriction. Clinical symptoms were reduced in the 1 year of life.
    Albinism is caused by melanin production defect. Albinism, a clinically and genetically heterogeneous group of diseases, is developed as a result of genetic defects in the process of normal melaninogenesis.
    Etiology: tyrosinase deficiency, the disorder transport protein function, melanocyte migration or the loss of pigment stem cells in the early stages of embryogenesis. The disease frequency: 1:10000 - 1:120000.
   Albinism type I, tyrosinase-negative, oculocutaneous: the type inheritance is
AR. Presumably the gene is localized on chromosome 11. Clinically, the disease manifests with pale skin, white hair, light blue iris. Ocular symptomatology is presented by nystagmus, photophobia, blurred vision, conjunctivitis, blepharitis, sometimes cataract and retinitis.

    Fundus picture: transparent sclera with browsing choroidal vessels, hypoplasia of the macula, unexpressed central fovea of ​​retina.
   Specific treatment hasn’t been developed.
   Albinism type II (tyrosine-negative, oculocutaneous, albinoidizm) is a non-allelic form of recessive albinism.
   Clinic: reducing the degree of pigmentation of the skin, hair, iris and retina.
   Pigmented nevi or spots and tyrosinase activity in the hair follicles can be differential features that differentiate from albinism type I.
   Albinism type III (minimal pigment type) was described by E. King in 1986. The type of inheritance is AR. Tyrosinase is not defined in the hair bulbs. There is no pigment of the skin and eyes (white hair, blue iris) since the birth of the patients. Moderate pigmentation of the iris develops during the first decade of life. 
   Albinism type IV with a moderate decrease in pigment content: The type of inheritance is AR. There is tyrosinase in the hair bulbs.
   Clinic: nystagmus, 50% of patients with strabismus; sun sensitivity is not full-brown. 
   Ocular albinism: The type of inheritance is AR. Photophobia, nystagmus, translucent iris, decreased visual acuity, refractive errors, strabismus, fundus changes typical for albinism. 
   Ocular albinism, sex-linked: The type of inheritance is recessive, X-linked. Occurs only in males; fundus changes, which are typical for albinism, are revealed in female carriers.
   Clinic: similar to an autosomal recessive form of ocular albinism.

   Albinism (yellow mutant) was described in the Amish. There is no tyrosinase in the hair follicles, melanogenesis disorders are revealed.                                                                          Clinic: there are profound hypopigmentation of the skin and eyes, severe eye symptoms characteristic for albinism since birth. With age, skin pigmentation is normalized, hair get a yellow color; eye pathology persists.
   Hermansky-Pudlak syndrome (oculocutaneous albinism with hemorrhagic diathesis) was described in 1959 year. The type of inheritance is AR.
   In the pathogenesis: there is an accumulation of a ceroid-like substance in the reticuloendothelial cells.
  Clinic is as in albinism type II: hemorrhagic diathesis with bleeding with minimal interference, increased bleeding time, decreased optical density of platelets, disorders of their aggregation, signs of storage diseases: infiltration of internal organs, the development of pulmonary fibrosis, inflammatory bowel diseases, cardiomyopathy, renal failure.
  Treatment: use of vitamin E.
   Chédiak–Higashi syndrome: was described in 1952, the type of inheritance is AR. Enzymatic defect of granulocytes is possible.

   Pathogenesis: decreased cellular immunity with bactericidal activity inhibition and phagocytosis impairment.
  Clinic: partial oculocutaneous albinism, susceptibility to recurrent suppurative infections; hepatosplenomegaly, hemorrhagic syndrome. There are malformations of the central nervous system and other organs, cataracts.
  Laboratory: normal and hypochromic anemia, neutropenia, thrombocytopenia, a giant grain of granulocytes.
  Cystinosis - amino acid absorption in the kidneys occurs against electrochemical concentration gradient and isn’t a simple process of diffusion. Organic renal diseases are not always accompanied by hyperaminoaciduria. The most abrupt errors of amino acid metabolism, accompanied by an increase of their concentration in urine, are marked in glomeruli affection. Hereditary caused diseases relate to hyperaminoacidurias of renal origin.
   Cystinosis is an impaired function of lysosomes. The diagnostic feature is a common aminoaciduria.

   Clinic: the formation of cystine crystals in tissues and organs, especially in the reticuloendothelial system.
   Treatment: death at an early age with symptoms of acute renal failure.

   Cystinuria (cystine-lysinuria) - a consequence of transport disorders in kidneys. It is characterized by an increased excretion of cystine in urine 20-30 times higher than norm, lysine, arginine, ornithine excretion.
  Clinic: appearance of cystine stones in the renal tubules, may occur benign. The treatment is based on a diet with cystine restriction.
   Homocystinuria (HCU) - metabolism disorder of sulfur-containing AA has a pathological effect on the vital organs and systems. The increase in homocysteine ​​in blood leads to the formation of necrotic and degenerative areas of kidneys, spleen, mucosa of the stomach, skeletal system, vessels. Homocystinuria is characterized by mental retardation with the formation of focal neurological symptoms, ectopic lens, skeletal deformities, thromboembolism and cardiovascular pathology.
   Treatment: HCU is variable in age and clinical symptoms, is found mostly in childhood and adolescence.
   The primary metabolic disorders of sulfur-containing amino acids also involve other aspects of metabolism in pathological process. This is a reason of the variety of clinical signs.
   HCU I type is a failure of cystathionine -synthase. It is biochemically characterized by increased level of methionine in plasma, of homocysteine ​​- in urine and plasma.
   Clinic: thrombosis, osteoporosis, shift lens, often vivo, Marfan-like skeletal abnormalities.
   Treatment: a diet low in methionine and high in cysteine​, vitamin B6.

   HCU II type: N5, N10-methylenetetrahydrofolate reductase deficiency, required for methylenetetrahydrofolate production as a source of methyl groups to form methionine from homocysteine.
   Diagnosis: increased methionine in plasma, increased homocysteine ​​- in urine and plasma, homocysteine excretion.
   Clinic: apnea during neonatal period, myoclonic convulsions, coma and death; in a case of a partial defect – mental retardation, convulsions, spasticity.
   Treatment: a diet low in methionine and high in cysteine​, vitamin B6, folic acid.
   Homocystinuria type III: N5, methylenetetrahydrofolate homoctsteine transmethylase deficiency due to impaired synthesis of methylcobalamin from B6.
   Diagnosis: increased methionine in plasma, homocysteine excretion in urine, there is methylmalonic acidemia.
   Clinic: B6 in a dose of 100 mg / per day.
   Homocystinuria type IV:  a low activity of N5, methylenetetrahydrofolate homoctsteine transmethylase due to cobalamin malabsorption in the intestine.  

   Hypermethioninemia: methionine adenosine transferase defect of the liver
   Clinic: Liver diseases, tyrosinemia, homocystinuria type I, transient hypermethioninemia.
   M-mercaptopyruvate-cysteine disulphiduria – mercaptopyruvate-cysteine disulphide defect.
   Diagnosis: an increased excretion of ß-mercaptolactate-cysteine disulphide.
   Clinic: moderate developmental delay development and lens dislocation.
   Methionine malabsorption syndrome - methionine malabsorption in the intestine. It is characterized by mental retardation, growth retardation, hypoprotein edema. Symptoms of the disease are caused by methionine deficiency (irreplaceable AA) and inhibition of protein synthesis. Patients may suffer from breathlessness seizures and convulsions. Melanin defect is observed. 

   Taurinuria - L-cystine is a precursor of thioethanol amine fragment of coenzyme A. It is also a precursor of taurine, forming conjugates with bile acids. In the child, taurine plays an important role in the development of brain tissue and eye retina, is involved in the transmission of nerve impulses, maintenance of the structure of cellular and subcellular membranes, osmoregulation, promotes myocardial contractile function. Taurinuria is observed in individuals suffering from as camptodactyly as a result of a dominant gene.
   Metabolic disorders of L-alanine, glytamine and asparagine catabolism were not found, probably because of any defect in functioning of transaminases is incompatible with the viability of the organism. In the study of free AA in serum, increased alanine reflects the concentration of pyruvate and, indirectly, lactate. Alanine/lysine ratio should be less than 3.
    B-alanine is mainly a product of uracil, carnosine and anserina catabolism. A rare metabolic disorder of hyper-ß-alaninemia ischaracterized by increased free ß-alanine in plasma, cerebrospinal fluid in urine, as well as in the tissues of the brain, liver, kidneys and  in skeletal muscles; also the content of taurine and ß-aminobutyrate is raised.
   Threonine is an essential amino acid, is desamidizated to ά-oxobutyric acid and is decomposed to succinic acid through the formation of propionic acid. Metabolic disorders of threonine are characterized by episodic convulsions and developmental delay, accompanied by increased threonine in blood and urine. The localization of the enzyme unit is not determined.
   Histidinemia - disorders of histidine catabolism is due to histidase deficiency, the type of inheritance  - autosomal recessive.
   Clinic: mental retardation and speech defects are observed.
   Laboratory: increased histidine in blood and urine, as well as increased excretion of imidazole pyruvate.
   Prolinemia type I develops as a result of proline oxidase deficiency. Biochemically, there is an increase of proline in blood serum.
   Clinic: is characterized by the variability and instability - from asymptomatic to symptomatic clinical course in a form of deafness, kidney pathology, severe mental retardation, convulsive disorder.
   Prolinemia type II is due to dehydrogenase deficiency.                                                           Clinic: convulsions, intellectual defect, more rarely CNS depression, paresis, paralysis. There is biochemically marked increased proline and hydroxyproline in blood, proline catabolism is not impaired. Metabolic disorders of hydroxyproline do not influence on collagen metabolism and, apparently, are harmless.
   Tryptophan. Metabolic disorders of tryptophan include kynureninase defects. Pyridoxal phosphate is a coenzyme of many enzymes involved in amino acid metabolism processes.
   Hartnup disease is characterized by the appearance of skin rash, as in pellagra, intermittent cerebellar ataxia and mental retardation.
   Laboratory: increased urinary excretion of indolacetate and tryptophan. AA level in plasma is not increased against the background of generalized hyperaminoaciduria (HAAU), there is a pathological decrease of tryptophan, due to intestinal absorption disorder.
   Tryptophanemia is characterized by mental retardation (MR), dwarfism, cerebellar ataxia and pellagra-like rash. Tryptophanuria and moderate tryptophanemia without HAAU are revealed in patients.              
Kinureninuria is due to a partial block of kinurenine hydroxylase. Patients have scleroderma.
   Treatment: high doses of pyridoxine may give a positive dynamics.
   Disorders of branched-chain AA catabolism: maple syrup disease: there are classical, intermittent, moderate and thiamine-dependent forms. There are malnutrition, vomiting, lethargy, and coma in the acute form during the first week of life. Neurological findings are similar to those in sepsis or meningitis. The majority of children have convulsions, often hypoglycemia. Increased level of leucine, isoleucine, valine in plasma and urine, due to reduced or absent activity of ά-keto acid decarboxylase, is biochemically observed.

   Hypervalinemia is characterized by an increase in plasma valine, due to valine transamination disorder with ά –ketoisovalerate formation. Patients have mental developmental and growth retardation.
  Leicinisonemia is manifested by mental retardation, convulsions, retinal degeneration and neurogenic deafness, body weight gain termination.
   Biochemically, there may be increased proline, valine, leucine, isoleucine.

   Intermediate metabolites of branched-chain AAs include organic acids that cause full-brown metabolic acidosis. Common signs of organic academia include food refusal, vomiting, acidosis, dehydration, neutropenia.
   Metabolic disorders of L-lysine. A primary disorder blocks the conversion of AA and ά-ketoglutarate to saharopin. During periodic hyperlysinemia, protein intake causes increased concentration of lysine in tissues and, as a consequence, secondary hyperammonemia. Arginine and citrulline levels in plasma can be increased during seizures in patients. Resistant hyperlysinemia is characterized by a full-brown mental and physical developmental retardation, "joint laxity'', convulsions to asymptomatic forms. 
   Metabolic disorders of serine and glycine. Serine is used for synthesis of glycine, cysteine, purines and thymine. It is formed from the 3-phosphoglycerate (glycolysis) and dehydrated to pyruvate. Serine hydroxymethyltransferase, using tetrahydrofolate as a source of methyl groups, converts serine to glycine.
    Diseases related to serine deficiency - rarely occurring pathology with understudied clinic. It is characterized by severe neurological disorders, congenital microcephaly, described cases of genital hypoplasia, psychomotor retardation, epilepsy, sometimes found spastic tetraparesis, cataract, disorders of the digestive tract, hypogonadism.

   There are the following types: 1) related to 3-phosphoglycerate dehydrogenase deficiency; 2) a patient with Williams syndrome and 3-phosphorserine phosphotase (epilepsy absence, the normal level of glycine) was described; 3) an unknown enzymatic defect with growth retardation, polyneuropathy, ichthyosis.
   Diagnosis: Reduced levels of serine, glycine may be normal or reduced in the study of AA in blood (fasting) and CSF. Enzymatic studies in skin fibroblast testing.
  Treatment: L-serine - 200-500 mg / kg per day, glycine administration is possible - 200-300 mg / kg per day.
   Glycinuria develops as a result glycine reabsorption impaired glycine reabsorption in the kidney tubules and is characterized by the formation of oxalate kidney stones with normal oxalate in urine.
  Biochemically, there is increased urinary excretion of glycine with a normal content of the latter in blood. Primary hyperoxaluria develops as a consequence of a combination of glycine transaminase deficiency and oxidatation disorder of glyoxylate to formate. There is an increased excretion of oxalate in urine and a progressive bilateral formation of oxalate stones in the urinary tract, nephrocalcinosis.

   Glycine is synthesized mainly from serine and threonine. Glycine level increases in biological fluids in patients with various metabolic disorders. Such metabolic disorders include propionic, methylmalonic, and isovaleric academia and ketothiolase deficiency, united by the general name ketotic hyperglycinemia. Organic acids inhibit enzyme systems involved in the cleavage of glycine.
   Non-ketotic hyperglycinemia. It was described in1965. The type of inheritance is AR. It is due to pholate-depandent enzymatic system, which breaks down glycine to CO2, NH3 and hydroxymethy tetrarahydrofolic acid. There are 4 forms of non-ketotic hyperglycinemia depending on the defect of one of the four enzymes of the mitochondrial glycine cleavage system (pyridoxalphosphate –dependent glycine decarboxylase; lipolic acid containing protein; tetrahydrofolate-requiring enzyme, lipoamid dehydrogenase).
   Pathogenesis: the toxic effect of glycine on the CNS.
   Clinic: it is manifested in the neonatal period. Lethargy, food refusal, a full-brown drowsiness, the absence of spontaneous movements, hypotonia, the extinction of conditioned reflexes are observed, at a later age - severe MR (mental retardation), convulsions, muscle hypotonia.
  Biochemically there is increased glycine concentration in blood, urine, and cerebrospinal fluid.

  Treatment: a protein-restricted diet and the administration of a combination of amino acids not containing serine and glycine. Benzoate sodium, methionine, N5-formyl tetrahydrofolate administration. 

  Disorders of amino acid catabolism of urea cycle lead to the production of ammonia, which is highly toxic for the nervous system. Clinical symptoms, which are common for all urea cycle disorders, include vomiting, apocleisis (protein enriched food), hypotaxia, irritability, drowsiness and mental retardation. 
  Hyperammonemia I type: cabomoyl phosphate synthase deficiency. 

  Increased ammonia in blood is biochemically observed.

  Clinic: vomiting, apocleisis (protein enriched food), hypotaxia, irritability, drowsiness and mental retardation. 
  Treatment: a protein-restricted diet, frequent food intake in small portions.

  Hyperammonemia I type is due to ornitine carbomoylphosphate transferase deficiency, which catalyses the production of citrulline and phosphates from ornitine and carbomylphosphate. It was described in 1962. The types of inheritance are AR, AD, X-linked, dominative.

   Increased glutamine, glycine in blood and urine, hyperammonemia, increased excretion of orotic acid are biochemically observed.
   Clinic can be due to ammonia intoxication and the influence of an increased level of amino acids on the CNS. Abrupt inhibition of the CNS, vomiting, convulsions, mental retardation, respiratory disorders, respiratory dialysis are observed.
  Treatment: a protein-restricted diet, in the acute period – hemodialysis, peritoneal dialysis.

  Citrullinemia – argininosuccinate synthetase deficiency resulting in synthesis reaction blocking of argininosuccinic acid from citrulline and asparaginic acid. It was described in 1962 year. The type of inheritance is AR. The gene has been mapped on eight human chromosomes. 

    Increased citrulline in blood and urine, hyperammonemia are biochemically observed.

    Clinic: the clinical course varies from asymptomatic to rather severe with a fatal outcome in the early neonatal period.

    The acute neonatal form manifests in the first days of life. Impaired sucking and breathing, a full-brown drowsiness, muscle hypertone, convulsions, CNS inhibition. There is a fatal outcome.

     The second form of citrullinemia manifests during the first year of life. It is characterized by periodic seizures of cerebral disorders, vomiting, convulsive syndrome, psychomotor and physical developmental delay. Hepatomegaly and hemorrhagic syndrome are sometimes observed. Disease recrudescence – in a case of increased protein intake, in the presence of intercurrent diseases.

     The third form of citrullinemia distinguishes by benign clinical course. Clinic is absent.

     Treatment: a protein-restricted diet, biochemical control.

     Argininesuccinatic aciduria is due to the absence of argininosuccinase, which catalyses arginine and fumarate production from argininosuccinic acid. The type of inheritance is AR. Mutant gene is localized on the 7-th chromosome.

    Increased concentration of argininosuccinic acid in blood, cerebrospinal fluid and urine, frequent hyperammonemia are biochemically observed.

    It is clinically heterogenic. There are from mild forms to severe forms with a fatal outcome at the early age.

    Early-onset form is characterized by anorexia, food refusal, drowsiness, CNS inhibition signs, respiratory disorders, muscle hypotonia, convulsive syndrome, vomiting, hepatomegaly. Late-onset form is characterized by MR, convulsions, transitory ataxia, hepatomegaly, muscle hypertonia change, fractured and dry hair. Single cases of normal intelligence have been described. 

   Teatment: protein-restricted intake. An individual approach under condition of continuous biochemical control.

   Hyperargininemia is caused by arginine deficiency, which catalyzes arginine breakdown to ornitine and urea. It was describes in 1969 year. The gene of liver arginase is localized at 6q23.

   Increased arginine concentration in blood and cerebrospinal fluid, hyperammonemia, hyperaminoaciduria are biochemically observed.

   Clinic: the first signs are marked in the first six months of life: cerebral disturbances are mental retardation, diplegia, convulsions, transitory vomiting, hepatomegaly. 

   Treatment: a protein-restricted diet with the addition of a combination of essential amino acids.

   Thus, hereditary metabolic diseases of amino acids relate to that pathology category in early childhood, which leads to severe clinical manifestations, invalidization and even death in early childhood. Different variants of dietary therapy, vitamin therapy (B6, C) are used to normalize metabolic processes depending on prevalent metabolism disorder. Medical and social meaning of hereditary metabolic diseases is determined not only by their significant role in children but also by that patients with this pathology become disabled persons and huge funds are spent for their maintenance.

    Hereditary metabolic diseases of amino acids often lead to a fatal outcome and invalidization in the absence of an adequate therapy. Patients have an increased level of one or more amino acids in urine and /or blood and usually have the initial metabolic defect, which can be revealed in complex familial examination with use of clinical and genealogical, syndromological analyses and also biochemical and molecular and genetic methods of study.                                                                                                    
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