    MEDICAL GENETICS

    CONTENTS MODULE 4

    MONOGENIC DISEASES. 

    INHERENT DISEASES OF CNS
      Guidelines for students and interns 
       МЕДИЧНА ГЕНЕТИКА

          ЗМІСТОВИЙ МОДУЛЬ 4 МОНОГЕННІ ХВОРОБИ. 

СПАДКОВІ ХВОРОБИ ЦНС
                                           Методичні вказівки
       МІНІСТЕРСТВО ОХОРОНИ ЗДОРОВ'Я УКРАЇНИ
           Харківський національний медичний університет
         MONOGENIC DISEASES.

      INHERENT DISEASES OF CNS

     Guidelines for students and interns
Методичні вказівки
для студентів та лікарів-інтернів
                              Established by academic council 

                              of KhNMU

                     Record №__ from 23.03.13
Харків
ХНМУ

2013
Institution-designer
MH OF UKRAINE

KHARKIV NATIONAL MEDICAL UNIVERSITY
COMPOSERS:

E.Y. Grechanina – the head of the department of medical genetics of KhNMU, M.D., Professor

Y.B. Grechanina – A.P. of the department of medical genetics of KhNMU, M.D.

L.V. Molodan - A.P. of the department of medical genetics of KhNMU, Candidate of Medical Science
E.P. Zdubskaya - A.P. of the department of medical genetics of KhNMU, Candidate of Medical Science
E.V. Bugayova - A.P. of the department of medical genetics of KhNMU, Candidate of Medical Science
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
Theme actuality. Any inherent disease has some common features. One of these features is a clinical polymorphism or an affection of multiple organs and systems. But one of the most sensitive systems is the nervous system, because sequences of mutation processes action first are reflected in work of the most active organ. Pathologic changes in the nervous system are characteristic for all genetic diseases and genetically caused diseases, although in one case they are primary, and in other cases they can be secondary, caused by a toxic action of metabolites which are not digested  (in metabolic diseases) or with a general weakness (in mitochondrial pathology).Pathological manifestations of CNS affection include various signs from minimal brain dysfunction and perinatal CNS affection to a wide picture of progressive dementia, epilepsy and demyelination formation, and as a result, a patient becomes disabled. There are own features in various types of genetic diseases despite generally common manifestations of CNS affection. Special attention is paid to mental retardation (MR), which is more or less observed in all hereditary diseases. 
  General aim is to be able to determine risk etiology of manifestations of CNS affection in various types of genetic diseases, to conduct a clinical and genealogical analysis in families burdened with CNS pathology manifestations, to know and be able to use prevention methods for manifestations of hereditary CNS affections.

	                                           To be able to


	Specific aims
	Initial aims

	1. To learn etiology, pathogenesis and risk factors of CNS disorder development (genetic origin)
	1. To gather complaints, anamnesis, to carry out somatic and genetic examination of the family with genetically caused CNS pathology

	2. To determine genetic factors of CNS pathology manifestations
	2. To compose and analyze a pedigree of such family 

	3. To determine environmental risk factors of CNS pathology manifestations
	3. To make a plan of family examination

	4. To gain possession of examination and follow up families with genetically caused CNS pathology
	4. To analyze results of carried out examinations

	5. To gain possession of pedigree composition of patients with genetically caused CNS pathology

	5. To measure empiric risk for patient’s children and siblings 

	6. To create algorithms of prevention methods in the most common manifestations of genetically caused CNS pathology
	6. To carry out prevention methods


   Chromosomal diseases
    All chromosomal diseases have the common signs: prenatal hypotrophy, craniocerebral and skeletal dysmorphic disorders, psychomotor development delay, neurologic disorders, endocrine system pathology. 

    Chromosomal syndromes can be divided into quantitative and structural disorders. An increase in the number of chromosome set, which is multiple of haploid (polyploidy), or in the number of distinct pairs of chromosomes (aneuploidy), can be occurred in quantitative changes of chromosomes. The psychopathologic structure of the defect, which is caused by anomalies in autosomal system, manifests in the form of common psychic immaturity with profound intellectual defect prevalence. Especially characteristic anomalies among them are facial and cranial structure, general body dysplasticity, which is combined with symptoms of dysraphism, limb development abnormalities, the abnormal development of the internal organs. They create characteristic combinations in some chromosomal syndromes despite that the most of these signs are not so specific. Clinical picture specificity is dependent on aberration type and implication of chromosomes in them.

   In contrast to autosomal aberrations, very few cases of genital chromosome anomalies are followed by mental retardation (MR). Approximately 1 % of patients with intellectual failure have sex chromosome pathology.  They include, above all others, Shereshevsky–Turner syndrome, Klinefelter syndrome, X trisomy. Intellectual failure, as a rule, is not a full brown sign. Frequently, it is a moderate mental retardation or debility. Asthenic manifestations and psychic infantilism feature, attention failure, an increased tendency to be distracted, fatigability, judgment immaturity present in patients.

 Inherent metabolic diseases (IMD)

 Inherent defects include such monogenic inherent diseases, which have the evidence for an interconnection between the mutant gene and biochemical function disorder. A mutation in a structural gene, which is responsible for the synthesis of an appropriate enzyme, underlies in IMD development, and as a consequence, there is a metabolic block, i.e. reaction interruption, which is controlled by this enzyme, with precursor substance accumulation and deficiency of subsequent metabolites. As a result, there are complex chains of secondary metabolic disorders.

  Aminoacidopathies are the most numerous group of enzymopathies. The main clinical manifestations are a rough psychomotor development delay, unusual odour of urine, sweat, skin changes, motor counterinhibition, convulsive syndrome, liver and kidney affection.

   Genic diseases with CNS disorder include the following types:

   1.   Aminoacidopathies

        - phenylketonuria

        - homocysteinuria
        - Hartnup's illness

2. Disorders of a carbohydrate metabolism

-galactosemia;

-fructosemia;

3. Lysosomal storage diseases

- Mucopolysaccharidoses (MPS);

4. Leucodystrophy.

5. Intercellular lipidoses.

• amaurotic idiocy of Thea-Saks

• Niemann Pick disease

• Gaucher’s disease

6. Metabolic disorders of purines and pyrimidines

7. Hereditary defects of transport systems

- De Tony-Debre-Fankoni syndrome

- hepatocerebral disease (Konovalov-Wilson's disease)

- Menkes's syndrome

8. Hereditary neuromuscular diseases

  - Dushenn's pseudo-hypertrophic form

  -  Dystrophic myotonia

9. Hereditary neurodegenerate diseases

• Parkinson's disease

• Hunt's juvenile parkinsonism

• Torsion dystonia (primary and secondary)

• Huntington’s chorea

 10. Monogenic syndromes with unconfirmed primary genetic defect

• facomatoses

• tuberous sclerosis (Bourneville-Pringle's disease).

• angiomatosic forms.

• ataxia-teleangiectasia (Louis Bar syndrome).

• Sturge-Weber's syndrome

• Klippel-Trenaunay syndrome

 11.Genic syndromes of multiple congenital developmental anomalies (MVPR)

- Syndromes with AD inheritance type

• Sotos syndrome 

• “elf face”syndrome (Williams's syndrome)

• Noon's syndrome

-Syndromes with AR inheritance type

• Moon-Bardet-Biedl syndrome

• Smith-Lemli-Opitts syndrome

• Sekkel's syndrome

• Koffin-Louri's syndrome

               Tasks for self-study and self-correction of initial skills
1. What inherent diseases are followed by CNS affection

A. All

B. Only chromosomal

C. Only monogenic

D. Only multifactorial

2. What are CNS affections in hereditary diseases?

A. Primary, secondary, 

B. Primary, secondary.

1. What is galactosemia symptomatology?
           A. Unusual body odour, convulsions, acetone in urine

           B. Cataract, hepatomegaly

C. Kyphoscoliosis, “cherry-red spot” on eye ground.

2. What is a diagnosis of neuromuscular pathology?

           A. Ultrasound diagnosis, sweat chloride test.
           B. Electroneuromyography, determination of creatine phosphokinase, lactate dehydrogenase, lactate level.

3. Describe features of CNS affections in phacomatosis.

           A.Insult-like conditions, muscular weakness.

           B. Progressive mental retardation, loss of acquired skills.

    C. Disorder varies from perinatal encephalopathy in newborns and vegetative-vascular dystonia in adults to gliosis focuses, epilepsy and dementia development.

Information necessary to supplement the basic knowledge can be found in the following sources:
1.  Гречанина Е.Я. Проблемы современной генетики/ Харьков, 2003

2. Бочков Н.П. Клиническая генетика. /М. Медицина, 1997.

3.Богатирьова Р.В. Медична генетика// Навч. посіб. для студ.вищ мед.навч. закл.- Київ, -2005. -223
To learn the following material after acquisition of the basic knowledge:
   1. Медицинский генетика: Учебник для студентов высш.мед. заведений  уровней аккредитации, под ред. чл.-кор. АМНУ проф. Е.Я. Гречаниной, проф. Р.В.Богатырёвой, проф. О.П. Волосовца –К:Медицина, 2007.-534с.

2.Козлова С.И., Демикова Н.С., Семанова Е., Блинникова О.Е. Наследственные синдромы и медико-генетическое консультирование. Атлас-справочник. Изд. 2-е дополн. – М.: Практика, 1996. – 416 с.

3.П.А.Темин, Л.З.Казанцева. Наследственные нарушения нервно-психического развития детей./М.Медицина, 2001

4.Ю.Е.Вельтищев, П.А.Темин. Наследственные болезни нервной системы./М.Медицина, 1998

The main theoretic questions of the topic:
Introduction. General characteristics of hereditary caused diseases of CNS in disease and invalidity structure. Incidence and prevalence rate in different continents .Etiology and pathogenesis. Manifestation prevalence of genetically caused CNS affections. Pre- and postnatal manifestations.

Classical hereditary caused CNS disease by nosologic and etiopathogenetic factor. Review of certain nosologic forms.

Demonstration and review of patients with hereditary caused diseases of CNS.

Diagnosis principles: clinical and genetic examination, clinical and genealogic analysis, syndromologic analysis, biochemical and tool methods of studying.

Algorithm composition of prevention method use in burdened pedigree by hereditary caused diseases of CNS.

          Solve several tasks-models using diagnosis and treatment algorithms:
1. The child K. (6 years old) was born from the first pregnancy with a normal course. Delivery is at term, body weight at birth – 3200 g., height – 50 sm. Psychomotor development rate corresponds to his/her age. Angioms of the left ankle and hip, skin angiectasia of the left leg, the left side of the abdomen, the right side of the chest, the face, the right hand are noted. The right side of the face, the right hand, the left lag are enlarged. The right hand is 1 sm. longer than the left one, the left leg is 1.5 sm. longer than the right one. Right sided scoliosis is revealed in the child. What is the diagnosis?

A. Klippel-Trenaunay syndrome, crossed form

B. Marfan syndrome

C. Klinefelter syndrome

2. The child of 4 years old is referred to Medical and Genetic Centre (MGC) for differential diagnosis in connection with frequent infectious diseases of upper respiratory pathways.

The proband is from normal pregnancy and delivery. The development stages correspond to his/her age. Episeizure was developed in 2 years against the background of a high temperature. And parents began to observe an unsteady gait of the child after this episeizure.

 In the process of the general surveying: the face is covered with large sunspots, in the intrascapular area – single pigmentations, conjuctival vessels are enlarged, teleangiectasia of the scleras.

 In neurologic status: mild convergence, speech is delayed, muscular hypotonia, unsteadiness in Romberg’s position, uncertainly performs coordination tests.

 In the process of the examination: chromosomal aberration level – 5%, in blood serum – decreased immunoglobulines A and B. What is the diagnosis?

A. Recklinghausen syndrome

B. Louis-Bar syndrome

C. Mitochondriopathies

3. The child of 6 years old is referred for a consultation because of frequent episeizures.

The proband is from the 3rd pregnancy, of the 2nd childbirth, in time. Angioma of the left half of the forehead, the left cheek was noted at the birth of the child. Paroxysm in the form of Jackson epi seizure lasting 2 minutes in the right extremities developed at the age of 6 months. Generalized epi seizures have been developed further; the carried out therapy without any effect.

On EEG - the increased convulsive readiness mainly in the left frontal and temporal area.

At an eye bottom - expansion of vessels of the retina.

What is the diagnosis?

A. Ehlers-Danlos syndrome.

B. Phenylketonuria

C. Encephalotrigeminal angiomatosis

4. The child S., who is 3.5 years old, is referred with the diagnosis of “epi syndrome, psychic development delay”.

In the process of the general surveying: there are a lot of spots on the skin, at the area of the cheeks – adematosis of the sebaceous glands. In the neurologic status: bilateral pyramidic insufficiency is revealed, doesn't understand turned to him language, doesn't perform requires, a phrase language is absent.

On EEG - the increased convulsive readiness. What is the diagnosis?

A. Tuberous sclerosis

B. Mucopolisacharidose

C. Gentingtone’s disease

5. The child V., who is 10 years old, is referred to MGC with the diagnosis of “nanism, respiratory artery stenosis”. Decreased intelligence, nanism, the specific face with a hypertelorism, antimongoloid, low-set auricles, X-like deformation of the ankles, strabismus, cryptorchism  attract attention in the process of the general surveying . Anomaly - a hypoplasia of the right kidney is revealed in the process of ultrasound study of kidneys.

A. Klippel-Trenaunay syndrome

B. Shereshevsky-Turner syndrome

C. Noonan syndrome

6. The child D., who is 6 years old, is referred with the diagnosis of “encephalomyelitis”. It is known from his/her anamnesis that the child has a stable muscular weakness, increased fatiguability, psychomotor development delay since 5 years. The child has a growth delay.

On ultrasound – hepatomegaly.

On electroneuromyography – a primary muscular type of the affection.

On sceletal muscle biopsy – ragged red fibers syndrome. What is the diagnosis? 

A. MERRF syndrome

B. MERLAS syndrome

C. Hypophyseal nanism
The organizational structure of the lesson (min.):

1. Introduction                                                                            5 minutes                                                                                                                     
2. Etiology, pathogenesis of hereditary                                    10 minutes                                                                                     
diseases of the central nervous system                                      5 minutes                                                                                        
3. Classification of hereditary  diseases of CNS                       10 minutes                                                                                            
4. Analysis of specific nosologic forms                                   45 minutes                                                           
6.Demonstration and examination 
of patients with hereditary diseases of CNS                             15 minutes                                                                                                          7.Educational control and correction of knowledge                             10 minutes                     

8.Conclusion                                                                               5 minutes

                        A short guide to work on a practical lesson

Test control of the initial level of knowledge will be held at the beginning of the lesson. Then - the students' independent work with the family, which has referred to Medical- Genetic Center. Clinical analysis of genetic records of families with hereditary diseases of CNS will be conducted under the guidance of the teacher. At the end of the lesson - the final test control. 

	#

№
	Stage
	Time,
minutes
	Study guides
	Location of classes

	
	
	
	Educational methods
	Equipment
	

	1
	Evaluation of the initial level of preparation for conducting medical-genetic consultation  of hereditary caused diseases of CNS
	15
	Tasks
	
	Classroom

	2
	Thematic analysis of families, which have hereditary caused diseases of CNS
	55
	Genetic maps,algorithms of conducting medical-genetic consultation
	
	Classroom

	33
	Summing-up
	20
	Tasks
	
	Classroom


The scheme of the logical structure of the topic “Inherent diseases of CNS” 



WIDESPREAD GENETIC DISEASES IN WHICH PATHOLOGY OF CNS IS NOTED

1. Aminoacidopathies

   Phenylketonuria. The disease is caused by mutations in the gene that controls the synthesis of phenylalanine hydroxylase, that provides the conversion of phenylalanine to tyrosine. The type of inheritance - autosomal recessive (AR). On average in Europe, the incidence of the defect is 1:10,000 of infants. Phenylketonuria (PKU) is often accompanied by mental retardation. The full-scaled picture of the disease includes MR (usually moderate and severe), behavioral disorders, convulsion syndrome, which is observed in 25-50% of patients with an unusual odour that is associated with the presence of phenylacetic acid in urine and sweat. Hypopigmentation of the skin, hair, iris, and eczema, atopic dermatitis are noted in patients with PKU. Diagnosis is confirmed by the detection of elevated levels of phenylalanine in blood and urine (by thin layer chromatography or by amino acid analyzer). 

Treatment. A phenylalanine restricted diet, the administration of protein hydrolysates, nootropics, angioprotectors, multivitamins, iron supplements.
Homocystinuria. Caused by the absence or decreased activity of cystathionine synthetase required for the synthesis of cystathionine from homocysteine ​​and serine. Frequency of the disease in infants is various in different countries, ranging from 1:80000 to 1:180000. MR frequency of homocystinuria is approximately 0.3%. The type of inheritance - AR. The clinical picture is characterized by a combination of MR (usually mild or moderate),with optical defects (lens ectopia, myopia, cataract) and skeletal system (osteoporosis, arachnodactyly, chest deformity). It is characterized by a soft blond hair, blue iris. The high incidence of thromboembolic complications is noted. Diagnosis is based on the detection of high homocysteine ​​concentrations in urine. 
Treatment: dietary restriction of methionine, the administration of vitamin B6 and vitamin C.
Hartnup disease. The disease is a defect of the transport function of the cells of the intestinal mucosa and the proximal renal tubules, resulting in increased adsorption of tryptophan and a large group of other monoaminocarboxylic amino acids with neutral, aromatic and heterocyclic chains and resulting in  developed endogenous deficiency of nicotinic acid. The population frequency is unknown. The type of inheritance - AR.

Typical symptoms of the disease are: photodermatosis, ataxia, choreoid hyperkinesis, kinetic tremor, nystagmus, impaired convergence. Mental changes are manifested by depressions, phobias, hallucinations, and MR. Abdominal pain, diarrhea may be observed. Hepatosplenomegaly, osteoporosis are described.

The diagnosis can be confirmed, if the level of tryptophan in blood is reduced, and in urine - is increased, and this is accompanied by generalized hyperaminoaciduria.

Treatment: a protein-enriched diet, niacin, nicotinamide and vitamin B6.
2. Carbohydrate metabolism disorder.
Galactosemia. Is due to galactose metabolism disorders (no activity of galactose-1-phosphate uridyltransferase in erythrocytes). The population frequency is unknown, the type of inheritance - AR. In severe cases, the clinical symptoms are observed in the first days of life of the child in the form of digestive disorders and intoxication signs (malnutrition, vomiting, diarrhea), or CNS depression. Further jaundice, hepatomegaly, bilateral cataracts, RV.
Fructosemia. Fructose-1-phosphate deficiency in the liver, kidneys, small intestine mucosa underlie this disease. The population frequency is unknown. The type of inheritance - AR. Fructosemia is manifested during introducing fruit juice, fruit puree, sugar to baby’s diet. Vomiting, a categorical refusal of food, seizures, psychomotor delay are manifested. The diagnosis can be confirmed by the identified fructosuria, albuminuria.
Treatment: in galactosemia –a diet free of milk and foods that contain galactose,  and in  fructosemia – a diet free of  fruit, sweet vegetables, honey, and sugar –free diet. Symptomatic agents are used simultaneously to reduce acidosis, to decrease intracranial pressure, to stop seizures.
3. Lysosomal storage diseases.

This is a group of IMD caused by defects of lysosomal enzymes.

Mucopolysaccharidosis (MPS) - a group of inherited diseases, which are based on glycosaminoglycan metabolism disorder. It is now known, at least 11 of metabolic mucopolysaccharides with different primary biochemical defect. 

In MPS, there is the accumulation of glycosaminoglycans in all organs and tissues. The frequency of occurrence in the population - 1:20000 - 1:25000. I, III, IV, V, VI MPS types are inherited in an AR pattern; II - recessive, X-linked. Grotesque facial features (large thickened nose, eyebrows, chin, big tongue, thick lips and ears, thickened skin) are characteristic for Gurler–like types of MPS. There is a full-brown general hypertrichosis.  Weakness of muscle rings is noted and there is hernia as a result of connective tissue defect.  There are skeletal changes (growth delay to dwarfism, short neck, limb shortening, joint contractures, kyphosis or kyphoscoliosis of lumbar spine), and ocular changes (usually corneal opacity); hearing loss; aortic and mitral defects; hepatosplenomegaly. MR is detected early and steadily progresses with age: loss of acquired skills, language, psychic function decay.

Intelligence is not affected in MPS type IV (Morquio syndrome), and MPS VI type syndrome (Maroteaux-Lame syndrome).
MPS diagnosis is based on the assessment of the phenotype, determining the level of the total urinary excretion of acidic glycosaminoglycans and their distribution over the electrophoretic fractions.
IMB treatment is not available. There is the symptomatic therapy with high doses of corticosteroids, anticonvulsants. This therapy allows you to continue patient's life, but does not stop the process.

All types of MPS can be diagnosed prenatally by determining the activity of the corresponding enzyme in cultured fibroblasts, amniotic fluid.
4.Leukodystrophy.

It is a group of progressive neurological disorders. Disease is inherited mainly in AR pattern. The main pathogenetic mechanism of leukodystrophy is abnormally formed myelin degradation and the disruption of impaired myelination process. As a result, the white matter of the brain is mainly affected (associative connections), and it is characterized by symmetrical lesions. A typical clinical sign of leukodystrophy is growing pyramidal, cerebellar, extrapyramidal disorders, bulbar and pseudobulbar symptoms, reduced vision and hearing, epileptiform seizures, progressive dementia.

Diagnosis is based on clinical features, progredient course, resistance to traditional treatments, pathomorphological data (demyelination, gliosis, atrophy), biochemical studies (determination of lysosomal enzymes - arylsulfatase).

Treatment is symptomatic.

5. Intracellular lipidosis.
The most common are the following forms: amaurotic idiocy (Tay-Sachs disease), Niemann-Pick disease, Gaucher disease.
Amaurotic idiocy (Tay-Sachs disease). The type of inheritance - AR. The population frequency is unknown. Hexosaminidase A defect underlies the pathogenesis of this disease, resulting in the intracellular accumulation of gangliosides. The disease manifests to 6-12 months. There is the appearing of psychomotor retardation, loss of previously acquired habits, forced laughter or crying, hyperacusis, generalized muscle hypotonia, which is replaced by spastic hypertonia, progressive convulsive syndrome, hepatosplenomegaly, optic atrophy. The choroid becomes bare in the fundus, in the macula lutea due to the decay of pigment layer of the retina ("cherry- red spot"). The typical symptoms of the autonomic nervous system are bulimia, sweating, hypersecretion of bronchial glands).

The diagnosis is based on an assessment of the features of the phenotype, clinical and genealogical analysis, data of enzyme activity determination. There is a prenatal diagnosis based on determining the level of hexosaminidase A level in the amniotic fluid in the culture of fibroblasts.
Niemann-Pick disease. The type of inheritance - AR. The population frequency is unknown. The etiologic agent of this disease is sphingomyelinase defect and the resulting accumulation of sphingomyelin in the brain, liver, adrenal glands. The infantile type has the most benign clinical course. It begins in the first months of life. Hepatosplenomegaly, progressive psychomotor retardation, convulsive syndrome, optic nerve atrophy are noted. There are “cherry- red spot” symptom, typical hyperthermia crises, “hyperacusis” phenomenon in 1/3 of the cases. Foam cells, which gradually replace all medullary tissue, are found in the bone marrow. The clinical course is progredient, death occurs before 2-3 years.

The diagnosis is based on clinical data, the study of bone marrow punctate, sphingomyelinase activity determination.

Treatment: corticosteroids, B vitamins, methionine.
Gaucher disease. The type of inheritance - AR. The population frequency is unknown. It is beta-glucocerebrosidase defect. Cerebrosides accumulate in the cells of the PEC (peritoneal exudate cells). 

The clinical presentation of Gaucher disease is characterized by: psychomotor retardation, hepatosplenomegaly, hydrocephalus, optic nerve atrophy, paresis and paralysis, hemorrhagic manifestations, bleeding, spontaneous fractures of long tubular bones. The clinical course is slowly progressive.

Nervous system affection isn’t usually noted in the visceral form of Gaucher disease. Splenomegaly, hepatomegaly, hemorrhagic manifestations, thrombocytopenia, lymphadenopathy, spontaneous fractures of long tubular bones are brought to the forefront. The prognosis of this form is favorable. Splenectomia decreases bleeding.
The diagnosis is based on the identification of the biochemical defect. 
Treatment is symptomatic, there is a prenatal diagnosis.
6. Purine and pyrimidine metabolism disorders
Lesch-Nyhan syndrome should be emphasized in this group of diseases. The type of inheritance - recessive, X-linked. There is hypoxantyl guanyl phosphoribosyltransferase defect. The population frequency is unknown. The clinical presentation include psychomotor and mental development retardation, autoaggression, autodestruction, choreoathetosis, spastic cerebral palsy manifestations, increased levels of uric acid in blood and urine, hematuria, crystalluria, nephropathy, arthritis, megaloblastic anemia.

Diagnosis of the disease is carried out taking into account the clinical picture, proband’s phenotypic features, there is an increase of uric acid content in blood and urine.

Treatment: a purine-restricted diet 

7. Hereditary defects of transport systems.
Transport - the movement of substances from one part of the body to another. Transport plays a conciliatory role, filling the "gap" between the different parts of metabolism within cells or between tissues and organs. Due to transport, the biochemical specialization of organs and tissues of the body is possible for the synthesis of a set of enzymes, which saves energy and plastic resources present in these or other tissues and organs. Among caused by transport system defect diseases, often MR accompanies syndrome de-Tone Debre Fanconi syndrome, hepatocerebellar dystrophy, Menkes disease, Danbolt-Kloss syndrome.

De Toni-Debre-Fanconi syndrome. The type of inheritance – AR. The population frequency is unknown. Manifestation time - 1-2 years. The typic signs are proximal renal tubular atrophy and glomerular sclerosis and atrophy, decreased reabsorption of water, calcium, sodium, potassium, phosphorus, bicarbonate, glucose, amino acids. The clinical picture presentation includes mental and motor development retardation, rachitis-like skeletal changes, bone pain, decreased immunity, polyuria, polydipsia, decreased reflexes, ECG changes, hypotension, muscle hypotonia, metabolic acidosis (vomiting, lethargy, irritability, pallor), spontaneous fractures, dehydration.
Diagnosis: decreased potassium, sodium, calcium, phosphorus, bicarbonate levels, metabolic acidosis are noted in blood, and in urine – hyperaminoaciduria, increased phosphorus, sodium, potassium, calcium, hydrocarbonate, proteinuria, glucosuria, hyposthenuria and isosthenuria.
Treatment: a high potassium diet (potato and cabbage diet), correction of metabolic acidosis, the administration of anabolic steroids.
Hepatocerebral disease (Konovalov-Wilson disease). The type of inheritance - AR. The main metabolic block is deficient synthesis of glycoprotein, ceruloplasmin and impaired release of copper from the liver. Subsequently, amino acid metabolism disorders, connective tissue disorders, purine and pyrimidine metabolism disorders. The population frequency is unknown. Manifestation time - school age. It is characterized by hepatosplenomegaly, subacute hepatitis with jaundice (cirrhosis of the liver can develop in the later stages), neurological disorders (dysphagia, dysarthria, pseudobulbar symptoms, hyperkinesia), reduced intelligence, appearance of dark rings in the iris (Kayser-Fleischer ring). There may be a change in the function of renal tubules and glomeruli.
Diagnosis: biochemically defined hypoceruloplasmia less than 20 mg /%, hypoalbuminemia, hyperaminoaciduria, hypercupruria.
Treatment: the administration of agents that eliminate copper (penicillamine, kuprinil) unitiol, symptomatic therapy (drugs that reduce the muscle tone, vitamin therapy), copper-eliminated diet.
Menkes syndrome. The type of inheritance - recessive, X- linked. The basis of the syndrome is a defect of the gene responsible for the absorption of copper from the intestine. Gliosis, atrophy of the brain, hydrocephalus develop, formation of elastic and collagen fibers increases. This leads to a change in the permeability of vessels, decreased tyrosinase activity, that is manifested by depigmentation of hair.

The clinical picture: seizures, psychomotor retardation, pale skin, discolored curly hair, hyperthermia, dysplastic features (high palate, clubfoot, funnel chest, craniostenosis). Death occurs at the age of 2 years from cardiovascular insufficiency.
Diagnosis: reduced blood levels of copper, ceruloplasmin, radiologically detected expansion of front edges, periosteal proliferation in the metaphyseal area.
Treatment: copper acetate.
8. Inherent neuromuscular diseases.

It is a large group of diseases, in which the affection of muscular tissue, peripheral nerves and often of anterior horns is noted. Muscle weakness and fatiguability, which are combined with hypotonia and muscle atrophy, are the leading symptoms in these diseases. Pseudohypertrophic Duchenne form is the most severe and common among all muscular dystrophies. MR almost always occurs in this disease. The type of inheritance is recessive, X-linked. The primary genetic defect: dystrophine gene microdeletion of the short arm of the X-chromosome. The population frequency – 1:30000. The first symptoms appear, as a rule, at the age of 2-4 years, but motor activity is decreased already within the first-second year of life. Children begin to walk later, don’t run, they can’t stand up from the floor. A specific “goose” gait develops in further. The main symptoms of disease include increased muscle weakness, dystrophic changes in muscles, decreased muscle tonus and tendon reflexes, early formation of muscle hypertrophy (often sural), muscle contractures, cardiac muscle affection. The process is progressive. As a rule, patients are absolutely stiff-limbed till 13-15 years.  Diencephalic (obesity by type of Itsenko-Cushing syndrome), and other vegetative disorders, except neuromuscular apparatus disorders, can occur. From 30 to 70% of patients have MR. Patients with not severe decreased intelligence are prevalent. Laboratory diagnosis data include typical changes which are found in biochemical study of muscle (muscle regeneration, necrosis of separate fibers); increased concentration of serum enzymes, especially creatine phosphokinase, aldolase, transaminase, lactate dehydrogenase; on EMG – features of myocardiopathy; on ECG – myocardial changes and conduction disorder.

Treatment: there is no effective pathogenic therapy: systemic medication is carried out (biogenic stimulators, vitamin therapy, autohemotherapy)
Myotonic dystrophy. The frequency of this form is 2,5:100000 - 5:100000. The disease has AD pattern of inheritance, has a high penetrance and variable expressivity of a mutant gene. The clinical picture is characterized by a myotonic type of movement disorders, mainly in the muscles of the arms, to a lesser extent in the leg muscles, the masticatory muscles. Myotonic disorders diminish and disappear in repeated movements. It is myopathic syndrome with characteristic distribution of amyotrophies (affection of facial muscles, muscles of the neck, distal arms and legs), involvement in the process of the endocrine and autonomic nervous system. The presence of a cataract is typical for myotonic dystrophy. Almost all patients have intellectual disabilities, memory loss and criticism to his condition, irritability, isolation, and malice.
Diagnosis: the change of the function of the endocrine glands, excretion 17-ACS and 17-KS excretion, 17-ACS and 17-KS excretion, creatinuria.  

There is no pathologic therapy.

9. Hereditary neurodegenerative diseases.
Parkinson's disease is an idiopathic slowly progressive degenerative disease of the central nervous system, characterized by slowness of movement, muscle rigidity, tremor at rest and impaired late reflexes. The basis of this disease is an affection of pigmented dopaminergic neurons of the dense part of the substantia nigra and other dopamine-containing nuclei of the brain stem. In this case, the latent enzyme tyrosine hydroxylase deficiency is inherited in an autosomal dominant pattern with incomplete penetrance of a pathologic gene and manifests in phenotype in 25% cases of the carriers of this gene. Hidden failure transfers to a clear connection with involutional processes in subcortical structures, most often at the age of 45-55 years, which leads to neurotransmitter dopamine deficiency and disease symptom appearance. The average age of disease onset - 57 years. The disease rarely occurs in smokers, due to the ability of tobacco smoke to inhibit MAO. In 5-24% of patients – a burdened family history.

The frequency is 1% over 65 years, 0.4% over 40 years.
Genetic classification:

- Parkinson's disease with Lewy bodies (168601.91) is characterized by early onset (mean 47 years), rapid progression (death on average at the age of 56 years), the absence of tremor. Pathomorphology: Lewy bodies in the cytoplasm of neurons.

- Juvenile parkinsonism (* 600 116, RSH gene, 6q25.2-q27,) is recorded till 40 years. Classic symptoms include bradykinesia, muscle rigidity, tremor. Dementia is absent. Pathomorphology: degeneration of neurons and demyelination in the dense part of the substantia nigra and locus ceruleus, Loewe bodies are absent. Most of the cases were recorded in people who were born to consanguineous parents.

- Familial Parkinson's disease type I (# 601508, gene RARK1, 4q21-q23, 163,890, and in mitochondrial DNA at the site of ADPD (Alzheimer's / Parkinson's disease)) is due to mutations of a-synuclein (163,890, SNCA) gene, which encodes a presynaptic protein; it is characterized by early onset (46 ± 13 years) and high penetrance of a gene.

 - Perry disease (* 168 605, R) - parkinsonism with alveolar hypoventilation, depression (antidepressants are ineffective) decreased taurine levels in blood and SCF.
The juvenile parkinsonism of Hunt (168,100.9 I) develops in children and adolescents. It is characterized by a slow clinical course, the classic symptoms of Parkinson's disease. Pathomorphology: degeneration and cell death of scarlet grosbeak-like nucleus. According to the classification of MsDowel, Cedarbaum et al. (1998),   all other forms of parkinsonism should be usually subdivided into three main groups:

1) Parkinson's disease (idiopathic parkinsonism)

2) symptomatic parkinsonism: toxic (reversible and irreversible), neuroleptic, vascular, infectious (post-and para-encephalitic), traumatic, neoplastic.

3) "Parkinson plus" - a group of degenerative diseases (hereditary and sporadic), the clinical picture of which include parkinsonism (Shy-Drager syndrome, supranuclear palsy, which progresses, olivopontocerebellar atrophy, corticobasal degeneration and others). Recently there has been a tendency to expand the range of diseases, united by "parkinsonism - plus" syndrome.

Medication: anticholinergics (tsiklodol, parkopan, romparkin, artan), preparations of L-Dopa, inhibitors dofadekarboksilazy, stereotactic neurosurgical correction, electroconvulsive therapy, sleep deprivation, light therapy, diet, exercise therapy.

The main clinical symptoms are: 

The basic triad:

-akinesia or hypokinesia;

-rigidity;

-static tremor;

Also the main (their derivatives) symptoms are:

-symptom of lead pipe or cogwheel phenomenon ;

-applicant pose, the symptoms of tremor;

-amiostatic syndrome;

-amimia or hipomimia, rare blinking movements;

-phenomenon of inertia of motion and inertia of rest;

-micro- and tahibazia (small steps and acceleration when walking);

-acheirokinesis (no synkinesis of hands and legs);

-bradylalia, bradyphrenia, autoecholalia, micrography, acairia (importunity);

-oculogyric crisis, eye convulsions;

-postural instability, and latero- and propulsions;

-disorder of vegetative function, poor heat tolerance, disorder of general hyperhydrosis, hypersalivation, watery eyes;

- depression, sometimes dementia.
Treatment  -  medicamental: cholinolitics (ciklodol, parkopan, romparkin,artan), L-Dopa drugs, inhibitors of dopadecarboxylase, neurosurgical stereotactic correction, electroconvulsive therapy, sleep deprivation, phototherapy, diet, exercise therapy.
Torsion dystonia is a clinical syndrome that is characterized by unrhythmic slow forced movements in different parts of the body, specific changes of muscle tone and pathologic postures.

Dystonic hyperkinesia is characterized by a full-brown dynamics, which depends on the posture and character of the action. Hyperkinesis may decrease in certain movements ("gestures that correct"), and some (more unusual) actions (paradoxical kinesis while singing, driving, back walking forward, etc.). An important feature of dystonic hyperkinesis is their typical localization with the involvement of certain muscles of the limbs, trunk, neck, and different areas of the face.

It must be emphasized a certain sequence in the development of dystonic syndromes: first hyperkinesis appears only for a short period in a case of  certain movements and positions, but gradually its duration increases, which leads to the formation of pathologic posture, and sometimes – as well as to the development of contractures. Starting locally, hyperkinesia can consistently involve different regions of the body with the development of generalized forms of torsion dystonia.

Etiologically dystonia should be divided into two categories: primary (idiopathic) dystonia and secondary dystonic syndromes, which are a manifestation of other diseases. Generalized and local forms of dystonia are distinguished depending on the location of hyperkinesis. According to the current classification, the local form TD are divided into focal, segmental (involving two adjacent regions), multifocal (involving two adjacent regions) and hemidystonia (Fahn S., M. Marsden, 1987).
Primary (torsion) dystonia refers to a group of hereditary extrapyramidal diseases and is characterized by extensive clinical polymorphism and genetic heterogeneity.

According to the classification, there are two main forms of TD:

- Rigid form, which is characterized by increased muscle tone (rigidity) with the development of pathological fixed positions, often in the legs, but sometimes in the arms, neck, trunk.

- Dystonically hyperkinetic form with full-brown local or generalized dystonic hyperkinesias.
Genetic aspects: A gene of autosomal dominant Dopa-dependent dystonia was identified in 1994. It has turned out that it encodes the synthesis of one of the key enzymes of dopamine metabolism - GTP cyclohydrolase 1 (GCH-1). To date, 60 different (mostly point) mutations, which are encoded by the GCH-1 gene in patients from different populations of the world, have been identified.
Hyperkinetic (DOPA-independent) form of TD. The main gene of Dopa-independent dystonia, which was named as DYT1, was mapped in 1989 on the long arm of chromosome 9. Analysis of a series of DYT1-linked chromosomal markers has shown that the most characteristic haplotype is observed in the Ashkenazi Jewish population (which is characterized by a very high frequency of this form of dystonia) in patients, that is an evidence of a common genetic origin of DOPA-independent dystonia in this ethnic group.

In the literature, there are descriptions of families with autosomal dominant forms of dystonia, in which the linkage of the disease with the main characterized previously chromosomal loci are reliably excluded.
Clinics: TD is characterized by a full-brown phenotypic polymorphism regarding the age of disease onset, clinical manifestations, clinical course, a reaction to pharmacologic drugs. The onset age ranges from 1 year to 70 years, but in the most cases the first symptoms appear in childhood and adolescence (5-20 years).

The disease usually begins gradually with the involvement of some single group (muscles of the legs, hands, neck or trunk). Mostly (in 41% of the cases), the disease begins from the lower jaw – walking difficulties, caused by hyperkinesis, periodical change of muscle tone and leg posture (“clubfoot”, pes equinovarus) appear in a previously healthy child. At first, these symptoms are unstable, but gradually begin more long-term and simultaneously expand to the other parts of the body – the other leg, hand, neck, trunk.

A certain dependence of the clinical course and severity of the disease from the onset age of the disease has been determined. The earlier disease symptoms appear, the quicker it progresses and more often leads to the development of a severe generalized form. Local forms (in the form of blepharospasm, trismus, oromandibular dystonia, spastic loxia, spastic dysphonia, cheirospasm, “dystonic feet”), the most of these cases are only a stage of the generalized form, but in some patients, they remain a single manifestation of the disease for a long time. As a rule, local forms are observed in patients with later onset of the disease – after 25-35 years.

The characteristic feature of TD is that its manifestations pint at an isolated affection of extrapyramidal system. There are no signs of the affection of pyramidal, cerebellar, sensory and other systems. Intelligence remains saved. A large variability, dynamics of hyperkinesis and pathologic postures are usually observed. Pathologic phenomena significantly decrease at certain movements and postures (corrective gestures, paradoxal kinesias). So, some patients walking with a difficulty can freely run, dance, go in a manner of back walking forward, sing (in a case of spastic dysphonia) and etc. The clinical course of TD, as a rule, progresses, but progress speed can be various and depends on the age of onset: the earlier the disease manifests, the quicker it progresses.
Huntington’s chorea – an inherent neurodegenerative disease, which is characterized by a gradually onset usually in the age of 35-50 years and the combination of progressive choreic hyperkinesis and psychic disorders. 

Genetic characterization: the frequency is 1 case per 10000 population.

Genetic aspects. The increase of repeats of CAG- triplets of Huntington (143100, 4р16-3D); protein expressivity in nuclei of neurons. Gene transfer by the parental pedigree leads to more severe form of the disease, early onset and quick progress – a phenomenon of genomic imprinting in a case of Westphal variant (juvenile akinetic and rigid form). Autosomal and dominant inheritance with 100% penentrance in a case of a classical hyperkinetic form.

Classification. There are three forms of the disease:

1) classical hyperkinetic;

2) juvenile akinetic and rigid (Westphal variant);

3) psychic.
Clinical picture
Choreic hyperkinesis – is rapid diffuse random movements in combination with muscle hypotonia. The beginning is gradual. Grimaces and dysarthria are often observed. Walking disorders are manifested so-called dancing gait.

The prodromal stage of psychic disorders with the duration of 10 years predisposes to the appearance of choreic hyperkinesis in the typical cases.

The predmorbidal background is in the form of hyperactivity, restlessness, increased gesticulation. The most sensitive test: patient’s disability to keep the tongue, which is outside the mouth, fixed. Anhedonia and asocial behavior are often the first manifestations of the disease. Personality change: apathy, irritability, social estrangement. Schizophrenia-like disorders, mode disorders. Dementia (the memory is often conserved till the late stages of the disease). Obsessive-compulsive disorders. It should be noted that even a full-brown hypotheriosis at Huntington’s chorea fully disappears during sleep. There are a malignant clinical course, muscle rigidity, contractures, mental retardation, often development of epilepsy, dystonia, atetosis in Westphal variant. 
Diagnosis. Laboratory studies – decreasing the content of GABA (gamma-aminobutyric acid) content, glutamate decarboxylase, choline acetate transferase. Results of magnetic resonance spectroscopy: increased content of lactate in basal ganglias. 

CT/MRT – caudate nucleus atrophy and lateral ventricle enlargement. Pository-emission tomography – a decrease of glucose utilization in the caudate nucleus.
Differential diagnosis:

Other causes of dementia – Alcheimer and Parkinson diseases, vascular dementia, Pick disease, HIV infection, Creutzfeldt–Jakob disease, other types of dyskinesia, including iatrogenic.

Follow-up tactics: specific treatment is absent, symptomatic treatment is used; it is difficult for patients to conserve physical activity.

Medicamental therapy: neutroleptics – haloperidol at a dose of 1 mg twice a day with dose increase every 3-4 days till therapeutic effect achievement (10-90 mg/a day) chlorpromazin (aminazin), reserpine, beginning from 0.1 mg/a day. In a case of physic tension – benzodiazepine tranquilizers (for example sibazon).

Preventive measures – possible development of iatrogenic parkinsonism during the treatment with neuroleptics. Central cholinoblockers are administered in extrapyramidal disorder development. The drugs enhance a central action of alcohol and other substances, which inhibit CNS. Neurosurgical correction in the form of stereotoxic cryodestruction of the ventrolateral nucleus of the thalamus (palliative surgery).
10. Monogenic syndromes with an unspecified primary genetic defect

Fakomatosis – a group of inherent diseases with exodermal fetus affection, which are characterized by a connective affection of CNS, skin, vessels. Fakomatosis can be divided into two groups: blastomatosic (blastema processes combines with the affection of CNS, skin) and angiomatosic (CNS and vessels are affected). 
Blastomatosic forms.

Recklinghausen neurofibromatosis. The type of inheritance is AD, the population frequence is 1:3300. The gene is localized on the long arm of 22 chromosome and 4 chromosome. In the clinical picture: multiple “coffee” spots on the skin, depigmentation regions; fibromas appear with the age, which are localized deeply in the peripheral nerves, in the inner organs, in the brain, on the skin. Depending on fibroma localization,

there are peripheral and localized forms, which provide neurologic symptomatology: convulsive syndrome, Jackson’s parksonisms, palsy. 40-50% of patients have MR, more often not severe and progressive. Agenesia and menstrual function disorder are often noted in these patients.
Diagnosis is based on phenotype assessment, the conduction of a clinical and genealogical analysis, data of additional examinations (EEG, echo-EG, CT). Treatment is symptomatic.
Tuberous sclerosis (Bourneville-Pringle disease). The type of inheritance is AD with not complete penetrance and variable expressivity. The occurrence frequency is 1:100000. Depigmented spots on the skin, sebaceous adenoma, which is localized on the face in the form of butterfly, “coffee” spots, nevuses, shagreen skin are typical. Convulsive syndrome is characterized by polymorphic manifestations. Progressive dementia appears after convulsive seizures have begun. There are eye ground changes (phakomas in the form of “silk berry”, papilledema of the optic nerve (second cranial nerve, glaukomas, corneal opacity). Blastemas of the liver, the kidneys, the spleen, the heart, which have tendency to malignant degeneration, have been described. 

Diagnosis is based on phenotype assessment, the conduction of a clinical and genealogical analysis, data of additional examinations (EEG, echo-EG, CT), ophtalmoscopy, the determination of the percentage of chromosomal aberrations. Treatment is symtomatic.
Forms of angiomatosis.

Ataxia-telangiectasia (Louis-Bar syndrome). The type of inheritance is AR with chromosomal instability events. The population frequency is 1:40000. Clinical picture: progressive cerebellar ataxia, telangiectasia on conjuctiva of eyeballs, eyelids, neck area, chest, “coffee” spots, depigmented spots, angiomas, immunodeficiency (a rapid reduction of A and J immunoglobulin level), infections of respiratory tract, middle ear, accessory sinuses of the nose. An increased tendency to have malignant tumors (mainly of lymphoid tissue) is typical for Louis-Bar syndrome. MR is reported in approximately in 1/3 of cases. Patients are weak and retarded. There is a decrease of memory, attention, apathy, a rapid deterioration of psychic processes even in the cases of a normal intelligence. 

Diagnosis: phenotype assessment, immune status study, cytogenetic study with determination of chromosomal aberration percentage.

Treatment is symptomatic with the use of immunostimulators.  
Sturge-Weber syndrome. The type of inheritance isn’t exactly established. Data on syndrome frequency range from 1:100000 to 5:000. Clinical picture consists of the triad of symptoms:

- skin angiomas, frequently on the face in the direction of trifacial nerve, predominantly at the one side in the form of spots not overhanging skin surface, vascular nevus can be on the skin of the neck, trunk, limbs;

- eye affection in the area of angioma with distribution of the last one to conjuctiva, iris, ciliary apparatus and eye ground; choroid angiomatosis is complicated by glaucoma;

 - neurologic symptoms are caused by angiomatosis of meninx vasculosa; convulsive seizures appear at the age of 1-2 year on the side opposite to the localization of facial angioma, seizures are frequently focal; there are early motor disorders – palsies, paresises; MR is often reported. 

Diagnosis is based on carrying clinical and genealogical analysis, EEG, computer tomography data (identification of brain angiomas), ophthalmoscopic picture. Intracranial calcificates are determined radiologically.

Treatment. There is no etiopathogenetic therapy. Anticonvulsant therapy is conducted. In some cases, surgical removal of angioma of meninx vasculosa, plastic surgeries are administered.

Klippel-Trenaunay syndrome. The population frequency and the type of inheritance are unknown. Clinical picture: a typical sign of syndrome is hypertrophy of one or two limbs that is connected with inborn developmental defects of arteriovenous system and lymphatic vessels. Hyperplasia of soft tissues and bone of the affected limb, trophic ulcers and edemas are reported. Hemangiomas can be singular or multiple, capillary, cavernous, cystic which differ in size and localization. Unilateral affection is predominant. Skin hyperpigmentation, telangiectasias, “marble” skin, macrodactyly, disproportional length of fingers, polydactyly, oligodactyly, syndactyly. Craniofacial anomalies include asymmetric facial hypertrophy, macrocephaly, intracranial calcifications, hypertrophy of the orbital tissues. Glaucoma, cataracta, coloboma, iris heterochromia are observed. Furthermore, visceromegaly, hematomas of gastrointestinal tract, urinary tract, additional large vessels, external genital organ enlargement, myodystrophy, MR and convulsive syndrome (in some cases) are reported. The disease manifests since birth and progresses.

Diagnosis is based on data about objective review, conducting clinical and genealogical analysis, electrophysiological studies. 
Treatment: is symptomatic.
11. Gene syndromes of multiple inborn developmental defects
Among this group of diseases, MR is the one of signs which is the most frequent. 
Syndromes with AD type of inheritance.

Sotos syndrome (cerebral gigantism syndrome). A large weight and length of the body at birth, a fasten growth in the first years of life. Acromegalic features include macrocephaly with frontal bossing, progeny, arm and foot enlargement. Bone age outstrips real age. Hyperthelorism, antimongoloid slant, projecting lower jaw, facial pletora (facial hyperemia puffiness), macroglossia, a high palate, stabismus, scoliosis, finger and foot syndactyly are also noted. MR rate varies, but frequently is moderate. Convulsions and coordination disorders are observed. Treatment is symptomatic.
Elfin facies syndrome (Williams syndrome). Children with this symtom have a short height, a low body weight at birth. The appearance is rather specific: the forehead compressed in the temporal fossa, specific eye shape, medial stabismus, swollen lids, specific form of the nose with a round blunt end, dropped cheeks, teeth are rake, long. Sceletal changes include a narrow chest, low waist, X-link deformation of lower legs, platypodia, joint hypermobility. Cardiovascular pathology involves the presence of aortic subvalvular stenosis, and also pulmonary artery stenosis, heart septal defects. At the age of 8-18 months, hypercalciemia is often observed, that lead to muscular hypotonia, constipation, asphyxia, vomiting, polyuria, polydypsia, liver deficiency, MR, as a rule, is significant.  
Diagnosis is based on phenotype assessment, calcium level in blood, data of echocardioscopy, ECG.

 Noonan syndrome. Its frequency varies from 1:10000 to 1:20000 infants. A specific face with hypertelorism, antimongoloid eye shape, narrow upper and diminished lower jaws, low-set ear auricles, low hair growth are typical. The height is diminished, the neck is short, wide in patients with this syndrome, and   

there is the cervical alar fold. The chest is corymbose, with wide-apart nipples; the chest projects in the proximal part and drops in the distal part. There are limb changes: X-link deformation of lower legs, clinodactyly. Pigmented spots are often observed on the skin. Inborn heart defects often occur (pulmonary artery stenosis is predominant). Eye anomalies are often: stabismus, glaukoma, optic nerve coloboma and etc. Ovarial dysgenesis is often diagnosed in women, in man – cryptorchism. Anomalies of kidneys and urinary tract occur. Not acutely expressed MR is noted in 61% of the cases. Treatment is symptomatic. 
Syndromes with AR type of inheritance.
 Moon-Bardet-Biedl syndrome. The main symptoms of the disease are obesity, pigmented retinitis, hypogenitalism, polydactyly, MR. Nevertheless, one patient rarely has a combination of all mentioned disorders. Obesity occurs more often (90%), appeared in the 1-2 year of life, rapidly progressive; pigmented retinitis or other retina changes (93%). Pigmented degeneration of the retina leads to progressive decrease of vision, which manifests till 6-7 years, MR (87%) – from a mild debility to idiotism. Also other symptoms of CNS affection are sometimes observed: epileptic-like seizures, spinal and cerebellar and extrapyramidal manifestations. Also other anomalies of the complexion of the arms and feet occur besides polydactyly. Hypogenitalism is noted in 66% of the cases. It is manifested by hypoplasia of the external genital organ, hypospadias, cryptorchism in boys, and in girls – delayed sexual development, vaginal atresia, uterine doubling and etc. From internal organ defects, kidney anomalies are characteristic.
Treatment is symptomatic.
Smith-Lemli-Opitts syndrome. Typical symptoms are a low body weight and length at birth (100%), microcephaly with different deformations of the skull, a narrow forehead, deformed and the low-set auricles, ptosis, epicanthus, stabismus, a short nose with a wide end and anteverted nostrils, a long filter, micrognatia, a wide alveolar end of the upper jaw, nipple hypertelorism, acrocyanosis. Regarding the internal organs: congenital heart defects, kidney anomalies, lung lobulation anomalies, pylorostenosis, inguinal hernias, thymis hypoplasia. 90% of the children have vomiting. Skin syndactyly of two and three fingers of the feet, postaxial polydactylia of the arms and feet, clubfoot, hip dislocation, clinodactyly, flexory location of hand fingers (the second finger overlaps the third finger during arm compression). The children have MR in 100% of the cases. Diagnosis is based on carrying out the clinical and genealogical analysis. 
Treatment is symptomatic.
Seckel syndrome. Clinical picture: abrupt physical developmental delay and microcephaly with the specific cranial and facial complexion, which have the name of “bird face”, hypertelorism, exophthalmos, a turned down prominent nose, micrognatia, a high palate, the low-set ear auricles. Hypoplasia of the teeth and enamel are also noted. Underdeveloped sexual organs, cryptorchism often occur in boys. There are various sceletal anomalies: congenital hip dislocation, radial bone condylus dislocation. There are dermatoglyphics anomalies, and simian crease often occurs. Little finger clinodactyly, hypertrichosis, tooth enamel hypoplasia, clitoris enlargement. MR from moderate to severe is in almost all patients.

There is no specific treatment.
X-linked dominant type of inheritance.
Koffin-Louri's syndrome. Patients have a specific appearance: a specific acromegaloid face with hypertelorism, a prominent forehead, antimongoloid eye shape, a wide nose, prognathism, the big and low-set ear auricles. Arm changes are very characteristic. They are big, wide, the fingers are thick at the base, but become thinner toward the tips. Growth delay, chest and column deformations are noted. Bone age lags behind real age. There are teeth changes - diastema, the absence of the second incisors. The skin is loose, often not enough pigmented. Hernias, proctoptosis, diastasis of rectus abdominis muscles often appear. Arm changes with the cone-shaped fingers become the most frequent manifestation of the disease. Among the other symptoms, as a rule, there are some facial changes: the thin phialine lips, prominent frontal bones, thickening of the nasal septum. All males have a severe and progressive MR. Convulsions, hydrocephaly, vaginal atresia, dimetria often appear. Among internal organ defects, renal anomalies are characteristic.
Treatment is symptomatic.

Thus, the modern achievements of medical genetics, molecular biology, cytogenetics, biochemistry have determined the necessity of a reconsideration of the conception of MR etiopathogenesis, especially its severe forms, which followed by multiple developmental defects, sensory, movement and speech defects, and also early childhood autism syndromes and neurologic disorders, including epileptic syndrome. It is established, that these forms of NR are mainly related to genetically determined syndromes. The development of medical genetics was the contribution to the development and introduction of the modern methods of diagnosis and the prevention of inherent diseases, which were followed by MR, in public health practice. The level and quality of medical and genetic consultation, prenatal diagnosis and mass screening of IMD are becoming more important in the system of medical and social measures. The modern clinical practice is constantly supplemented by the new diagnostic tools for early identification of genetically caused diseases. 

The opportunity of prenatal diagnosis of the whole number of inherent diseases related to MR, which allows you to establish a definite prognosis of offspring, has appeared in recent years. 
The program of examination of children with MR 
            A. Carrying out somatic examination.

            B. Assessment of neurologic and psychic status.

            C. Studying somatic status (including consultations of specialized doctors)

           D. Clinical and genealogic analysis

           E. Biochemical studies

           F. Cytogenetic study

    G. Molecular and genetic study
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