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"Molecular and genetic techniques in the forensic medical service in Russian Federation"

(Slide 1) Molecular and genetic techniques in the forensic medical service in Russian Federation Forensic pathology [pəˈθɔləʤɪ] in Russian Federation (or forensic medicine) is a special branch of medicine intended for medical and other applications of knowledge [ˈnɔlɪʤ] from science to the needs of the judicial [ʤuːˈdɪʃəl] authorities.

Forensic Medical Service in Russian Federation refers to the Ministry of Health and operates a network of regional offices, with the status of public health institutions. The leading institution of forensic medical service in Russian Federation is the Federal State Institution of Forensic Medicine.

(Slide 2) Regardless of the level of expert institutions and geographic locations the expert department is composed of the following departments: Regardless of the level of expert institutions and geographic locations the expert department is composed of the following departments:

· Department of Forensic examination of corpses; [kɔːpses]
· Department of Forensic examination of the victims, the accused and other persons;

· Division [dɪˈvɪʒən] of complex examinations and commissions | kəˈmɪʃn̩z |;

· Division of examination of physical evidence;

· Forensic Chemistry [ˈkemɪstrɪ] Department;

· Forensic Biology [baɪˈɔləʤɪ] department;

· Molecular-genetic [məʊˈlekjʊlə-ʤɪˈnetɪk] department;

· Department of Medical Criminology;

· Forensic Histology [hɪˈstɒləʤɪ] department;

· Organizational and methodical department;

(Slide 3) Federal state forensic medical expert institutions There are 87 State forensic expert institutions [ɪnstɪˈtjuːʃn] in Russian Federation that contain 1150 expert offices | ˈɒfɪsɪz |. The total number of staff units, designed to work | ˈjuːnɪts | dɪˈzaɪnd tə ˈwɜːk | in these departments, is 40789.

(Slide 4) State forensic medical institutions in Russian Federation Molecular-genetic [məʊˈlekjʊlə-ʤɪˈnetɪk] department (47.13%) are working in 42 of the 87 State forensic institutions in Russian Federation on a par with forensic biology departments, they operate a total number of 164 experts, representing approximately | ˌriːprɪˈzentɪŋ əˈprɒksɪmətli | 1.0% of the total the number of 18269 experts in state institutions.

There were provided 3,461,416 expertise and research (including living persons, corpses, forensic histological examinations, complex and commission examinations, forensic biological, forensic cytological, molecular-genetic, forensic chemical, forensic biochemical, criminological examinations and spectral research) in 2015. Thus during the analyzed period on tanathological department 8705 unidentified bodies (1.4% of the total) were investigated, which respectively require conducting identification studies | rɪˈspektɪvli rɪˈkwaɪə kənˈdʌktɪŋ aɪˌdentɪfɪˈkeɪʃn̩ ˈstʌdɪz |, including molecular genetic study.

(Slide 5) Genetic analysis technologies used in molecular genetic departments with the purpose of identification: At present, the following genetic analysis technologies are used in molecular genetic departments with the purpose of identification [aɪdentɪfɪˈkeɪʃn]:

1. Using of Genetic Analyzer Applied Biosystems (USA)

2. Electrophoresis with polyacrylamide gel plates.

Identifiler or GlobalFiler panels are used in identification of parentage or certain person.

(Slide 6) 10-year dynamic of molecular genetic research in forensic medical departments in Russia It is necessary to clarify that during the decade in the Russian Federation since 2006 to 2015, the number of molecular genetic expert research has increased from 3014 to 16832, almost 5.5 times. At the same time, the total number of expert studies carried out was about 0.5%.

(Slide 7) The proportion of expert institutions, using various genetic analysis technologies Forensic genetic examinations | dʒɪˈnetɪk ɪɡˌzæmɪˈneɪʃn̩z | for personal and parentage identification have the biggest quantity among all provided forensic genetic examinations. Expert institutions that utilize genetic analyzer Applied Biosystems, have 9.76%, only electrophoresis - 36.59%, and a genetic analyzer and electrophoresis - 53.66%.

(Slide 8) Forensic medical departments which use different genetic panels for personal identification and parentage identification  As regards the use of the panel of loci, which is carried out by an expert study for identification and parentage, only Identifiler is used in 36.59% of expert institutions, while both panels are used in 63.41% of expert institutions.

(Slide 9) Molecular autopsy 
However, forensic medicine problem using molecular genetic techniques is much wider than the identification of the person or parentage. One of these problems is post-mortem genetic typing for the presence of mutations or genes polymorphisms, leading to disease susceptibility, for example in cases of sudden death. In recent years, the term molecular autopsy (molecular autopsy) can be found in the scientific literature 
(Slide 10) Number of scientific publications devoted to the problem of molecular autopsy (Pubmed.gov) In the last decade the term molecular autopsy | məˈlekjʊlər ˈɔːtɒpsi | can be found in the literature («Molecular autopsy»), which involves obtaining genetic typing results for the diagnosis of diseases and causes of death, respectively, in the postmortem | postˈmɔːtem | period. Using a par with conventional autopsy methods of molecular genetics allows you to specify (forensic) medical diagnosis, and on the other hand, involves prevention methods for deceased relatives. 
As one example confirming this thesis – an actively discussed problem of sudden death.

(Slide 11) Using of molecular-genetic methods 

In our opinion, one of the most important aspects of using methods of molecular diagnostics in the practice of forensic medical examination is an option to establish the causal link between the application of mechanical damage | mɪˈkænɪkl̩ ˈdæmɪdʒ |, made especially in the deferred period of surgery on the injury to subsequent thrombotic complications, which led either to death or to the victim's disability (the patient). Allocated problem is equally actual as for the healthcare in Russian Federation, as well as for law enforcement agencies of our country in need of specifying the degree of guilt of the suspect.

So, if there is mechanical damage, injuries of the musculoskeletal system and subsequent pulmonary embolism (PE), we see a series of sequentially changing events: 
(Slide 12) the injury → performing of surgery → occurrence of thrombotic complications in a certain time period → further PE development → death. This sequence often causes problems in the evaluation of pathogenesis of thrombosis, which may lead to serious errors in expert practice.

(Slide 13) The expert instances, which had a wide public resonance, which were intensively discussed in the media in Russian Federation, are the specific examples, which caused a lot of controversy | ˈkɒntrəvɜːsi | among experts. Cases with victims - soldiers A. Sychev and A. Rabovolik, who had thrombotic complications, occurred after a long stay in a forced position | fɔːst pəˈzɪʃn̩ |. 
(Slide 14) An expert case with a wide social resonance –thrombotic complications in the injured girl after the medical manipulation - peripheral vascular catheterization Another case - the injured girl Sonia Kulivets, who had peripheral vascular thrombosis after hand catheterization, necessitating amputation of the upper limb for health reasons. 
(Slide 15) Epidemiology of thrombotic complications according to one large bureau of Forensic Medicine in Russian Federation On the basis of these and similar cases of the seven-year period of operation of a single large-scale forensic department we have proposed an algorithm of evaluation of thrombotic complications in cases of mechanical injury during the forensic examination. The algorithm was implemented in the practical work of the Regional Department of Forensic Medicine in Russian Federation.

(Slide 16) Number of expert cases with pulmonary embolism over a five year period In order to solve the problems of establishing a causal relationship between mechanical damage and subsequent | ˈsʌbsɪkwənt | thrombotic complications, we have a method of continuous sampling with selecting of all cases of deep vein thrombosis of the lower limbs (DVT) and pulmonary embolism (PE), both in the presence of mechanical damage and without them for a seven-year period from 2004 to 2010. All selected cases were randomized to one of the comparison groups. 143 cases were selected in tanathological department. In Group I (DVTLL) (67 cases) were persons with thrombotic complications without any mechanical trauma preceding the onset of death. The main forensic diagnosis in this group was represented by thrombophlebitis of deep veins of the lower extremity. II and III groups were presented with cases of mechanical damage in conjunction with thrombosis of lower extremity deep vein thrombosis (DVTLL) and pulmonary embolism (PE). In addition, the II group (33 cases) was characterized by the fact that in respect of these victims conservative or minimally invasive surgical methods of treatment were applied. For group III (38 cases) – there invasive methods of treatment in the form of plate osteosynthesis were used. In latter two groups deep vein thrombosis of the lower limbs (DVTLL) and pulmonary embolism (PE) was a complication of primary disease process. IV control group (5 cases) – is the smallest, it was represented by deaths caused by the development of pulmonary embolism (PE). However, the source has not been identified. V-th group was represented by expert cases (14 cases), selected by the Examining Division of the living persons.

(Slide 17) The distribution of cases by sex in the comparison groups (in%) In sum, by gender, according to tanathological department, men and women were distributed in almost equal amounts (50%) and in absolute terms amounted to 71 and 72 observations, respectively. However, Group I was characterized by the predominance of women, in group II there was isometric distribution, and in group III there was the male-predominance. In the comparison group V – among 14 selected cases, 9 victims were men (64.29%), women - 5 (35.71%), the sex ratio (male / female) was about 2/1 | tuː wʌn |. The quantitative relationship between male / female for each of the groups is represented at this slide.

(Slide 18) The average age of victims with thrombotic complications according to the comparison group Age characteristics of each of the comparison groups are represented at this slide. At the same time in groups II and III age of men was statistically different from women age. Their age was lower as compared to the age of women.

In most cases, thrombotic complications occurred in injuries inflicted by blunt objects, including the transport injury and / or a fall from a height.

(Slide 19) Time (days) of PE manifestation depending on the gender of the victims and methods of surgical treatment in cases of MSS trauma (The "phenomenon of the second week") The time interval between the time of the injury, carried out surgical treatment and the ensuing death of victims is represented at this slide. It was found that in group II, regardless of sex, the time interval between mechanical damage, which developed PE, and occurred death was about two weeks. For Group III periods from injury to surgery had statistically significant | stəˈtɪstɪkl̩i sɪɡˈnɪfɪkənt | differences according to the gender. The women had terms in two times less than that of men. However, death from pulmonary embolism (PE) in Group III both for men and women occurs within two weeks, but for women from the time of causing mechanical damage, for men - after surgical intervention. For V comparison group, the term is calculated from several weeks to several months regarding of venous thrombosis.

(Slide 20) The coefficient of relative risk of thrombotic complications was studied in accordance with the proposed recommendations of the International Society on Thrombosis and Haemostasis (2013) 

Quantitative risk assessment methods for thromboembolic complications | ˈkwɒntɪtətɪv rɪsk əˈsesmənt ˈmeθədz fə <thromboembolic> ˌkɒmplɪˈkeɪʃn̩z | are widely adopted in clinical practice. A key place in the modern concepts of the pathogenesis of thrombosis takes the concept of "risk factor". The separate influence for each of the risk factors vary in their "strength". The Group of Experts at the XIX Congress of the International Society on Thrombosis and Haemostasis provided a system of scale risk assessment applying the coefficient, which was used in the study of compared groups.

(Slide 21) The value of the relative risk (in arbitrary units) of thrombotic complications in the comparison groups The relative risk of thrombotic events for DVTLL group was 6,38 ± 0,66, for the MSS + DVTLL - 10,75 ± 0,67, for MSS - 9,79 ± 0,66. 
(Slide 22) Genetic factors predisposing to thrombophilia 
The values ​​of certain coefficients were statistically significant differences between those with thrombosis of the lower limbs deep vein thrombosis (DVTLL) as the primary diagnosis, compared with individuals who had mechanical damage. At the same time, two groups of comparable + MSS+DVTLL there were not significant differences, therefore, these two groups were homogeneous with each other on the value of the relative risk of thrombotic complications. However, in one group there were thrombotic complications, but not in another. It must be assumed that the probable cause may be the difference in the genotype, which was investigated in the next phase.

(Slide 23) Genes characteristics and their allels This slide show mutations and polymorphisms | mjuːˈteɪʃn̩z ənd <polymorphisms> | of candidate genes of hereditary predisposition | hɪˈredɪtri ˌpriːdɪspəˈzɪʃn̩ |, which were investigated in the biological material seized from the persons mentioned in the comparison groups. We investigated the point mutations and polymorphisms in already traditional genes FII and the FV - Leyden mutation in the gene FI (fibrinogen) - ie in plasma clotting factors in PAI-1 - fibrinolytic system, eNOS (NOS3) - endothelial NO synthase, MTHFR - the gene responsible for the synthesis of key enzymes of the folate cycle.

 (Slide 24) Polymorphic alleles  A comparative analysis by group showed that the entire set of the studied mutations and polymorphisms of candidate genes of inherited predisposition to thrombophilia, significant differences in the frequency of mutations and polymorphic alleles were associated with genes of methylenetetrahydrofolate reductase (the MTHFR), an inhibitor of plasminogen activation | ˌplæzˈmɪnədʒən ˌæktɪˈveɪʃn̩ | (PAI- 1), NO-synthase third type (NOS3). 
(Slide 25) The genetic profile of a group of persons with mechanical injury and subsequent thromboembolic complications The greatest differences were observed with respect to the percentage of individuals with polymorphic alleles methylenetetrahydrofolate reductase gene (MTHFR), which imply a change in the concentration of homocysteine ​​in the blood plasma of the victims and as a consequence in the development of endothelial dysfunction. On the other hand – there is the presence of a significant number of victims with mutant alleles in the NO-synthase gene, disruption in the regulation involves vascular tone due to a decrease of synthesis and activity of NO. The presence of mutations in a gene inhibitor of plasminogen activation entails a reduction in the activity of this enzyme and hence slow and defective lysis of a blood clot has formed. We conclude that in the presence of mutant and polymorphic alleles in candidate genes of inherited predisposition to thrombophilia it is not possible to talk about the direct causal link between mechanical damage and subsequent thrombotic events. On the other hand, the time spent in the clinic genetic typing of these patients will reduce the risk of fatal complications due to the timely use of targeted therapy.

(Slide 26) CONCLUSION Of course, the whole range of genetic factors predisposing to an increased thrombosis is not limited to one genetic line that has been shown in our report. Enhanced gene panel to assess thrombotic complications depends largely on the financial possibilities of the genetic laboratory. However, our experience showed that traditional research of provided material for examination, complemented with the genetic typing of biological samples from the victim allows you to specify the presence or absence of a causal link between the mechanical trauma and subsequent thrombotic complications.

(Slide 27) Thank you for your attention.
MSS – musculoskeletal system trauma  

DVTLL – deep vein thrombosis of lower limbs

