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ABSTRACT

The article presents modern view at the personalized (precision) medicine and discusses the role of genome, glycobiome, microbiome studies 
in the selection of individualized treatment. Actual data on the options of target immunotherapy of cancer are presented. Up-to-date feasibility 
of personalized therapy and perspectives for its development are considered.
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The development of genetics, molecular and cell biology changed the 
ideas about the nature of many diseases, approaches to their treatment 
and prophylaxis. Despite the introduction of standardized international 
protocols of different diseases treatment, a novel direction has been ac-
tively developing in the up-to-date science – personalized or precision 
medicine [3, 9, 10]. The latter implicates the individual approach to the 
diseases treatment, based on the results of investigations of genome, 
proteome, glycobiome, microbiome of each individual patient. [3, 4, 5].

Actually, personalized medicine is mainly used in small groups of pa-
tients with rare diseases or in the case of ineffectiveness of conventional 
methods of treatment or contraindications to them [4, 10]. The main vec-
tors for personalized medicine are cancer, obesity, bronchial asthma, dia-
betes mellitus, psychic disorders, gout etc. [7, 15].

The emergence of personalized medicine is related with the insuf-
ficient effectiveness of the conventional methods of treatment, since it 
is known, in particular, that the efficacy of antidepressants application 
makes not more than 40 %, antitumor therapy – 75 % and efforts of the 
scientists to predict the effect of pharmaceutical drugs in certain patients 
[15, 24]. To the opinion of scientists, the creation of the large databases 
according to the results of large population genome investigations will 
allow to model the transcriptomic profile of drugs [24].

Personalized medicine is a logical result of the actual today tendency 
to reductionism in medical practice, when the diseases is increasingly 
often analyzed on the molecular level [5]. The results of molecular in-
vestigations and not the origin of tumor and stage of the disease have 
already become determinating at the selection of chemotherapy in onco-
logic patients [25].

The development of the personalized medicine is also facilitated by 
the increase of the number of biobanks worldwide, storing the umbilical 
cord blood stem cells, other human tissues and cells, which may be used 
with the purpose of autologous therapy. Personal storage of the biological 
material is considered to be a kind of bioinsurance and becomes increas-
ingly popular in the countries with high social standards.

HISTORICAL NOTE 
In the scientific publications, the term “personalized medicine” for 

the first time appeared in 1999, although the conception of personalized 
medicine was formulated yet in the early 1960-s [10]. Till now the dis-
putes have been lasting on which term is the most correct “personalized 
medicine” or “precision medicine” and despite the fact that these defini-
tions are interchangeable, the statement of meaning “precision medicine” 
is used predominantly in scientific sense, whereas “personalized medi-
cine” rather in clinical practice [9].

In 2016, the term “personalized medicine” was officially approved by 
the National Health Service of England and “precision medicine” in 2015 
[9]. Hence, the United Kingdom of Great Britain and Northern Ireland be-
came the first state to introduce personalized medicine into the practical 
health care [9]. Today, personalized medicine has been actively develop-
ing, what is facilitated by the commercialization of genomics, proteomics, 
bioinformatics, biobanking.

ROLE OF GENOME IN PERSONALIZED MEDICINE 
The main principle of the personalized medicine is the selection of 

the individual scheme of treatment, based on the determination of the 
correlation between the genotype of the individual patient and data on 
the phenotype of their disease [3]. This became possible courtesy of the 
creation of large electronic databases, containing the results of genotyp-
ing of huge cohorts of patients [3]. Up-to-date, more than 6,000 rare 
diseases were described, 80 % of which are genetically mediated [6]. 
The best example of the personalized medicine is a use of the drug, po-
tentiating the transmembrane conductivity, to which only 5 % of cystic 
fibrosis patients are sensitive, having the mutation of gene p.Gly551Asp 
[4]. Other examples of the successful personalized therapy may include 
low carbohydrate diet, allowing to achieve clinical improvement at the de-
ficiency of the protein glucose transporter type 1 (syndrome of Glut-1 de-
ficiency) [6]. The established mutation of gene CTPS1 (cytidine triphos-
phate synthase-1) explains the tendency to severe form of the chickenpox  



64 Cell and Organ Transplantology.  May 2019, Vol. 7, No. 1

THE ROLE OF MICROBIOME IN PERSONALIZED MEDICINE
According to the results of deeper studies on the role of human mi-

croflora in homeostasis and pathogenesis of many diseases (obesity, 
metabolic syndrome, Crohn’s disease, ulcerative colitis, atherosclerosis 
etc.) bacteria may be considered to be an individual organ and vector of 
influence by therapeutic measures [8]. Human microbiome is called the 
second genome, since it encompasses trillions of bacteria, hosting the 
organism and being integrated with it [16].

The mechanism of the pathogenetic influence of dysbiosis on the de-
velopment of disease is poorly studied and main theories are based on the 
change of digestive activity of microbiota and alteration of the intestinal 
signal pathways, caused by the disbalance of the intestinal metabolites, 
signaling chemical compounds of low molecular weight, secreted by 
the bacteria into the intestinal lumen, in particular secondary bile acids, 
short-chain fatty acids [21].

The role of microbiome in recent years has been widely studied in the 
interrelationship with obesity and modulation of the patient’s intestinal 
microflora has been increasingly considered as a method of body weight 
correction [23]. The decrease of the body weight index in obesity patients 
was shown under the conditions of certain probiotics administration [23].

Up-to-date, the intestinal microflora is known to be involved in the 
realization of the effectiveness and toxicity of drugs, in particular it was 
established that intestinal microflora courtesy of its high metabolic activ-
ity may inhibit the effect of cytostatic and cardiac glycoside digoxin, and 
trimethylamine oxide, the product of bacterial metabolism of choline and 
carnitine, participates in the pathogenesis of atherosclerosis and may be 
detected as a marker of cardiovascular diseases [8].

One of the directions of the modern personalized medicine is fecal 
microbiota transplantation in the treatment of inflammatory bowel di-
sease, metabolic syndrome, infectious diseases of the intestine [21].  
Fecal microbiota transplantation is approved as a safe and effective 
method of treatment of recurrent pseudomembranous colitis, caused by  
Clostridium difficile [22]. Efficacy of fecal microbiota transplantation  
in the treatment of the metabolic syndrome was shown in experimental 
studies [21]. However no convincing data on the efficacy of fecal micro-
biota transplantation in the treatment of Crohn’s disease and ulcerative 
colitis has been obtained [21]. 

TARGET IMMUNOTHERAPY OF CANCER
The personalized methods of treatment have gained the widest applica-

tion in oncology and mainly are based on the application of the inhibitors of 
tyrosine kinases and other monoclonal antibodies as well as adoptive im-
munotherapy with T-lymphocytes [15]. The discoveries in the field of target 
immunotherapy of cancer with the use of T-lymphocytes were awarded the 
Nobel Prize in Medicine and Physiology in 2018.

The application of Т-lymphocytes with the chimeric antigen receptor, so 
called CAR-T-lymphocytes is considered to be the most promising method 
of personalized therapy of oncologic diseases [17]. CAR-T-lymphocytes are 
obtained with the method of gene editing according to the technology of 
clustered regularly interspaced short palindromic repeats (CRISPR) from 
the own T-lymphocytes of the patient [18]. CAR-T-lymphocytes, retrans-
fused back to the patient recognize the superficial antigens of the tumor 
independently from the major histocompatibility system, proliferate and 
destroy tumor cells according to the principle of the reaction with the an-
tigen [17]. More than 500 clinical trials, evaluating the safety and efficacy 
of CAR-T-lymphocytes have been registered in the international database 
[19]. B-cell lymphomas are supposed to be the most promising indica-
tion to CAR-T-cell therapy, that is mediated by the selective and homog-
enous expression of CD19 or CD20 antigens by them and easier access for  
T-lymphocytes [17].

CONCLUSIONS AND PROSPECTS FOR THE DEVELOPMENT  
OF PERSONALIZED MEDICINE
Results of up-to-date studies show the penetration of personalized 

treatment methods into the different fields of medicine, being the therapy 

infection and allows to administer such patients a bone marrow transplant 
as a potential therapy [6].

In recent decade, a significant advancement has been made in the 
understanding of the genetic background of the gout and pharmacogenet-
ics of the hypouricemic therapy. The cohort studies, that enrolled 110,000 
Europeans allowed to reveal 28 loci, responsible for the hyperuricemia 
and it was shown that the efficacy of treatment with alopurinol is medi-
ated by the ABCG2 genes variants [7]. These findings could have practical 
significance in the treatment of gout if the cost of genetic investigations 
was lower [4, 7].

Genetic variants affect the pharmacokinetics of the drugs, that is 
important at dosing of pharmaceuticals. Mutations of protein genes, re-
sponsible for the transport of statins decrease the effectiveness of hy-
pocholesterolemia therapy and in patients with CYP2D6 gene defect the 
decreased sensitivity to the drug tamoxifen is noted, the latter is used in 
the treatment of estrogen-receptor positive breast carcinomas [15].

The determination of the major histocompatibility system (MHC) loci 
has been increasingly used in the up-to-date personalized medicine, al-
lowing to determinate the inherited tendency to certain diseases, to pre-
dict the effectiveness of different methods of treatment and their side 
effects [13].

However, the personalized medicine has gained the widest use in the 
preventive oncology, where screening programs are based on the deter-
mination of gene mutations. It was established, namely, that the incidence 
of breast cancer development in female carriers of BRCA1 or BRCA2 gene 
mutation makes 45-65 % till the age of 70, and in the case of muta-
tion of APC (adenomatous polyposis coli) gene colon cancer develops 
till 40-50 years of age of the carrier [20]. In both cases organ resection 
is considered for the malignancy prevention. Genome associations with 
rheumatoid arthritis are also well elucidated today [13].

THE ROLE OF GLYCOBIOME IN PERSONALIZED MEDICINE 
Besides genetic research, in recent years glycome studies have been 

supposed to be extremely promising. The glycome means the set of gly-
coconjugates, expressed by cells and tissues [14]. Every cell is covered 
by a carbohydrate layer – glycocalyx, rich and diverse according to its 
content, consisting mainly of glycoproteins, glycolipids and proteogly-
cans, involved in numerous reactions of intercellular interaction and re-
sponse to infectious agents as well as processes of differentiation, apop-
tosis etc. [1, 2, 11]. The variability of glycoconjugates was proved to be 
significantly higher than the human genome and as of today less than 
2 % of genes were revealed, coding proteins, engaged in glycosylation 
processes [1].

The acute need for the elucidation of the glycosylation markers, 
changed by the disease, was substantiated by the scientists with the pur-
pose of more individualized and optimized therapy on the early stages of 
numerous diseases [1, 11]. Evaluation of protein glycosylation changes 
also may be useful for the monitoring of the course of disease and ef-
ficacy of treatment, in particular in disorders, associated with aging pro-
cesses [2]. The importance of glycosylation processes research in health 
and pathology is confirmed by the fact that all FDA approved tumor mar- 
kers, in particular cancer-embryonic antigen (CEA), alfa-fetoprotein (AFP), 
mucin 16 (MUC-16), prostate-specific antigen (PSA), β-chorionic (βhCG) 
and others, are glycoproteins according to their chemical structure [1]. 
This is because the transformation of a healthy cell into the malignant one 
is accompanied by the excessive expression of erroneously glycosylated 
proteins, loss of cell polarity by the epitheliocytes and secretion of pro-
teins with changed glycosylation into the blood flow [1].

More than 50 diseases, mediated by aberrant glycosylation have been 
discovered within recent 20 years, mediated by the disorders of cell mem-
brane glycoconjugates metabolism, including carbohydrate-deficient gly-
coprotein syndrome and one of the forms of alcoholism [11]. Glycosi- 
lation changes, in particular enhancement of fucosylation and syalation of 
serum glycoproteins, were noted in the cancer of stomach, colon, ovaries, 
breasts, prostate, lungs [1].
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of choice for patients with the established molecular defect, being the 
background for the disease pathogenesis. The development of persona-
lized medicine will be facilitated by the extending of the electronic da-

tabases of genome, glycobiome, microbiome in different disorders and 
their international integration. The disadvantage of the personalized medi-
cine is its high cost.
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