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ABSTRACT
Introduction and aim. The pathogenesis of autoimmune diseases, including musculoskeletal, gastrointestinal, and endocrine 
manifestations, involves the interaction of genotype and environmental factors. Pathologies demonstrate comorbidity and 
clinical heterogeneity even within a single family. Genetic polymorphisms of one-carbon metabolism are key regulators of cel-
lular processes that become therapeutic targets. 
Description of the case. The study describes personalized therapy for a patient with an autoimmune comorbid disease, with 
an emphasis on genetic and metabolic characteristics. The treatment regimen is adapted to the features of the one-carbon 
metabolism profile of a patient with chronic autoimmune hepatitis and degenerative-dystrophic joint disease. Family history 
includes autoimmune thyroiditis, vitiligo, Parkinson’s disease, cardiovascular diseases. The patient’s genotype for single nucleo-
tide polymorphisms rs1801133, rs1801131, rs1801394, rs1805087, and rs3733890 of the one-carbon metabolism genes is asso-
ciated with elevated plasma homocysteine levels. After treatment, changes in biochemical parameters were observed: alanine 
aminotransferase (72→53 U/L), aspartate aminotransferase (53→44 U/L), gamma-glutamyltransferase (129→89 U/L), alkaline 
phosphatase (313→125 U/L) and homocysteine ​​(15.1→17.0 μmol/L). 
Conclusion. Positive dynamics after personalized therapy demonstrates the importance of an interdisciplinary approach to etio-
pathogenetic treatment, emphasizing the need to support hepatobiliary function along with muscular and skeletal therapy.
Keywords. autoimmune hepatitis, betaine-homocysteine methyltransferase, one-carbon metabolism genes, personalized 
therapy 

Introduction
Personalizing pharmacotherapy for patients, especially 
for severe chronic noncommunicable diseases, is a glob-
al and, in particular, European trend. The main focus in 
practical activities is the application of the results of phar-

macogenetic studies and the accumulated experience in 
this area to predict therapeutic and side effects, the con-
sequences of the interaction of several simultaneously 
prescribed drugs, and improving treatment outcomes. 
The implementation of prediction is based primarily on 
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knowledge of the patient’s genetic profile. At the same 
time, it is necessary to take into account a large amount 
of patient data on other biological and environmental pa-
rameters such as  life and family history.1,2 

The development of molecular types of analysis has 
created opportunities for early assessment of pleiotropic 
effects of mutations and the development of individual 
treatment methods for patients, in particular, with auto-
immune diseases, which at the same time may have clin-
ical manifestations from the endocrine musculoskeletal, 
gastrointestinal tract, and other systems.2-6 Common 
foundations and mechanisms of disease pathogenesis in-
volve a complex interaction of genetic, embryological, 
immunological, and exogenous factors.7 For example, 
autoimmune polyendocrine syndrome (APS) includes a 
diverse group of clinical conditions and is characterized 
by functional impairment of many endocrine organs due 
to loss of immune tolerance.8-10 Autoimmune thyroiditis 
is associated with stomach disorders in 10–40% of pa-
tients.7-10 Patients with type 1 diabetes often have con-
comitant multisystem autoimmune diseases, including 
thyroid, parathyroid gland pathologies, celiac disease, vit-
iligo, gastritis, dermatoses, and rheumatic diseases.2

Genetic studies of autoimmune diseases allow ex-
ploring pathogenesis and drug efficacy. It has been es-
tablished that genetic factors of autoimmune hepatitis 
coincide with factors of other autoimmune diseases. 
Certain ethnic features regarding candidate genes and 
alleles predisposing to autoimmune hepatitis in Europe-
ans, Latin Americans, and Japanese are presented.11 Au-
thors note that the results of genetic studies explain the 
phenotypic heterogeneity of autoimmune hepatitis and 
identify biological markers of drug response. The poly-
morphism of some genes associated with the pharma-
cokinetics and pharmacodynamics of drugs can modify  
the gene expression, causing changes in treatment in pa-
tients with autoimmune diseases.12 

One-carbon metabolism potentially plays a role in 
the regulation of homeostasis and is also a target for drugs 
that affect the digestive system and metabolism processes 
of antineoplastic, antiepileptic, and other drugs.13-19 Cer-
tain genotypes for one-carbon metabolism genes, par-
ticularly the MTHFR gene, may predispose to increased 
levels of circulating homocysteine, causing inflammation 
through oxidative stress. Resulting vascular dysfunction 
affects tissue function, leading to the development of car-
diovascular, cerebrovascular, thromboembolic diseases, 
inflammatory syndromes, and neurodegenerative pa-
thologies. An increase in homocysteine levels is observed 
in various liver diseases, including metabolically associ-
ated fatty liver disease. Hyperhomocysteinemia is noted 
in patients with rheumatoid arthritis. A link between hy-
perhomocysteinemia and complications of diabetes has 
been established since patients with diabetic angiopathy 
had high homocysteine levels.20-25

One pathway of homocysteine conversion to me-
thionine is provided by betaine-homocysteine methyl-
transferase (BHMT). Certain genotypes for the BHMT 
gene may provide normal or reduced enzyme activity.26 
Under the appropriate genotype, maximum expression 
of BHMT is observed with a diet low in methionine 
but high in methyl donors such as betaine, choline, or 
betaine sulphonium analogs. Betaine functions as an 
osmolyte and methyl group donor, with its main phys-
iological effects studied in animals  and  humans, espe-
cially against the background of  complex therapy for 
hepatobiliary system pathology including hepatocellu-
lar carcinoma.27-31

Over the last decades, the literature widely discusses 
the experience of successful simultaneous use of drugs 
from different pharmacotherapeutic groups, in partic-
ular, corticosteroids, lipotropic substances used in liv-
er diseases, drugs that affect the digestive system and 
metabolic processes, amino acids and their derivatives, 
including autoimmune pathologies of the hepatobili-
ary system.32-35 At the same time, it is advisable to take 
into account the genetics of drug metabolism in patients 
with comorbid pathology against the background of the 
appointment of complex therapy, which can provide 
support for clinical decisions to improve medication 
management in medical care. Despite the universality of 
many aspects of genetic information, it is important to 
study the practical experience in each country or region, 
considering the ethnic, sociocultural and other charac-
teristics of patients and the environment.36 

For example, the diet may involve products that in-
teract with different effects with the same enzymes as 
the prescribed drugs.37 Therefore, personalization of 
complex therapy based on the analysis of the genotype 
and other features of the comorbid patient with autoim-
mune pathology is relevant.

Aim 
The study aims to analyze the possibility of an individual 
approach to treatment, taking into account the genetic 
and metabolic characteristics of a patient with comor-
bid autoimmune pathology and degenerative-dystro-
phic joint lesions.

Description of the case
The patient D., Eastern European male, 53 years old, 
was observed and underwent treatment at the munic-
ipal non-commercial enterprise “City Clinical Hospital 
No. 13” of the Kharkiv City Council and the munici-
pal non-commercial enterprise “City Multidisciplinary 
Clinical Hospital No. 17” of the Kharkiv City Council, 
Kharkiv, in 2021–2024. 

Laboratory and instrumental investigations were car-
ried out.38,39 Laboratory studies, including general clini-
cal, biochemical, immunological, and molecular genetics 
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were performed using samples of blood, urine, and feces. 
General clinical biochemical, immunofermentative, im-
munofluorescent, electrochemiluminescence, PCR qual-
itative types of analysis were conducted using analyzers 
Mindray BC-3000 Plus (Mindrey), Cobas 8000/Cobas 
Pro/Cobas6000/Cobas e411(Roche Diagnostics), Euro-
immun Analyzer I Eurostar III Plus, and a fluorescent 
microscope (Euroimmun). Molecular-genetic analysis of 
polymorphic variants C677T (rs1801133) and A1298C 
(rs1801131) of the MTHFR gene (OMIM: 607093), 
A2756G (rs1805087) of the MTR gene (OMIM: 156570), 
A66G of the MTRR gene (rs1801394) (OMIM: 602568), 
G742A (rs3733890) of the BHMT gene (OMIM: 602888) 
was carried out by PCR-RFLP using Thermal Cycler 
Biometra T3000 (Biometra).16,17,40

Instrumental methods included ultrasound ex-
amination (Philips Clear Vue 550, Philips), multislice 
computed tomography (Philips Brilliance 64, Philips), 
electrocardiography (Heaco 300 G; Heako), radiogra-
phy. A clinical-genealogical analysis allowed obtaining 
and studying data on relatives of the first to third de-
grees of kinship. 

The presented work is done in accordance with 
the main positions of the “Rules of Ethical Principles 
for Conducting Scientific Medical Research Involv-
ing Human Subjects” adopted by the Helsinki Declara-
tion (1964-2013), ICH GCP (1996), EEC Directive No. 
609 (11/24/1986), Orders of the Ministry of Health of 
Ukraine No. 690, No. 944, No. 616. The patient in our 
project was informed about the purpose, design, meth-
ods of the study and provided written informed consent 
to be a participant in this completely anonymous project.

We provide an example of using genetic testing re-
sults for an individual approach to pharmacotherapy of 
a comorbid patient with autoimmune pathology.

Anamnesis
The patient has a main diagnosis: autoimmune hepa-
titis (ANA 1:320) with minimal activity cytolytic and 
cholestatic syndromes. Hemangioma of the right part of 
the liver (d up to 1cm). Comorbid diagnosis: System-
ic involvement of connective tissue, unspecified. Bilat-
eral deforming gonarthrosis II-III stages, arthrogenic 
contracture of both knee joints. Deforming arthrosis of 
the acromioclavicular joint 1–2 stages right side. Sclero-
sis of the large tubercle of the right shoulder bone with 
impairment of the right upper limb. Mixed contracture 
of the right shoulder joint. Osteoarthritis of the lum-
bar spine, spondyloarthrosis. Impaired joint function I 
stage. Pain syndrome. Chronic recurrent urticaria. Vit-
iligo. Alopecia. chronic atrophic autoimmune gastritis, 
Helicobacter pylori negative, in the acute stage. Post-ar-
throscopy state of the left knee joint, right knee joint, 
varicocele.

The family history of the patient is burdened with 
autoimmune thyroiditis, vitiligo, Parkinson’s disease, 
and cardiovascular diseases, including varicose veins, 
hypertensive disease, myocardial infarction in relatives 
of 1–3 degrees of kinship. Does not smoke or drink al-
cohol.

The patient has been suffering from vitiligo since 
childhood, chronic urticaria for more than 18 years, 
arthrosis for more than 15 years. Due to arthralgia, he 
repeatedly turned to the trauma department, where di-
agnostic and therapeutic measures were carried out.

The general condition of the patient is of moderate 
severity, consciousness is clear, position is active. Skin 
and visible mucous membranes are pale pink, moist. 
Height 184 cm, weight 100 kg. Body mass index (BMI) 
– 29.5 kg/m³. Peripheral lymph nodes are not palpable. 
In the lungs, breathing is vesicular, no rales. Heart tones 
are muffled, rhythmic. Blood pressure (BP) – 140/90 
mm Hg Art., HR=Ps=70 bpm. Tongue moist, coated 
with a dense white-yellow plaque. The abdomen on in-
spection is symmetrical, no hernial protrusions, actively 
participates in the act of breathing, on superficial pal-
pation painless, unstrained, peritoneal symptoms neg-
ative, Mendel’s symptom negative, on methodical deep 
sliding palpation by Obraztsov-Strazhesko – the abdo-
men is soft, painless. The liver is not palpable; the edge 
of the liver is soft, painless, smooth. Dimensions of the 
liver by Kurlov 12×11×10 cm. Tenderness at the points 
of Mayo-Robson and Kacha is absent; tenderness in the 
zone of Schoffar is absent. The spleen is not palpable. 
Pasternatsky’s symptom is negative on both sides. Stool 
daily formed without pathological admixtures, diuresis 
– urine of normal color, urination free, painless. Periph-
eral edema – no.

Joints: sizes and shapes are changed, mobility im-
paired. Pain on palpation and movement.

Laboratory study data
Analysis of laboratory test results in dynamics, before 
and after treatment, are within the average reference 
values for general blood test, electrolytes, proteinogram, 
lipidogram, with the exception of Low-density lipopro-
teins (LDL) (1.37 mmol/L, 1.68–4.53) and  High-densi-
ty lipoproteins  (HDL) (0.82 mmol/L, 1.04–1.55 ). The 
results of laboratory studies in dynamics are presented 
in Table 1.

Indicators of general clinical analysis of urine, mi-
croscopic and physico–chemical properties are with-
in the norm. Ketone bodies not found. No bacteria. 
Urine analysis for diastase – 166 U/L against the norm 
of 0–450 U/L. Coprogram without pathological devi-
ations. Stool analysis for ova/helminths – not found. 
Pancreatic elastase in feces – 720 μg/g against a norm of 
more than 200 μg/g.
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Data of instrumental studies
Electrocardiogram (ECG): HR=55 bpm. Sinus rhythm. 
Left ventricular myocardial hypertrophy.

Ultrasound of abdominal organs
The liver is not enlarged. Right lobe KBP 157 mm. Left lobe 
thickness 114 mm KKP 74 mm. Contours are even, clear, 
edge sharp. Parenchyma is homogeneous, finely granular, 
increased echogenicity. Hyperechoic formation in SgV up 
to 1 cm in d. The gallbladder is enlarged V=49 cm³. De-
formed due to the septum in the neck. Walls thickened to 
28 mm. In the lumen, homogeneous bile. Hepatocholed-
ochus is not dilated 0.4 cm in d, walls are not thickened. 
The pancreas is well visualized, not enlarged, head 30 cm, 
body 21 cm, tail 28 cm. Wirsung’s duct is not dilated – 
1 mm. Contours are clear, even. Echogenicity is normal. 
Structure is homogeneous. Portal vein 0.95 cm in d, splen-
ic vein 0.8 cm in d, periportal fibrosis absent. Morrison’s 
pouch does not contain fluid. The spleen is not enlarged 
1.08x0.54 cm. Echogenicity is normal. Kidneys are typi-
cally located, shape unchanged, mobility sufficient. Right 
kidney 1.09x0.62 cm. Left kidney 1.27x0.59 cm. Contours 
are even, clear. Parenchyma is homogeneous, parenchyma 
height not reduced (right 21 mm, left 23 mm). Cavity sys-
tem unchanged. Conclusion: Diffuse changes in liver pa-
renchyma of the type of steatosis II stage. Hemangioma of 
the right lobe of the liver.

According to the Revised Original Score for Auto-
immune Hepatitis (AIH), a pre–treatment score of 10 
or greater and a post–treatment score of 12 or greater 
indicates “probable” AIH. A pre–treatment score of 10 
has a “sensitivity” of 100%, a specificity of 73%, and a di-
agnostic accuracy of 67%. The patient’s total pre–treat-
ment score was 12.

Prescribed treatment
Therapy was prescribed in accordance with the 
Ukrainian clinical protocol for providing medical care 
to patients with autoimmune hepatitis, international 
recommendations Practice Guidance and Guidelines 
and manufacturers’ instructions.38,39 Basic therapy – 
budesonide, 9 mg per day, additional therapy – ursode-
oxycholic acid, 1000 mg per day, ademetionine, 1000 
mg per day, betaine 2 g per day. The patient is recom-
mended to continue the prescribed therapy for up to 
two months. Against the background of the therapy, 
positive clinical and laboratory dynamics are observed.

Discussion
Interactions between drugs affect the effectiveness of 
therapy and the possible toxicity of active substances, 
after which the absence of the expected therapeutic re-
sult and unpredictable side effects may be observed. 
Taking into account the features of the simultaneous 
use of drugs and their interactions is important for pre-

Table 1. Results of laboratory tests of the patient

Indicator
Result before 

treatment
Result after 
treatment

Reference 
values

Biochemical blood test
Blood albumin, g/L 43 52 35–50
Thymol test, units 2.2 up to 4
Total bilirubin, μmol/L 15.9 10.4 5–21
Bilirubin direct, μmol/L 5.4 4.0 2.20–5.13
Bilirubin indirect, μmol/L 10.5 6.4 6.3–15.4
Alanine aminotransferase (ALT), U/L 72 53 0–41
Aspartate aminotransferase (AST), U/L 53 44 0–37
Gamma-glutamyl transferase (GGT), U/L 129 89 0–55
Аlkaline phosphatase (ALP), U/L 313 125 53–128
Alpha-amylase, U/L 87 34 20–104
Creatinine, μmol/L 78.4 93.3 38.8–93.2
Сalurea, μmol/L 5.3 0–8.3
Вlood glucose, mmol/L 5.76 5.76 4.11–5.89
Homocysteine, μmol/L 15.1 17.0 up to 15.0
Serum iron, μmol/L 22.2 11.6–31.3
Тransferrin, g/L 3.0 2–3.6
Ferritin (FER), μg/L 108.0 30–220
Ceruloplasmin, mg/dL 19 15–30

Rheumatic tests
C-reactive protein, mg/l up to 0.6 up to 6
Rheumatoid factor, IU/ml negative up to 12
Antistreptolysin-O, IU/ml 81 up to 200

Coagulogram (Сoagulation tests)
Prothrombin time, seconds 11.7 12–18
Prothrombin index, % 107 90–105
International normalized relationship (INR) 0.92 0.85–1.15
Prothrombin index according to Quick, % 129 70–130
Activated partial thromboplastin time (APTT),              
s

27.9 24–34

Blood test for hormones
Thyroid stimulating hormone (TSH) 2.0 0.3–4

Immunological tests
Autoimmune panel STD-X, serum (Ro/SS-A 52, La/
SS-В, CENP-B, Scl-70, dsDNA, Jo-1, MPO, PR3, AMA 
M2, LC 1, LKM 1, PM/Scl 100, SRP 54, Sp 100, gp 210, 
Ku, Sm, U1-snRNP), kU/L

0.18–0.28
<0.3 –

negatitve
result

Аntibodies IgG SS-A-52 (Ro-52), SS-A-60 (Ro- 60), 
SS-B (La), RNP/Sm, RNP-70, RNP-A, RNP-C, Sm-BB, 
Sm-D, Sm-E, Sm-F, 
Sm-G, Scl-70, Jo-1, dsDNA, ssDNA, 
polynucleosomes,  mononucleosomes, complex 
histones, histone H1, H2A, H2B, H3, H4,Pm-Scl-100, 
centromeres B

3.0
<1.0 –

negative
result

Antinuclear antibodies (ANA)
1:320

<1:100 –
negative result

Parietal cells of the stomach, antibodies
IgG (PCA)

2.45
<1.00 –

negative result
Analysis for HbS Ag and anti–HCV

Hepatitis B Not found Not found
Hepatitis C Not found Not found

Genetic tests
MTHFR 

C677T СТ СС. СТ. ТТ
A1298C АС АА. АС. СС

MTR
A2756G AG AA. AG. GG

MTRR
A66G AG AA. AG. GG

BHMT
G742A GG GG. GA. AA
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dicting the results of treatment and preventing negative 
events.41

The metabolism of budesonide is mediated by the 
CYP3A4 enzyme, as well as CYP3A5 and CYP3A7.42 
Accordingly, the need for simultaneous use of inhibi-
tors, inducers or substrates of CYP3A4 requires an as-
sessment of the risk of systemic side effects and dose 
adjustment of the drugs. Ursodeoxycholic acid (UDCA) 
is an inducer of P450 3A. At the same time, according 
to the manufacturer’s instructions, induction is not ob-
served when interacting with budesonide.

According to the literature, it is known that combina-
tion therapy with ursodeoxycholic acid and budesonide 
was more effective than ursodeoxycholic acid monother-
apy for primary biliary cirrhosis–autoimmune hepati-
tis overlap syndrome. In addition, budesonide has fewer 
side effects, for example, compared to prednisone.33 An-
other potential long-term benefit of budesonide thera-
py is the preservation of bone mineral density.39 Results 
from several studies suggest that combination therapy 
with ursodeoxycholic acid + [corticosteroids and/or an-
timetabolites] may be superior to  ursodeoxycholic acid 
and corticosteroids ± azathioprine for the treatment of 
autoimmune hepatitis-primary biliary cirrhosis, but the 
authors clarify that further studies are needed to defini-
tively demonstrate this.32 Results of the simultaneous use 
of UDCA and budesonide are more effective than UDCA 
and placebo.34  

S-adenosyl-L-methionine (SАМe)  is known to be 
a hepatoprotector related with methylation. Also SAMe 
has been shown to suppress autoimmune reactions in 
PBC. The authors suggest potential therapeutic applica-
tions of SAMe.43

Data on the combination therapy of ursodeoxycho-
lic acid and S-adenosyl-L-methionine in the treatment 
of gestational cholestasis are presented in the EASL 
Clinical Practice Guidelines on the management of liver 
diseases in pregnancy 2023.35  

In vitro, SAM and betaine have been shown to en-
hance the antiviral effects of PegIFN-alpha-2a/2b and 
ribavirin. Both substances positively affect interfer-
on-induced gene expression in individuals with viral 
hepatitis who do not respond to pegIFNα/ribavirin. 
SAM prevents CCl4-induced liver cirrhosis, inhibits 
cancer growth, and has a pro-apoptotic effect on hepa-
tocellular carcinoma and MCF-7 breast cancer cells.29 
Combinations of SAMe with taurine and/or betaine 
have hepatoprotective effects against ethanol-induced 
liver damage and antioxidant functions in addition to 
anti–inflammatory effects against bacterial and/or viral 
inflammation.30,31 Thus, the addition of ursodeoxycho-
lic acid,  ademetionine, and betaine to basic budesonide 
therapy potentiates positive dynamics. 

When planning the treatment regimen, the patient’s 
genetic and metabolic features were taken into account.

From the manufacturer’s instructions for ademe-
tionine, it is known that a contraindication to its prescrip-
tion is genetic defects affecting the methionine cycle and/
or causing homocystinuria and/or hyperhomocystein-
emia during ademetionine therapy. Because the patient’s 
genotype for five SNP genes of one–carbon metabolism – 
MTHFR 677CT/MTHFR 1298AC/MTR 2756AG/MTRR 
66AG/BHMT 742GG, it may predispose to increased lev-
els of homocysteine in the blood plasma.

It is known that heterozygous genotypes for the 
main genes of folate/methionine metabolism are associ-
ated with the highest indicators of homocysteine content 
in blood plasma.22–24 Given such a genotype, it is advis-
able to conduct a study of the homocysteine level in the 
blood plasma. Before treatment, the indicator was 15.1 
μmol/L against a reference value of 15 μmol/L (Table 1). 
Considering that the patient has a homozygous geno-
type G742G for the functional allele rs3733890 of the 
BHMT gene, the prescription of a dietary supplement 
with betaine and arginine will promote the remethyl-
ation of homocysteine into methionine and prevent an 
increase in homocysteine levels. Since hyperhomocys-
teinemia is an independent risk factor for cardiovascu-
lar and other pathologies for a patient with a burdened 
family history and own diseases, its prevention is par-
ticularly relevant. Therefore, the combined prescription 
of ademetionine with a dietary supplement with beta-
ine and arginine is rational, with which changes in bio-
chemical indicators in dynamics were noted: ALT (72 
and 53 U/L), AST (53 and 44 U/L), GGT (129 and 89 
U/L), ALP (313 and 125 U/L), homocysteine (15.1 and 
17 μmol/L) (Table 1). The dynamics of homocysteine 
are not statistically significant. 

The role of betaine as a dietary supplement in the 
prevention/mitigation of liver diseases associated with 
metabolic disorders and alcohol consumption is con-
sidered well–studied.44 Betaine therapy alone has been 
shown to prevent vascular events in homocystinuria 
and also has benefits in other conditions associated with 
hyperhomocysteinemia as adjunctive therapy. Since be-
taine increases the level of methionine, reducing and 
maintaining the level of homocysteine is possible and 
effective with a diet limiting methionine and dietary 
supplements with betaine.45,46 When planning a diet, it 
is also advisable to consider the needs for B vitamins, as 
well as other metabolic features associated with patholo-
gies of the gastrointestinal tract and bone tissue accord-
ing to the genotype.47 Patients who have been taking 
dietary supplements with betaine for a long time should 
monitor the level of methionine and homocysteine in 
blood plasma.

Since recommendations regarding the diet must 
take into account the peculiarities of all drugs metab-
olism during treatment, and the peculiarities of drug–
food interactions, it is important to note that budesonide 
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is a substrate of the cytochrome P450 3A4 isoenzyme 
CYP3A4. A drug or product that alters CYP3A4 activity 
may increase or decrease budesonide levels in the body. 
For example, grapefruit is a potent CYP3A4 inhibitor 
and may increase systemic exposure to budesonide.48 
Seville oranges, often used to make orange marma-
lade, pomelo, and tangelo may have the same effect as 
grapefruit juice. In addition, ursodeoxycholic acid is an 
inducer of P450 3A. Consumption of CYP3A4 inhibi-
tors is not recommended during treatment with drugs 
that are metabolized by this enzyme. It is advisable 
that dietary advice to patients includes information on 
undesirable and preferred components and their combi-
nations during treatment and, if possible, taking into ac-
count the patient’s genotype as a metabolizer.49

 In addition to understanding the interactions be-
tween drugs and products, it is advisable to consider 
pharmacogenetic and therapeutic recommendations for 
specific drug-gene pairs to predict treatment outcomes 
depending on the patient’s genetic and metabolic sta-
tus as a metabolizer. In the presented case, it would be 
useful to assess the patient’s genotype for the CYP3A4 
gene, since the two prescribed drugs are metabolized 
by this enzyme.49 It would be possible to more accu-
rately predict the therapeutic effect and dosages. At the 
same time, standard protocols do not involve assessing 
the patient’s genotype before prescribing the mentioned 
drugs, so we consider such a project as promising.

We have not found data in the literature on the 
combination in patients of autoimmune hepatitis and 
arthrosis, although joint pain is a symptom of both au-
toimmune hepatitis and diseases of the musculoskeletal 
system. Provided that the patient’s genotype for genes 
associated with autoimmune hepatitis and arthrosis is 
unknown, we can discuss the etiology of the patient’s 
multifactorial pathologies using various hypotheses.

Comorbidity may be caused by the pleiotropic ef-
fect of one of the genes included in the genetic net-
works of both pathologies. It is known that genetic 
features of vitamin D reception are associated with 
both the development of autoimmune hepatitis and 
bone tissue disorders. Dysfunctional products of ge-
netic variants or deficient levels of the gene prod-
uct can disrupt homeostatic mechanisms that affect 
the proliferation and survival of autoreactive T- and 
B-cells, regulate the production of cytokines, and 
modulate inflammatory and immune reactions.39 Co-
morbidity may be due to independent genetic causes. 
In such cases, the clinical picture of the patient reflects 
the realization of the pathological genotype according 
to several included genes. For example, we previously 
described a patient who had mutations in the HFE and  
ATP7B genes associated with the development of two 
independent monogenic pathologies – hemochroma-
tosis and Wilson’s disease.50

At the same time, the complex genetic architecture 
of multifactorial diseases presupposes the implemen-
tation against the background of many environmental 
factors, the contribution of which is difficult to assess. 
It is believed that exposure to xenobiotics can act as en-
vironmental triggers for the loss of autotolerance to au-
toantigens in individuals genetically predisposed to the 
development of autoimmune hepatitis.39 In this regard, 
it is possible to discuss the effects of doses, duration of 
administration and the risk of hepatotoxicity of non-ste-
roidal anti-inflammatory drugs, which the patient took 
against the background of the development of arthro-
sis.51 However, we did not set a goal in this work to find 
out and present the genetic nature of comorbidity in the 
described patient. Such research requires a different de-
sign and technological solutions. Given the multifacto-
rial nature of the described pathologies, assessment of 
their genetic landscape will probably, but not necessari-
ly, be able to identify candidate genes or genes and may 
be a continuation of this project. 

Considering the patient’s comorbidity, during the 
administration of budesonide for the prevention of os-
teoporosis, it is suggested to maintain a high calcium 
intake, from food and supplements – 1500 mg/day, vita-
min D – 800 IU/day.48 Moderate physical activity with-
out strain and lifting heavy objects is recommended. 
Also, considering the presence of vitiligo and chronic 
recurrent urticaria in the patient, regular supervision 
by a family doctor, gastroenterologist, traumatologist, 
and allergist is recommended. Since thyroid dysfunc-
tion and other endocrine aspects may be observed in 
patients with autoimmune hepatitis and given the bur-
dened family history of autoimmune thyroiditis, con-
sultation with an endocrinologist may be useful. The 
patient also received dietary recommendations.

The limiting factor in assessing the effectiveness of 
therapy is the patient’s awareness and commitment to 
follow the instructions not only regarding the drug regi-
men, but also the diet, activities, daily routine and other 
components. This problem is international and depends 
on many factors. At the same time, modern models of 
specialist–patient partnership involve combining vari-
ous ways of patient involvement, including care experi-
ence and mediation in health care, therapeutic patient 
education and patient education pathways, as well as pa-
tient–professional partnership.52

Conclusion
The clinical case demonstrates the appropriateness of 
personalized therapy in the example of autoimmune 
hepatitis, taking into account the genetic characteris-
tics of patients that affect metabolism in the context of 
ademetionine therapy. The appropriateness of involv-
ing specialists of various specialties and a complex of 
research methods for etiopathogenetic treatment is sub-
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stantiated. Genotyping an individual for rs3733890 al-
lows specifying the ways of correcting one–carbon 
metabolism.
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