
Juvenis scientia 6 2021 | Vol. 7 | No. 6

www.jscientia.org

Review article DOI: 10.32415/jscientia_2021_7_6_6-16

BIOCHEMICAL PATHWAYS OF METABOLIC DISORDERS IN PSORIASIS

O. V. Samburskaya  1,2, S. Yu. Kalinchenko  1,2, N. V. Batkaeva  1

1 Institute of Medicine, Peoples' Friendship University of Russia
6 Mikluho-Maklaya St., 117198 Moscow, Russia
2 Professor Kalinchenko's Clinic
4 Butyrskaya St., p. 2, 127015 Moscow, Russia

 Samburskaya Olga — olga.samburskaya1429@yandex.ru 

The development of metabolic disorders occurs in psoriasis: insulin resistance, systemic inflam-
mation, atherosclerosis, oxidative stress and obesity. The paper presents pathological biochemical 
pathways of metabolic disorders development which is caused by common cytokine profile chara- 
cteristic for psoriasis and obesity and they are tumor necrosis factor alpha (TNF-α), interleukin-6 
(IL-6), and interleukin-8 (IL-8). The following links play a role in the development of insulin resis-
tance: insulin receptor (IRS-1) and insulin receptor substrate (SIR-1), glucose transporter protein 
(GLUT-4), also there is a decrease in the phosphatidylinositol 3-kinase pathway (PI3AKT) activity, 
and an increase in the mitogen activating protein kinase (MAPK) activity. Factors influencing the 
development of inflammation are discussed: IL-6, C-reactive protein, tissue plasminogen activator 
inhibitor (PAI-1), monocyte chemoattractant protein 1 (MCP-1), proinflammatory adipokines; pro-
cesses of vascular inflammation development, atherosclerosis development and oxidative stress. 
This article discusses endocrine disruption of adipocytes in obesity and the influence of adipokines 
and inflammatory mediators synthesized by fat cells on psoriatic disease. Advanced glycation end 
products (AGEs), hyperhomocysteinemia (HHcy) due to vitamin B12 and folic acid deficiency, and 
a 5,10-methylfolate reductase (MTHFR) mutation are also important in the clinical manifestations 
of psoriasis. The possibility of assessing metabolic disorders and dysfunction of various organs by 
changes in the levels of metabolites in the blood and skin of patients with psoriasis is discussed.
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При псориазе происходит развитие метаболических нарушений: инсулинорезистент-
ности, системного воспаления, атеросклероза, окислительного стресса и ожирения. 
В статье представлены патологические биохимические пути развития метаболических 
нарушений, которые обусловлены характерным для псориаза и ожирения цитокиновым 
профилем, включающим повышенные уровни фактора некроза опухоли альфа (TNF-α), 
интерлейина-6 (IL-6) и интерлейкина-8 (IL-8). В развитии инсулинорезистентности играют 
роль следующие звенья: рецептор инсулина (IRS-1) и субстрат рецептора инсулина (SIR-1), 
белок-транспортер глюкозы (GLUT-4), также происходит снижение активности фосфати-
дилинозитол 3-киназного пути (PI3AKT) и повышение активности митоген-активирующей 
протеинкиназы (MAPK). Обсуждаются факторы, влияющие на развитие воспаления: IL-6, 
С-реактивный белок, тканевой ингибитор активатора плазминогена (PAI-1) моноцитар-
ный хемоатрактант протеин 1 (MCP-1), провоспалительные адипокины; процессы разви-
тия сосудистого воспаления, атеросклероза и окислительного стресса. В статье также 
обсуждаются эндокринные нарушения адипоцитов при ожирении и влияние адипокинов 
и воспалительных медиаторов, синтезируемых жировыми клетками, на псориатическую 
болезнь. Рассматривается влияние на клинические проявления псориаза продуктов ко-
нечного гликирования (AGEs) и гипергомоцистеинемии (HHcy), обусловленной дефици-
том витамина В12 и фолиевой кислоты, а также мутацией 5,10-метилфолат редуктазы 
(MTHFR). Обсуждается возможность оценки метаболических нарушений и нарушения 
функции различных органов по изменению уровней метаболитов в крови и коже у паци-
ентов с псориазом.

Ключевые слова: адипоцит, адипокин, витамин В12, витамин D, воспаление, инсулино-
резистентность, метаболомика, окислительный стресс, продукты конечного гликирования, 
псориаз, фолиевая кислота.
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Introduction. The basis of the pathogenesis 
of psoriasis is interleukin-dependent immuno-
deficiencies. On the humoral immunity side, the 
expression of interleukin-4 (IL-4), interleukin-5 
(IL-5), interleukin-6 (IL-6), which are responsible 
for B-lymphocyte activation, increases. The  
level of interleukin-8 (IL-8) increases, which ac-
tivates neutrophils, T-lymphocytes. Activated 
T-lymphocytes produce two different groups of 
cytokines: T-helpers-1 (Th1)- interleukin-2 (IL-2), 
tumor necrosis factor alpha (TNF-α), interferon 
gamma (IFN-γ) and T-helpers-2 (Th2)-IL-4, IL-5 
and interleukin-10 (IL-10). In psoriasis, the cy-
tokines of the Th1 immune response dominate. 
Levels of IL-10, which suppresses Th1 cytokine 
production, are decreased. In addition to TNF-α 
and IFN-γ, activated T lymphocytes in rashes 
produce the following cytokines: IL-3, IL-6, and 
granulocyte-macrophage colony-stimulating fac-
tor. Common factors for psoriasis and obesity 
are: TNF-α, IL-6, and IL-8 [1]. 

Psoriasis is a chronic, relapsing, immune-medi-
ated disease with severe chronic systemic inflam-
mation, which makes psoriatic disease manifest 
not only by skin and nail lesions but also by joint 
lesions and systemic manifestations [1, 2]. Ac-
cording to an analytical review of the epidemio- 
logy of psoriasis, the incidence in both adults and 
children has more than doubled over the past 
thirty years [3, 4]. And despite the fact that the 
main etiological factor is genetic predisposition, 
psoriatic disease is increasingly occurring in peo-
ple without a hereditary burden. This jump in the 
incidence of the disease among those with and 
without heredity is primarily attributed to vitamin 
D deficiency, which leads to the development of 
insulin resistance, obesity, decreases skin immu-
nological properties and disrupts the ratio be-
tween pro- and anti-inflammatory cytokines [5].

Insulin resistance. One of the main cytokines 
that plays a key role in the development of insu-
lin resistance in psoriasis and obesity is TNF-α.

Insulin resistance is a decrease in the response 
of insulin-sensitive tissues: adipose tissue, he-
patic and transverse striated muscle, to insulin 
when its concentration is sufficient [6].

It is also known that the same biochemical 
pathways for the development of insulin resist-
ance, along with TNF-α, are stress and increased 
free fatty acids (uncompleted β-oxidation of fat-
ty acids in mitochondria leads to the accumu-
lation of excessive amounts of intermediate 
products of the tricarboxylic acid cycle and the 
accumulation of long-chain acyl-carnitine CoA 
[7]) [8, 9, 10]. TNF-α activates inhibitor kappa ki-
nase beta (IKKβ) in adipocytes and hepatocytes, 
which leads to disruption of insulin binding to 
the receptor as a result of phosphorylation of 
serine molecules in specific sites of β-subunits 
of the insulin receptor type 1 (IRS-1), which 
reduces its affinity for insulin. And the amount 
of GLUT-4 transport protein, which is the main 
intracellular glucose transporter to muscle and 
fat cells, is reduced [11]. This contributes to 
insulin resistance, which is accompanied by re-
duced activation of SIR-1 and FI-3-kinase path-
way, which reduces glucose entry into the cell 
and its use by target organs; reduced activation 
of two classes of protein kinases (B and C) dis-
rupts apoptosis and cell proliferation and leads 
to disruption of protein synthesis. But if the FI-
3-kinase pathway is blocked, the MARK pathway 
continues to function.

Inflammation and atherosclerosis. Produced 
in psoriasis and insulin resistance IL-6, IL-1β, IL-8 
induce a vascular inflammatory response, which 
leads to the synthesis of C-reactive protein by 
the liver, which, in turn, is also involved in the 
progression of insulin resistance and the de-
velopment of atherosclerosis. Oxidative stress 
also contributes to the development of ather-
osclerosis. Oxidized lipoproteins present in the 
blood are recognized by specific receptors on 
the surface of macrophages, and macrophages 
engulf these lipoproteins with the formation 
of foamy cells that are deposited on the walls of 
blood vessels as white stripes. And TNF-α also 
leads to increased production of ITAP-1 (tissue 
plasminogen activator inhibitor-1), which leads 
to increased thrombosis.

Inflammatory cytokines, PAI-1, and insulin 
resistance cause endothelial inflammation that 
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increases thrombosis and atherosclerosis. In 
insulin resistance and obesity there is inactiva-
tion of NO due to increased oxidative stress and 
accumulation of reactive oxygen radicals. The 
concentration of other endothelium-expand-
ing factors also decreases: prostacyclin, C-type 
natriuretic peptide, adrenomedulin. The pro-
duction of vasoconstrictor factors increases: 
endotellins, thromboxane A2, prostaglandin H2, 
angiotensin 2. The level of intracellular potassi-
um decreases and intracellular calcium and so-
dium increase, which leads to increased sensi-
tivity of the vascular wall to pressor effects. The 
combination of the above factors leads to the 
development of cardiovascular pathology and 
metabolic syndrome (MS) [11, 12].

Psoriasis contributes to the development of IR, 
which leads to overweight and obesity, and the 
increased amount of lipids in the adipocyte ac-
tivates JNK and IKKβ, the same effect occurs un-
der the influence of proinflammatory cytokines: 
TNF-α and IL-1β, which activate JNK and IKKβ/NF-
kB. Toll-like receptors (Toll-R) located on keratino- 
cytes and Langerhans cells, which bind to bacte-
rial lipid conjugates, participate in the inflamma-
tory response, also join this process. Therefore, 
in hyperlimidemia, Toll-R binds to endogenous 
lipids, triggering a cascade of inflammatory re-
sponses. And, as mentioned above, psoriasis de-
velops overweight, which in turn leads to activa-
tion of reactive oxygen species (oxidants). 

Oxidative stress. The presence of oxidative 
stress in psoriasis patients has been proven in 
a number of studies: increased malonic dialde-
hyde activity in the affected skin, erythrocytes 
and serum and decreased total antioxidant sta-
tus and activity of antioxidant enzymes: super-
oxide dismutase and catalase. A positive correla-
tion was found between the activity of psoriatic 
disease and a decrease in total antioxidant sta-
tus, and an increase in total oxidative status [13, 
14].

Oxidative stress stimulates the expression 
of TNF-α, IL-6, MSR-1 (monocyte chemoat-
tractant, dendritic cells and T-lymphocytes) 
and decreased production of the protective 

adipokine, adiponectin (negatively correlates 
with TNF-α and IL-6, increases NO production 
and IL-10 secretion, inhibits Toll-R, suppresses 
IL-17 synthesis). Also, lipid accumulation in the 
cell disrupts the folding (the process of spatial 
arrangement of polypeptide chains) of proteins 
in the endoplasmic reticulum of adipocytes and 
hepatocytes, which, as well as Toll-R activation 
and proinflammatory mediator activity, leads to 
JNK and IKKβ/NF-kB activation followed by SIR-
1 phosphorylation. Proinflammatory cytokines 
also activate JNK NF-kB through a direct linkage 
mechanism, which leads to an increase in tran-
scription factors, receptors and various proteins, 
including chemokines (have the ability to attract 
monocytes and simulate their differentiation 
into macrophages), adhesive proteins, P- and 
E-selectins (promote lymphocyte gliding along 
skin vessels), ICAM-1 (dendritic cell adhesion 
molecule), VCAM-1 (vascular wall cell adhesion 
molecule), which supports the circulation of im-
mune cells in the site of inflammation and their 
adhesion to the corresponding cells, endothelial 
and dendritic cells with maintenance of the in-
flammatory process in vessels, with progression 
of atherosclerosis, and immune cell activation 
[12, 13, 14].

Adipocytes and psoriasis. Numerous studies 
conducted in the USA, UK, China, Korea and ot-
her countries established that for patients with 
psoriasis the risk of developing overweight, obe-
sity, arterial hypertension, metabolic syndrome, 
diabetes mellitus (DM) is twice as high as in the ge- 
neral population. And there is an increased risk of 
developing psoriasis in adults and children who 
are overweight, obese, especially abdominal, 
and MS compared to a population with a normal 
BMI. Overweight and obesity preceded psoriasis 
among children with this dermatologic disease 
in 93% of cases by two years. Half of the patients 
who were not overweight or obese before the 
onset of psoriasis had a dramatic weight gain 
within the first two years. It has also been found 
that in overweight, obese, and MS patients, the 
likelihood of developing psoriasis and its sever-
ity and extent increase with weight [11, 15, 16, 
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17, 18, 19]. Considering that obesity is a chronic 
inflammation, it is characterized by the following 
changes: dyslipidemia, insulin resistance, espe-
cially pronounced in abdominal obesity, hyper-
insulinemia, leptin resistance (low sensitivity of 
hypothalamic receptors to leptin, resulting in lack 
of feeling of satiety after eating (leptin is synthe-
sized by adipocytes), ghrelin resistance (absence 
or insufficient decrease in blood plasma ghrelin 
after a meal, resulting in a strong sense of hunger 
(ghrelin is produced by enteroendocrine cells of 
the stomach floor)). As a result of insulin resist-
ance there is a disturbance of carbohydrate, fat 
and protein metabolism, which together with the 
developing dyslipidemia leads to structural and 
functional disorders of cell membranes due to 
changes in their phospholipid composition. Qual-
itative and quantitative changes in membrane li-
pids (increased levels of total lipids, cholesterol 
esters were found in the analysis of the fatty acid 
spectrum of erythrocyte membranes in obese 
children and adolescents) leads to disruption of 
cell membrane elasticity and the entire cytoskel-
eton is restructured: The configuration of surface 
active groups in the membrane, the number of 
channels for various ions changes, the function 
of integral proteins such as ion pumps, insulin re-
ceptors, glucose transporters, and signaling sys-
tems is impaired, which leads to structural and 
functional disorders at the cellular level. 

Also, the secretion of cytokines and vasoac-
tive substances is altered in visceral adipose 
tissue suffering from obesity: The synthesis of 
proinflammatory mediators — up to 30% IL-
6, IL-8, IL-1β, TNF-α — is increased; production 
of adipokines with a protective function — ad-
iponectin (negatively correlates with TNF-α and 
IL-6, increases NO production, regulates IL-10 
secretion, regulates toll-receptors, suppresses 
IL-17 synthesis) and omentin (stimulates vasodi-
lation and tissue revascularization and weakens 
TNF-α-induced adhesion molecule expression, 
monocyte adhesion) is reduced, and synthesis 
of pro-inflammatory factors is increased resistin 
(increases IR), leptin (promotes differentiation 
of T-lymphocytes into Tx-1, synthesis of IL-6, IL-8, 

TNF-α), chemerin (involved in the pathogenesis 
of inflammation and development of dyslipi-
demia), visfatin (stimulates production of proin-
flammatory factors in monocytes and increases 
T-lymphocyte activation) retinol-binding protein 
4 (involved in the development of IR), fetuin A 
(induces the synthesis of proinflammatory ad-
ipokines), lipocalin-2 (involved in epidermal in-
flammation, inflammatory bowel disease, posi-
tively correlates with IL-1β). Thus, IR leads to the 
development of fatty hepatitis, obesity, diabetes 
mellitus, metabolic syndrome (MS), is a trigger of 
psoriasis development and aggravates the course 
of psoriatic disease [11, 20, 21, 22].

Advanced glycation end products. An essen-
tial role in the development of the inflammatory 
response in the body is played by advanced gly-
cation end products (AGEs), which are consid-
ered as potentially toxic molecules accumulating 
in the human body and causing the occurrence 
or progression of complications of diabetes, 
neurodegenerative, cardiovascular and many 
other diseases. Endogenous AGEs are formed 
during aging of the organism, and the source of 
exogenous advanced glycation end products is 
cigarette smoke (smoking is the strongest pro-
vocateur of psoriatic disease development and 
aggravates this disease [23]), food rich in fats and 
proteins, heat-treated (especially, high tempera-
ture exposure with formation of a brown crust).

The glycation process is considered as 
a non-enzymatic modification of proteins, nu-
cleic acids and phospholipids by monosaccha-
rides and reducing oligosaccharides as well as 
carbonyl compounds — products of their deg-
radation. This process consists of several stages: 
first, there is a spontaneous non-enzymatic reac-
tion of proteins with sugars (Maillard reaction) 
due to the interaction between reducing sugars 
or dicarbonyl products of their decay (glucose, 
fructose, galactose, mannose, ribose, reactive 
trioses — intermediates of energy metabolism) 
and amino groups of lysine, arginine, and sul-
fur-containing amino acid residues). As a result, 
labile Schiff bases are rapidly formed, which in 
turn undergo intramolecular rearrangement 
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and form relatively stable Amadori and Hines 
products (ketosamines, deoxyketoses, or deoxy-
aldoses). These first two reactions are reversible 
and the rate of formation of Schiff bases and 
Amadori products is directly proportional to the 
monosaccharide concentration, with galactose, 
fructose and ribose having the highest glycation 
activity compared to glucose. The next step is 
the formation of intermediates (glycolaldehyde, 
glyoxal, glyceraldehyde, methylglyoxal, 3-deoxy- 
gluxazone, dicarbonyl) from Schiff bases and Am-
adori products, which proceeds by three main 
pathways: The Wolf, Namiki, and Hodge path-
ways. Stable modified amino acid residues, called 
advanced glycation end products, or AGEs, are 
then formed. Only long-lived proteins (collagen, 
hemoglobins, albumins, crystallins) undergo this 
process, since it lasts from several weeks to sev-
eral months, and in the same way amino groups 
of phospholipids in cell membranes and DNA nu-
cleic acids are modified [24, 25, 26]. 

There are several ways in which glycation end 
products affect: already at the stage of glycation 
intermediates formation, reactive oxygen spe-
cies — hydrogen peroxide and hydroxyl radical 
are formed, antioxidant enzymes themselves are 
glycated, their consumption is increased, which 
further increases oxidative stress, which causes 
inflammation and changes in gene expression; 
loss of function of long-lived glycated protein and 
cell function disruption due to glycation of intra-
cellular proteins and lipids; there is evidence that 
glycated metabolites have antigenic properties 
and induce autoimmune reactions.

Glycation end products interact with the fol-
lowing types of receptors: AGE-R1,2,3 which 
remove AGEs, inhibit increases in reactive ox-
ygen species, and suppress the activation of 
RAGE-dependent signaling pathways (e.g., sup-
presses activation of the NF-kB-dependent sign-
aling pathway); macrophage scavenger receptors 
and RAGE (Receptor For Advanced Glycation 
End Products), which are expressed in almost 
all types of CNS cells and are present in mono-
cytes, macrophages, T-lymphocytes, endothelial 
cells, dendritic cells, fibroblasts, smooth muscle 

cells, chondrocytes, keratinocytes, melanocytes. 
AGEs themselves are also capable of enhancing 
RAGE expression. Ligands for RAGE are also pro-
teins of the S100 family (small calcium-binding 
proteins characterized as DAMP and having a cy-
tokine-like action), β-amyloid (Аβ40 and Аβ42), 
extracellular DNA, phospholipids, and glycos-
aminoglycans. The interaction of RAGE with one 
of these ligands activates a number of compo-
nents of intracellular signaling cascades, includ-
ing protein kinase B, protein kinase C, glycogen 
synthase kinase; GSK3β; pSrc- and PI3K-kinase, 
Rac and Ras GTPases, ERK1/2-, JNK-, MEK-kinas-
es; p38 MAP- and ROCK kinases, early response 
protein 1Egr-1, transcription factors NF-kB and 
STAT3. Binding of endogenous and exogenous 
AGEs to their receptors primarily causes a proin-
flammatory response mediated by the NF-kB 
transcription factor responsible for inflammation. 
Stimulation of RAGE leads to oxidative stress and 
causes activation of the mitogen-activated ki-
nase cascade (MAPK), which leads to the release 
and activation of NF-κB, leading to the formation 
of TNF-α and other proinflammatory cytokines. 
AGEs lead to inactivation of superoxide dismu-
tase, glutathione peroxidase, and activation of 
matrix metalloproteinases (MMP). Glycated col-
lagen in skin, vessels, muscles loses its function: 
the intermolecular cross-linking of collagen fibers 
becomes rigid and less flexible, which increases 
its susceptibility to mechanical stresses, but it is 
highly resistant to the action of MMP, collagen 
glycation impairs the ability to convert L-arginine 
to nitric oxide, an essential cofactor in cross-link-
ing collagen fibers, while the charge of the pro-
tein on collagen side chains changes, which leads 
to a disturbance of interaction with surrounding 
cells and matrix proteins; similar changes occur 
with other proteins: elastin, fibronectin, and 
laminin. AGEs inhibit the proliferation of fibro-
blasts, causing their apoptosis; changes in fibro-
blast intermediate fibers (vimentin, cytokeratin 
10) occur; they reduce the viability of keratino-
cytes, which express proinflammatory mediators 
in response to advanced glycation end products 
[26, 27, 28].
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A study by Anastasia Papagrigoraki et al. has 
shown that irrespective of the presence or ab-
sence of metabolic disorders, patients with 
psoriasis have increased levels of AGEs in the 
skin, which increases inflammation and oxida-
tive stress, worsening the course of the disease. 
A positive correlation was also found between 
the severity of psoriasis and the level of AGEs in 
the skin and blood [29].

Thus, AGEs are a trigger for psoriasis and can 
exacerbate the course of the disease through in-
creased oxidative stress and inflammation.

Metabolomics. Metabolic changes in psoria-
sis are not local but systemic, which is confirmed 
by the high frequency of comorbid pathologies 
in psoriatic disease: insulin resistance, obesity, 
diabetes mellitus, arterial hypertension, athero-
sclerosis, metabolic syndrome. This is why it is 
so important to evaluate metabolomics, which 
studies the pathogenesis of psoriasis in terms of 
inflammation, immunity and inheritance. Deter-
mination of metabolite levels reflects changes in 
gene expression, which reflects the phenotype 
and functional state of the organism [30].

A number of studies have found that plasma 
levels of essential amino acids are elevated in 
psoriasis: threonine, leucine, phenylalanine and 
tryptophan, increased levels of serine, glycine, 
histidine, reduced levels of glutamine, cysteine 
and asparagine (associated with an increased 
need for synthesis of antioxidant enzymes and 
methylation processes); also increased levels of 
lysophosphatidylcholine, free fatty acids (have 
a cytotoxic effect on pancreatic β-cells and con-
tribute to endothelial dysfunction, modulate 
Toll-receptor activity and through binding per-
oxisome proliferator-activated receptors (PPARs) 
modulate cytokine and T-helper levels) particu-
larly arachidonic acid and, as a consequence, 
proinflammatory eicosanoids (leukotriene B4, 
thromboxane A2, prostaglandin 2, which in-
crease inflammation, provoke atherosclerosis 
development, synthesis of proinflammatory me-
diators, increase cyclooxygenase-1 and 2 levels) 
elevated levels of uric acid. These changes are 
associated both with keratinocyte hyperprolifer-

ation (increased energy requirement) and with 
the development of inflammation, endothelial 
dysfunction, development of subclinical ather-
osclerosis, impaired liver and kidney function. 
In psoriatic disease there are increased levels 
of α-ketoglutaric acid (α-ketoglutarate is neces-
sary for collagen synthesis), lactic acid, asparagic 
acid and glutamic acid, which are also associated 
with increased energy requirements for protein 
and cytokine synthesis in conditions of cell hy-
perproliferation. Increased levels of choline indi-
cate cell hyperproliferation, and increased levels 
of taurine indicate the presence of inflammation 
and oxidative stress [30, 31, 32]. The study by 
Chao Chen et al showed that glutamine, aspar-
agine levels were negatively correlated with the 
PASI score (Psoriasis Area Severity Index), where-
as there was a positive correlation with the lev-
els of alanine, carnosine, ornithine, and phos-
phoserine, as well as reduced levels of carnitine 
and its metabolites (essential for fatty acid trans-
port and lipid β-oxidation) [33, 34]. In a study by 
Liis Pohla et al., who compared the metabolites 
of biopsy specimens from psoriasis-affected and 
healthy skin, they found a significant difference 
in 29 components, such as amino acids, biogenic 
amines, lysophosphatidylcholine, phosphatidyl-
choline, histamine, carnitine and its metabolites 
[35], changes similar to blood parameters.

Hyperhomocysteinemia (HHcy). Homo- 
cysteine (Hcy) is an intermediate product of me-
thionine metabolism, sulfur-containing amino 
acid, it is not a structural element of proteins 
and therefore does not enter the body through 
food, it is synthesized from methionine. Ho-
mocysteine is metabolized in two ways: by the 
transfer of the sulfate group, which occurs in 
the presence of vitamin B6, or by remethylation, 
which occurs in the presence of vitamin B12 and 
folic acid. Under physiological conditions the 
only source of homocysteine in the body is the 
conversion of methionine. Conversion of excess 
homocysteine into methionine requires high 
concentrations of the active form of folic acid 
(5-methyltetrahydrofolate). The major enzyme 
responsible for converting folic acid to its active 
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form is 5,10-methyltetrahydrofolate reductase 
(MTHFR). Deficiencies of vitamins B6, B12, fol-
ic acid and decreased MTHR enzyme activity 
are the main causes of hyperhomocysteinemia 
(HHcy) [36].

Studies on the use of B vitamins and folic acid, 
in particular vitamins B12, B1, B2, B6, were conduct-
ed in the last century in the 50-60s, which report-
ed positive treatment results when using these 
vitamins separately or together [37]. In  psoriasis, 
lack of folic acid and vitamin B12 can be a cause 
of HHcy, while smoking, alcohol consumption, 
obesity, atherosclerosis, cardiovascular diseases 
are associated factors. In vivo and in vitro studies 
have shown that homocysteine stimulates T cells 
to secrete the inflammatory mediators IFN-γ and 
IL-2, and promotes their differentiation into Th1, 
CD4+ into Th17, with increased secretion of IL-17 
and inhibits Treg function, which contributes to 
both psoriasis, atherosclerosis and other cardio-
vascular diseases. Hcy increases superoxide ani-
on release by neutrophils to the extracellular me-
dium and increases intracellular H2O2 production 
by neutrophils. Hcy enhances the activation and 
phosphorylation of mitogen-activated protein ki-
nases. A positive correlation was found between 
Hcy and TNF-α, IFN-γ, IL-17α, IL-1β, TNF-α and 
IL-6 and increases the activity of matrix metallo-
proteinases, increases the activity of the nuclear 
transcription factor Nf-kB. Given these data, we 
can assume a positive correlation between ho-
mocysteine levels and psoriasis severity [36, 38, 
39].

In a study by Rababeh Abedini et al., homo-
cysteine, vitamin B12, folic acid levels were de-
termined and it was found that patients with 
psoriasis have lower folic acid levels and high-
er homocysteine levels compared to controls 
[40]. In a study by SK Çakmak et al., they found 
a positive correlation between homocysteine 
levels and the severity of psoriasis [41]. A meta- 
analysis including 24 studies also confirmed that 
patients with psoriatic disease have significantly 
reduced folic acid levels and increased homo-
cysteine levels compared to control groups [42].

Conclusion. Thus, the manifestation of pso-
riatic disease, even in the presence of genetic 
predisposition and the development of severe 
forms of psoriasis, can be under epigenetic con-
trol by preventing the development of insulin 
resistance, obesity, metabolic syndrome, con-
trolling homocysteine, vitamin B12, folic acid, 
advanced glycation end products, preventing 
the development of oxidative stress and assess-
ing internal organ functions with metabolomics 
in mind. Only a holistic approach in the thera-
py of various diseases, and psoriasis in particu-
lar, will help to reduce the risk of manifestation 
of psoriatic disease, reduce the severity of clini-
cal symptoms, prolong remission and significant-
ly improve patients' quality of life.
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