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1 2  

 
w chorobach autoimmunologicznych i zapalnych 

z  

1.  
-
-
-

 

W -
, 
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[1, 2]. 

ograniczeniem syntezy puryn oraz tymidylanu [3]. Jednak mechanizm odpowiedzialny 

-

 

[2, 4] -

 
 

-

-
[5, 6].  

 
 

 
1 
Uniwersytet Rzeszowski, www.ur.edu.pl. 
2 
Uniwersytet Rzeszowski, www.ur.edu.pl. 
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z  

2.  

z 

[7]. Wyszuki-
wanie literatury przeprowadzono w bazach PubMed/MEDLINE, Scopus oraz Web of 

dodatkowych publikacji istotnych dla tematu. Analizie poddano publikacje opublikowane

-carbon metabo-

, 

-
-

-

-
-

 

3. 
i  

, 

aktywnych form poliglutamylowanych [8]. Metotreksat jest hydrofilnym analogiem fo-

. 

-
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-

-
-

wego [1, 9].  
-

-
in vitro nie zawsze 

, 

-
-
 

i analiz single-cell [10-12].  

-
 
 

-
cyjne obserwowane w limfocytach regulatorowych czy w sygnaturach metylacyjnych 

 

4.  
4.1. Hamowanie szlaku folianowego 

-
czenia syntezy puryn i tymidylanu [13]. Mechanizm ten ma zasadnicze znaczenie 
w  

-
 

[2, 4]. 

-

[14]. Tym 
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[1, 9].  
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4.2. -AICAR-adenozyna 
Za najlepiej udokumentowany mechanizm przeciwzapalny niskodawkowego MTX 

AICAR adenozyna (5-aminoimidazol-4-karbo-
ksamid-ribonukleotyd transformylaza-5-aminoimidazol-4-karboksamidrybonukleotyd-

-

, 
[15] -

[2, 16]. Znaczenie adenozyny

-

- -

-
[15, 17].  

4.3.  

i -
- -

nego donora grup metylowych, oraz stosunek SAM do S-adenozylhomocysteiny (SAH),
 

[18, 19]. 

-

, 

-
[5, 20-22]. 

4.4.  

-
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[2, 23, 24]
-

in vitro, ex vivo 
w 

przez zmiany epigenetyczne w populacjach regulatorowych [24-26].  

5. 
autoimmunologicznych i zapalnych 

-

 
 

i  
wskazaniach, a umiarkowanie skuteczny lub mniej przewidywalny w innych.  

-
 
 

jak i fibroblastopodobne synowiocyty o cechach agresywnego, utrwalonego fenotypu 
 

w badaniach histologicznych i molekularnych [27]
in vitro 

-
ziowy [2, 28]

 
-
 

, 
 

-
logicznej [24, 26].  

 

This document was created by an application that isn’t licensed to use novaPDF.
Purchase a license to generate PDF files without this notice.

http://www.novapdf.com/


 
 

 

51 

-

-
-

[29].  

i 
-

z RZS [30]. 

- -

-

antyfolianowe i regulatorowe uruchamiane przez lek [31, 32].  

6. Podstawy epigenetyki w zapaleniu i autoimmunizacji 

-

-

[5, 33] -
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[34, 35]. 
-
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wiedzi immunologicznej. Deregulacja miR-146a i miR-
w 
lincRNA- -
torami osi NF- -

 
 

z RZS [36, 37].  

7. Metotreksat a epigenetyka 
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[41]. 
 i in. 

-

i 

in vitro, jak 
i ex vivo -

[25].  
-

MTX na lincRNA-p21. Spurlock i in. 
lincRNA- -

-
DNA- -

zapalny [37] -

-transkrypcyjnej.  
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-
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-
dem medycyny precyzyjnej [21, 42, 43].  

-

, 
analizy single-
W 

[44, 45].  

9.  

-
 

i -
 

-

leczenie [45, 47].  
in vitro a danymi kli-

nicznymi. W klasycznych badaniach na fibroblastopodobnych synowiocytach wykazano, 
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10. Dyskusja 

-

-
spektywie MTX nie jest alternatywnie lekiem antyfolianowym albo epigenetycznym, 
lecz lekiem metaboliczno-

 

- -
ex vivo 

in vitro 
 

-
-Treg. Praca Cribbs

i in. , 
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-p21 i NF-
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-
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Mechanisms of action of methotrexate in autoimmune and inflammatory diseases, 
with a focus on epigenetic changes 
Abstract 
The aim of this study was to present current knowledge on the mechanisms of action of methotrexate in auto-
immune and inflammatory diseases, with particular emphasis on the role of epigenetic changes. The rationale 
for addressing this topic stems from the continued key role of methotrexate in therapy despite the develop-
ment of biological agents, as well as the need for a better understanding of its multi-level mechanisms of action. 

-inflammatory me-
chanisms, its effects on the immune system, and the significance of epigenetic processes in the therapeutic 
response. The study was conducted as a narrative literature review with elements of a structured search in 
the PubMed, Scopus, and Web of Science databases. Original articles, review papers, and translational studies 
concerning methotrexate action, one-carbon metabolism, adenosine signaling, and epigenetic mechanisms 
were included. The analysis indicates that the effects of methotrexate are multidimensional and cannot be 
explained solely by its classical antifolate activity. A key role is played by the ATIC AICAR adenosine 
axis, which enhances anti-inflammatory signaling. Disturbances in one-carbon metabolism and modulation 
of the immune response are also of significant importance. Increasing evidence supports the involvement 
of epigenetic mechanisms, including DNA methylation changes, regulation of FOXP3 expression in regu-
latory T cells, and the influence on non-coding RNA, which may contribute to the durability of the clinical 
effect. The conclusions indicate that methotrexate should be considered a drug with integrated metabolic, 
immunological, and epigenetic actions. Epigenetics may serve as a bridge between short-term metabolic 
effects and long-term therapeutic response. Further studies using multi-dimensional approaches and cell- 
-specific analyses are needed to fully elucidate the mechanism of action and to develop tools for response 
prediction and therapy personalization. 
Keywords: methotrexate, autoimmune diseases, rheumatoid arthritis, epigenetics 
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