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Myeloproliferative neoplasms, encompassing essential throm-
bocythemia, primary myelofibrosis, and polycythemia ve-
ra, represent a subset of hematological disorders within 
the Philadelphia-negative subgroup. The molecular net-
work involved in the JAK/STATs signaling pathway has 
been demonstrated involved in the genetic landscape of
Myeloproliferative disorders in several studies. Deubi-
quitinating genes such as CYLD and A20 are known as 
negative regulators of immune reactions. In this study, 
we assessed the expression levels of CYLD, A20, SHPs, 
and STATs genes by q-PCR. Additionally, genotyping via 
Kompetitive Allele Specific PCR (KASP) was employed 
to discern the genotypes of 5 variants within the A20, 
JAK2, HLA, and OR10Q2P genes. Furthermore, levels 
of inflammatory cytokines and cancer antigen 125 (CA-
125) were quantified using enzyme-linked immunosorbent 
assay (ELISA). Results showed that mRNA levels of CYLD, 
A20 and SHP-1 were significantly lower in all Myelo-
proliferative neoplasms patients, while expressions of SHP-2, 
STAT1 and STAT6 were significantly enhanced in Essen-
tial thrombocythemia patients when compared to controls. 
Concentrations of inflammatory cytokines IL-6, TNF-�, 
IL-1� as well as the cancer antigen protein CA-125 were 
elevated in Myeloproliferative neoplasms cases. Genotyping 
results explored that rs10974947 in JAK2, rs200878487 
in A20, and rs2281389 in HLA had higher frequencies in 

PMF cases compared to controls. Importantly, two novel 
associations as our knowledge, between the variant HLA 
rs2281389 (p = 0.004, OR = 2.6, 95% CI = 1.36–4.85) 
and OR10Q2P rs12289961 – a LPXN-nearby variant 
(OR = 1.95, 95%CI = 1.01–3.75) with Polycythemia 
vera were detected in this studied population. These data 
suggested that A20, JAK2, HLA and LPXN genes may ha-
ve important functions in disease phenotypes. Nevertheless, 
further functional studies on these genes should be carried out 
for a better understanding of Myeloproliferative neoplasms 
pathogenesis.

Key word: A20, CYLD, myeloproliferative neoplasms, SHP, 
STATs, HLA.

ÏÎË²ÌÎÐÔ²ÇÌÈ ÒÀ ÅÊÑÏÐÅÑ²ß ÃÅÍ²Â, 
ÀÑÎÖ²ÉÎÂÀÍÈÕ ²Ç ÑÈÃÍÀËÜÍÈÌÈ 
ØËßÕÀÌÈ JAK/STAT, Ó ÏÀÖ²ªÍÒ²Â 
Ç Ì²ªËÎÏÐÎË²ÔÅÐÀÒÈÂÍÈÌÈ 
ÍÎÂÎÓÒÂÎÐÅÍÍßÌÈ

Ì³ºëîïðîë³ôåðàòèâí³ íîâîóòâîðåííÿ, ñåðåä ÿêèõ ³ä³î-
ïàòè÷íà òðîìáîöèòåì³ÿ, ïåðâèííèé ì³ºëîô³áðîç òà 
ïîë³öèòåì³ÿ, ñòàíîâëÿòü ï³äãðóïó ãåìàòîëîã³÷íèõ ðîç-
ëàä³â ó ìåæàõ ï³äãðóïè áåç íàÿâíîñò³ ô³ëàäåëü-
ô³éñüêî¿ õðîìîñîìè. Ó÷àñòü ìîëåêóëÿðíî¿ ìåðåæ³, 
çàä³ÿíî¿ â ñèãíàëüíîìó øëÿõó JAK/STAT, áóëà ïðî-
äåìîíñòðîâàíà â äåê³ëüêîõ äîñë³äæåííÿõ ãåíåòè÷íî-
ãî ëàíäøàôòó ì³ºëîïðîë³ôåðàòèâíèõ ðîçëàä³â. Òàê³ 
ãåíè äåóá³êâ³òèíóâàííÿ, ÿê CYLD òà A20, â³äîì³ 
ÿê íåãàòèâí³ ðåãóëÿòîðè ³ìóííèõ ðåàêö³é. Ó öüîìó 
äîñë³äæåíí³ ìè îö³íèëè ð³âí³ åêñïðåñ³¿ ãåí³â CYLD, 
A20, SHP òà STAT çà äîïîìîãîþ ê³ëüê³ñíî¿ ÏËÐ. 
Êð³ì òîãî, áóëî çàñòîñîâàíî ãåíîòèïóâàííÿ çà äî-
ïîìîãîþ êîíêóðåíòíî¿ àëåëü-ñïåöèô³÷íî¿ ÏËÐ 
(KASP) äëÿ âèçíà÷åííÿ ãåíîòèï³â 5 âàð³àíò³â ó 
ìåæàõ ãåí³â A20, JAK2, HLA òà OR10Q2P. Á³ëüøå 
òîãî, áóëî âèêîðèñòàíî ³ìóíîôåðìåíòíèé àíàë³ç 
(²ÔÀ) äëÿ ê³ëüê³ñíîãî âèçíà÷åííÿ ð³âí³â çàïàëüíèõ 
öèòîê³í³â òà ðàêîâîãî àíòèãåíó 125 (ÑÀ-125). Ðå-
çóëüòàòè ïîêàçàëè, ùî ð³âí³ ìÐÍÊ CYLD, A20 ³
SHP-1 áóëè çíà÷íî íèæ÷èìè ó âñ³õ ïàö³ºíò³â ç ì³ºëî-
ïðîë³ôåðàòèâíèìè íîâîóòâîðåííÿìè, òîä³ ÿê åêñ-
ïðåñ³ÿ SHP-2, STAT1 ³ STAT6 áóëà çíà÷íî ï³äâèùåíà
ó ïàö³ºíò³â ç ³ä³îïàòè÷íîþ òðîìáîöèòåì³ºþ ïîð³â-
íÿíî ç êîíòðîëåì. Ó âèïàäêàõ ì³ºëîïðîë³ôåðàòèâ-
íèõ íîâîóòâîðåíü êîíöåíòðàö³¿ çàïàëüíèõ öèòîê³í³â 
IL-6, TNF-�, IL-1�, à òàêîæ á³ëêà-àíòèãåíó ðàêó CA-
125 áóëè ï³äâèùåíèìè. Ðåçóëüòàòè ãåíîòèïóâàííÿ 
ïîêàçàëè, ùî rs10974947 â JAK2, rs200878487 â A20 
òà rs2281389 â HLA ìàëè âèùó ÷àñòîòó ó âèïàäêàõ 
ÌÏÍ ïîð³âíÿíî ç êîíòðîëåì. Âàæëèâî, ùî â äî-
ñë³äæóâàí³é ïîïóëÿö³¿ áóëî âèÿâëåíî äâ³ íîâ³ àñî-
ö³àö³¿ ì³æ âàð³àíòîì HLA rs2281389 (p = 0,004, OR = 
= 2,6, 95% CI = 1,36–4,85) òà OR10Q2P rs12289961 – 
âàð³àíòîì, áëèçüêèì äî LPXN (OR = 1,95, 95% CI =
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= 1,01–3,75), ç ïîë³öèòåì³ºþ. Ö³ äàí³ ñâ³ä÷àòü ïðî 
òå, ùî ãåíè A20, JAK2, HLA òà LPXN ìîæóòü â³ä³-
ãðàâàòè âàæëèâó ðîëü ó ôîðìóâàíí³ ôåíîòèïó çà-
õâîðþâàííÿ. Òèì íå ìåíø, äëÿ êðàùîãî ðîçóì³ííÿ 
ïàòîãåíåçó ì³ºëîïðîë³ôåðàòèâíèõ íîâîóòâîðåíü íå-
îáõ³äíî ïðîâåñòè ïîäàëüø³ ôóíêö³îíàëüí³ äîñë³ä-
æåííÿ öèõ ãåí³â.

Êëþ÷îâ³ ñëîâà: A20, CYLD, ì³ºëîïðîë³ôåðàòèâí³ 
íîâîóòâîðåííÿ, SHP, STAT, HLA.
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