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Äîñë³äæåííÿ ïðîâîäèëè â ðàìêàõ íàóêîâî-äî-
ñë³äíî¿ ðîáîòè ÍÄË åêñïåðèìåíòàëüíî¿ îíêîëîã³¿ Íà-
ö³îíàëüíîãî ³íñòèòóòó ðàêó Óêðà¿íè «Ðîçðîáèòè ìåòîä 
êîìá³íîâàíî¿ ñïåöèô³÷íî¿ òà íåñïåöèô³÷íî¿ ³ìóíîòå-
ðàï³¿ â åêñïåðèìåíò³ òà âèçíà÷èòè ïîêàçàííÿ äî éîãî 
çàñòîñóâàííÿ â êîìïëåêñíîìó ë³êóâàíí³ õâîðèõ íà çëî-
ÿê³ñí³ íîâîóòâîðåííÿ» (øèôð òåìè – Â. Í. 14.01.07. 
122-10, ¹ äåðæàâíî¿ ðåºñòðàö³¿ 0109U000439, 2010-
2012 ðð.). 

Âñòóï. Ó çâ’ÿçêó ç íåäîñòàòíüîþ åôåêòèâí³ñòþ 
îñíîâíèõ ìåòîä³â ë³êóâàííÿ çëîÿê³ñíèõ íîâîóòâîðåíü, 
ó âñüîìó ñâ³ò³ àêòèâíî éäå ïîøóê íîâèõ ï³äõîä³â ïðî-
òèïóõëèííî¿ òåðàï³¿. Îñòàíí³ì ÷àñîì àêòèâíî ðîçâè-
âàºòüñÿ íàïðÿìîê õ³ì³î³ìóíîòåðàï³¿ (Õ²Ò), çîêðåìà 
ïîºäíàííÿ ³ìóíîòåðàï³¿ íà îñíîâ³ äåíäðèòíèõ êë³òèí 
(ÄÊ) òà íèçüêèõ äîç õ³ì³îïðåïàðàò³â [10, 11]. 

Íà ï³çí³õ ñòàä³ÿõ ïóõëèííî¿ ïðîãðåñ³¿ ó õâîðèõ ñïî-
ñòåð³ãàºòüñÿ ³ìóíîäåô³öèòíèé ñòàí, ùî õàðàêòåðèçó-
ºòüñÿ çíèæåííÿì àêòèâíîñò³ Ò-ë³ìôîöèò³â, ïðèðîä-
íèõ ê³ëåðíèõ êë³òèí (ÏÊÊ), ñèñòåìè ìîíîíóêëåàðíèõ 
ôàãîöèò³â, ïîðóøåííÿì ìåõàí³çì³â ïðåçåíòàö³¿ àíòè-
ãåí³â, çá³ëüøåííÿ ê³ëüêîñò³ ñóïðåñîðíèõ êë³òèí ç ôå-
íîòèïîì CD4+CD25+Foxp3+ òà ñóïðåñîðíèõ êë³òèí ì³º-
ëî¿äíîãî ïîõîäæåííÿ (MDSC) [2]. Á³ëüø³ñòü îñíîâíèõ 
ìåòîä³â ïðîòèïóõëèííî¿ òåðàï³¿ (õ³ðóðã³ÿ, ïðîìåíåâà 
òåðàï³ÿ òà õ³ì³îòåðàï³ÿ) òàêîæ ³íäóêóþòü êë³òèííó ³ìó-
íîñóïðåñ³þ. Ïóõëèííà ³ìóíîñóïðåñ³ÿ ðîçâèâàºòüñÿ ÿê 
íà ñèñòåìíîìó (ïîðóøåííÿ äîçð³âàííÿ ë³ìôîöèò³â, 
íåäîñòàòíÿ àêòèâàö³ÿ àíãèíåíïðåçåíòóþ÷èõ êë³òèí 
(ÀÏÊ), ñèíòåç ïðîòèçàïàëüíèõ öèòîê³í³â), òàê ³ íà ëî-
êàëüíîìó (ï³äâèùåííÿ ê³ëüêîñò³ ñóïðåñîðíèõ êë³òèí â 
ì³êðîîòî÷åíí³ (ÌÎ) ïóõëèíè, ñèíòåç ïðîòèçàïàëüíèõ 
öèòîê³í³â, íåïîâíà àêòèâàö³ÿ åôåêòîðíèõ êë³òèí) ð³â-
íÿõ, ùî çíà÷íî óñêëàäíþº ñòâîðåííÿ åôåêòèâíèõ ³ìó-
íîòåðàïåâòè÷íèõ ïðåïàðàò³â. 

Ïóõëèíà òà êë³òèíè ¿¿ ÌÎ çäàòí³ ñåêðåòóâàòè ðÿä 
ôàêòîð³â, ùî äîïîìàãàþòü ïóõëèííèì êë³òèíàì óíè-
êàòè ³ìóííî¿ â³äïîâ³ä³, äî íèõ â³äíîñÿòü VEGF, Il-10, 
TGF-β, E2, ðîç÷èííèé ôîñôàòèäèëñåðèí, Fas, FasL, 
micA, ÿê³ ÷èíÿòü ³ìóíîñóïðåñîðíó ä³þ òà ñïðèÿþòü 
³íâàç³¿ òà ìåòàñòàçóâàííþ ïóõëèíè [16, 12, 3]. Â ÌÎ 
ïóõëèíè TGF-β, â îñíîâíîìó, ïðîäóêóþòü MDSC [2] òà 
Ò-ðåãóëÿòîðí³ êë³òèíè ç ôåíîòèïîì CD4+CD25+Foxp3+, 
à ñàìå ñóáïîïóëÿö³ÿ Th3 [14, 6]. TGF-β â ÌÎ ïóõëèíè 
³íã³áóº ïðîäóêö³þ ÏÊÊ ²ÔÍγ ³ ïðèãí³÷óº àíòèò³ëî-çà-
ëåæíó êë³òèííó öèòîòîêñè÷í³ñòü ÷åðåç ôîñôîðèëþ-
âàííÿ á³ëêó SMAD3 [15]. 

Ä³ÿ íèçüêèõ äîç õ³ì³îïðåïàðàò³â ìàº ³ñòîòíèé 
âïëèâ íà ÌÎ ïóõëèíè çà ðàõóíîê àíòèàíã³îãåííîãî 
åôåêòó, à íå íà ïðîë³ôåðàòèâíó àêòèâí³ñòü ïóõëèí-
íèõ êë³òèí [18]. Ïîêàçàíî, ùî ï³ä ä³ºþ íèçüêèõ äîç 
õ³ì³îïðåïàðàò³â â³äáóâàºòüñÿ çìåíøåííÿ ïîïóëÿö³¿ 
CD4+CD25+FoxP3+-êë³òèí, ùî ÷èíÿòü ³ìóíîñóïðåñîðíó 
ä³þ, çà ðàõóíîê ÷îãî ìîæå çíà÷íî ïîñèëþâàòèñÿ ïðî-
òèïóõëèííà ä³ÿ âàêöèíè [7]. 

Ìåòîþ ðîáîòè áóëî äîñë³äèòè âïëèâ Õ²Ò íà îñíî-
â³ ÄÊ-âàêöèíè òà äîêñîðóá³öèíó äîçîþ 0,2 ìã/êã íà 
ÌÎ ïóõëèíè òà ³ìóííó ñèñòåìó òâàðèí íà ìîäåë³ ìè-
øèíî¿ ñàðêîìè-37 (Ñ37). 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Â åêñïåðèìåíò³ 
âèêîðèñòàíî 40 ìèøåé ë³í³¿ ÑÂÀ, ñàìö³ âàãîþ 18-22 ã. 
òà â³êîì 1,5-2 ì³ñÿö³, ðîçâåäåííÿ â³âàð³þ Íàö³îíàëü-
íîãî ³íñòèòóòó ðàêó. Âñ³ ïðîöåäóðè ç òâàðèíàìè ïðî-
âîäèëè ç äîòðèìàííÿì ïðèíöèï³â ãóìàííîñò³, âè-
êëàäåíèõ ó äèðåêòèâ³ Ðàäè ªâðîïåéñüêîãî Ñîþçó 
86/609/ÅÑ «Ïðî çáëèæåííÿ çàêîí³â, ïîñòàíîâ òà àä-
ì³í³ñòðàòèâíèõ ïîëîæåíü äåðæàâ ªÑ ç ïèòàíü çàõèñòó 
òâàðèí, ùî âèêîðèñòîâóþòüñÿ äëÿ åêñïåðèìåíò³â òà 
³íøèõ íàóêîâèõ ö³ëåé» â³ä 24 ëèñòîïàäà 1986 ð. 

Â ÿêîñò³ åêñïåðèìåíòàëüíî¿ ïóõëèííî¿ ìîäåë³ âè-
êîðèñòîâóâàëè ë³í³þ ïóõëèííèõ êë³òèí ñàðêîìà-37. 
Êë³òèíè ââîäèëè âíóòð³øíüîì’ÿçåâî â êîíöåíòðàö³¿ 2 õ 
106 êë³òèí íà òâàðèíó. Äîêñîðóá³öèí â äîçàõ 0,2 ìã/ìë 
ââîäèëè òâàðèíàì ³íòðàïåðèòîíåàëüíî. ÄÊ-âàêöèíó 
ââîäèëè âíóòð³øíüîâåííî â îðá³òàëüíèé ñèíóñ îêà â 
êîíöåíòðàö³¿ 0,2õ106 ÄÊ íà òâàðèíó, ïî÷èíàþ÷è ç 15-¿ 
ï³ñëÿ ïåðåùåïëåííÿ ïóõëèíè, òðè ðàçè ç ³íòåðâàëîì 
â 3-4 äîáè. 

Òâàðèíè áóëè ðîçïîä³ëåí³ íà íàñòóïí³ ãðóïè:
 – êîíòðîëüíà ãðóïà (òâàðèíè ç ïåðåùåïëåíîþ 

Ñ-37, n = 10); 
 – ÄÊ (òâàðèíè ç Ñ-37, ùî îòðèìóâàëè ò³ëüêè ÄÊ-

âàêöèíó íà 15, 18 òà 22 äîáó ï³ñëÿ ïåðåùåïëåííÿ ïóõ-
ëèíè, n = 10);

 – DOX (òâàðèíè ç Ñ-37, ùî îòðèìóâàëè äîêñî-
ðóá³öèí (äîçà 0,2 ìã/êã) íà 7,8,9,10 òà 11 äîáó ï³ñëÿ 
ïåðåùåïëåííÿ ïóõëèíè, n = 10);

 – Õ²Ò (òâàðèíè ç Ñ-37, ùî îòðèìóâàëè ÄÊ-
âàêöèíó íà 15, 18 òà 22 äîáó ï³ñëÿ ïåðåùåïëåííÿ ïóõ-
ëèíè òà äîêñîðóá³öèí (äîçà 0,2 ìã/êã) íà 7,8,9,10 òà 11 
äîáó ï³ñëÿ ïåðåùåïëåííÿ ïóõëèíè, n = 10). 

Ïðîòÿãîì åêñïåðèìåíòó ïðîâîäèëè çàì³ðè îá’ºìó 
ïåðâèííî¿ ïóõëèíè â òðüîõ ïðîåêö³ÿõ ç ³íòåðâàëîì 2-3 
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äîáè, ïî÷èíàþ÷è ç 10-¿ äîáè ï³ñëÿ ïåðåùåïëåííÿ ïóõ-
ëèííèõ êë³òèí, òà âèçíà÷àëè ¿¿ îá’ºì çà ôîðìóëîþ:

3216
1 DDDV  , äå

V – îá’ºì ïåðâèííî¿ ïóõëèíè; 
D

1-3
 – ïðîåêö³¿ â ÿêèõ âèì³ðþâàëè ä³àìåòð ïóõëèíè, 

ñì. 
Íà 23 äîáó ï³ñëÿ ïåðåùåïëåííÿ Ñ-37 òâàðèí äåâ³-

òàë³çóâàëè òà ïðîâîäèëè çàá³ð á³îëîã³÷íîãî ìàòåð³àëó 
äëÿ ïîäàëüøèõ ³ìóíîëîã³÷íèõ äîñë³äæåíü. 

Îòðèìàííÿ ÄÊ-âàêöèíè. Â ÿêîñò³ äæåðåëà ÄÊ 
âèêîðèñòîâóâàëè ñïëåíîöèòè ³íòàêòíèõ ñèíãåííèõ 
ìèøåé. ÄÊ îòðèìóâàëè çà ìåòîäèêîþ [9] ç äåÿêèìè 
ìîäèô³êàö³ÿìè. Âñ³ ìàí³ïóëÿö³¿ ç êë³òèíàìè ïðîâîäè-
ëè ç äîòðèìàííÿì ïðàâèë àñåïòèêè. Ñóñïåíç³þ ñïëå-
íîöèò³â â êîíöåíòðàö³¿ 5õ106/ìë ³íêóáóâàëè ïðè 37 0Ñ ³ 
5 % ÑÎ

2
 ïðîòÿãîì äîáè â ïîâíîìó êóëüòóðàëüíîìó ñå-

ðåäîâèù³ RPMI-1640. Êë³òèíè êîíöåíòðóâàëè øëÿõîì 
öåíòðèôóãóâàííÿ ïðîòÿãîì 15 õâ. ïðè 1000 îá/õâ. íà 
ãðàä³ºíò³ ù³ëüíîñò³ 14,5 % ìåòðèçàì³äó. ÄÊ «íàâàíòà-
æóâàëè» ïóõëèííèìè àíòèãåíàìè íàñòóïíèì ÷èíîì: 
êë³òèíè ³íêóáóâàëè â êîíöåíòðàö³¿ 1 õ 106/ìë â ñåðåä-
îâèù³ RPMI-1640 ïîòÿãîì 4 ãîäèí ïðè 37 0Ñ ³ 5 % ÑÎ

2
 

â ïðèñóòíîñò³ ìåõàíîìîäèô³êîâàíèõ ë³îô³ë³çîâàíèõ 
ïóõëèííèõ êë³òèí. Ïîò³ì ÄÊ â³äìèâàëè, äîâîäèëè êîí-
öåíòðàö³þ äî 1 õ 106/ìë, òà âèêîðèñòîâóâàëè â ÿêîñò³ 
ÄÊ-âàêöèíè. 

Âèçíà÷åííÿ ð³âíÿ åêñïðåñ³¿ ìÐÍÊ öèòîê³í³â. ×àñ-
òèíó ñåëåç³íêè àáî ïóõëèíè çàíóðþâàëè ó 0,3 ìë 
ðîç÷èíó RNA-later («Ambion», USA) äëÿ ñòàá³ë³çàö³¿ 
ÐÍÊ. Âèä³ëåííÿ òîòàëüíî¿ ÐÍÊ ïðîâîäèëè ìåòîäîì 
êèñëîòíî-ôåíîëüíî¿ åêñòðàêö³¿ ç âèêîðèñòàííÿì 
ÏËÐ-òåñò íàáîðó «Ðèáîçîëü-À» («AmpliSens», Ðîñ³ÿ), 
îòðèìàíó ÐÍÊ îáðîáëÿëè ÄÍÊàçîþ («Ambion», USA). 
Äëÿ îòðèìàííÿ êÄÍÊ ïðîâîäèëè ðåàêö³þ çâîðîò-
íî¿ òðàíñêðèïö³¿ ç âèêîðèñòàííÿì ÏËÐ-òåñò-íàáîðó 
«Ðåâåðòà-L-100» («AmpliSens», Ðîñ³ÿ). Ð³âåíü åêñ-
ïðåñ³¿ ãåí³â IFNγ, TGF-β, VEGF òà FoxP3 âèçíà÷àëè ç 
äîïîìîãîþ ÏËÐ â ðåæèì³ ðåàëüíîãî ÷àñó íà ïðèëàä³ 
7500 Real-Time PCR Systems («Applied Biosystems», 
USA) ç âèêîðèñòàííÿì ñïåöèô³÷íèõ ïðàéìåð³â òà 
ñóì³ø³ Maxima SYBR Green qPCR Master Mix (Thermo 

Ðèñ. 1. Îá’ºì ïóõëèíè ìèøåé ë³í³¿ ÑÂÀ ç Ñ-37, ùî îòðèìó-
âàëè êîìá³íîâàíó Õ²Ò (* – p < 0. 01 ïîð³âíÿíî ç êîíòðîëüíîþ 

ãðóïîþ). 

Scientific, USA). Ïîñë³äîâíîñò³ ïðàéìåð³â áóëè 
ï³ä³áðàí³ åêñïåðèìåíòàëüíî ç âèêîðèñòàííÿì 
ïðîãðàìè Primer Express Software v3.0 («Ap-
plied Biosystems», USA) òà ñèíòåçîâàí³ ô³ðìîþ 
«Applied Biosystems», (USA). Ð³âåíü åêñïðåñ³¿ 
ãåí³â îö³íþâàëè çà äîïîìîãîþ ìåòîäó Ct ç 
íîðìóâàííÿì â³äíîñíî åêñïðåñ³¿ åíäîãåííîãî 
êîíòðîëþ. Â ÿêîñò³ åíäîãåííîãî êîíòðîëþ âè-
êîðèñòîâóâàëè ð³âåíü åêñïðåñ³¿ house-keeping 
ãåíó ãë³öåðàëüäåã³ä-3-ôîñôàòäåã³äðîãåíàçè 
(GAPDH). 

Ñòàòèñòè÷íó îáðîáêó äàíèõ çä³éñíþâà-
ëè, âèêîðèñòîâóþ÷è t-êðèòåð³é Ñòüþäåíòà 
äëÿ ïàðàìåòðè÷íèõ òà êðèòåð³é Ìàííà-Ó¿òí³ 
äëÿ íåïàðàìåòðè÷íèõ äàíèõ. Äëÿ âèçíà÷åííÿ 
îá’ºìó ïåðâèííî¿ ïóõëèíè çàñòîñîâóâàëè äèñ-
ïåðñ³éíèé àíàë³ç äëÿ ïîâòîðíèõ âèì³ð³â. Âñþ 

ñòàòèñòè÷íó îáðîáêó äàíèõ ïðîâîäèëè â ïðîãðàì³ 
Statistica 10. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. Â 
õîä³ åêñïåðèìåíòó âñòàíîâëåíî, ùî ìàêñèìàëüíèé 
ïðèãí³÷óþ÷èé âïëèâ íà ð³ñò ïóõëèíè áóëî çàðåºñòðî-
âàíî ó òâàðèí, ùî îäåðæóâàëè êîìá³íîâàíó Õ²Ò. Òàê, 
ó òâàðèí, ùî îòðèìóâàëè Õ²Ò çàô³êñîâàíî äîñòîâ³ð-
íå çìåíøåííÿ îá’ºìó ïóõëèíè ïîð³âíÿíî ÿê ç êîíòð-
îëåì (ð < 0,01), òàê ³ ìîíîòåðàï³ºþ ÄÊ (ð < 0,01) òà 
DOX (p < 0,01), ïî÷èíàþ÷è ç 23 äîáè ¿¿ ðîñòó. Ó òâàðèí, 
ùî îäåðæóâàëè òåðàï³þ çà ñõåìàìè ÄÊ, DOX1, íå 
ñïîñòåð³ãàëè ñòàòèñòè÷íî äîñòîâ³ðíîãî çìåíøåííÿ 
îá’ºìó ïåðâèííî¿ ïóõëèíè ïîð³âíÿíî ç êîíòðîëüíîþ 
ãðóïîþ (ðèñ. 1). 

Ïîäàëüø³ äîñë³äæåííÿ ïðèñâÿ÷åí³ ç’ÿñóâàííþ ìå-
õàí³çì³â âïëèâó Õ²Ò íà ÌÎ ïóõëèíè òà ³ìóííó ñèñòåìó 
îðãàí³çìó. Â³äîìî, ùî ïðîòèïóõëèííà àêòèâí³ñòü õ³ì³-
îïðåïàðàò³â ó íèçüêèõ äîçàõ ðåàë³çóºòüñÿ ïåðåâàæíî 
÷åðåç ¿õ âïëèâ íà ÌÎ ïóõëèíè, à íå íà ñàìó ïóõëèíó 
[9]. Òîìó, âðàõîâóþ÷è îäåðæàí³ ðåçóëüòàòè, íàøèì 
íàñòóïíèì çàâäàííÿì áóëî äîñë³äèòè ïëèâ Õ²Ò íà ÌÎ 
ïåðâèííî¿ ïóõëèíè. 

Ó ÌÎ ïóõëèíè ìè âèçíà÷àëè ð³âåíü åêñïðåñ³¿ ìÐÍÊ 
ïðîòèçàïàëüíîãî öèòîê³íó TGF-β òà àíã³îãåííîãî ôàê-
òîðà VEGF, ÿê³ ñïðèÿþòü ðîñòó òà ³íâàç³¿ ïóõëèíè. 

TGF-β º ïðîòèçàïàëüíèì ñóïðåñîðíèì öèòîê³íîì, 
ÿêèé ñïðèÿº åêñïàíñ³¿ Òreg òà ï³äâèùóº â íèõ ïðî-
äóêö³þ òðàíñêðèïö³éíîãî ôàêòîðó FoxP3, ó ðåçóëüòà-
ò³ ÷îãî ï³äâèùóºòüñÿ ¿õ ôóíêö³îíàëüíà àêòèâí³ñòü òà 
ðîçâèâàºòüñÿ ïóõëèííî-àñîö³éîâàíà ³ìóíîñóïðåñ³ÿ. 
Êð³ì òîãî, TGF-β ïðèãí³÷óº ïðîë³ôåðàòèâíó àêòèâí³ñòü 
Ò-ë³ìôîöèò³â òà ÏÊÊ [15]. Ñåêðåòóâàòè TGF-β çäàòí³ 
ïóõëèíí³ êë³òèíè, ô³áðîáëàñòè, ïóõëèííî-àñîö³éîâàí³ 
ìàêðîôàãè, T-ðåã òà MDSC, ÿê³ âõîäÿòü äî ÌÎ ïóõëè-
íè [2, 17]. Íàìè âñòàíîâëåíî äîñòîâ³ðíå çìåíøåííÿ 
ð³âíÿ åêñïðåñ³¿ ìÐÍÊ TGF-β â ïóõëèí³ ó òâàðèí âñ³õ äî-
ñë³äæóâàíèõ ãðóï. Òàê, ð³âåíü åêñïðåñ³¿ ìÐÍÊ TGF-β â 
ãðóï³ òâàðèí, ùî îäåðæóâàëè Õ²Ò, çìåíøóºòüñÿ â 16.7 
ðàçè ïîð³âíÿíî ç êîíòðîëüíîþ ãðóïîþ, ó ãðóï³ òâàðèí, 
ùî îòðèìóâàëè ÄÊ-âàêöèíó – â 55,7 ðàç³â òà ó ãðóï³ 
DOX – â 18.6 ðàç³â (p < 0.01) (ðèñ. 2 À). Ç îòðèìàíèõ 
äàíèõ ìîæíà çðîáèòè âèñíîâîê, ùî çàñòîñóâàííÿ ÄÊ-
âàêöèíè òà äîêñîðóá³öèíó ÿê â ðåæèì³ ìîíîòåðàï³¿, 
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òàê ³ â êîìá³íàö³¿ âèêëèêàº çíà÷íå çìåíøåííÿ ð³âíÿ 
åêñïðåñ³¿ ìÐÍÊ TGF-β êë³òèíàìè ÌÎ ïóõëèíè. 

VEGF, çâ’ÿçóþ÷èñü ç ðåöåïòîðîì VEGFR2, çà-
ïóñêàº íåîïëàñòè÷íèé àíã³îãåíåç â ðåçóëüòàò³ ÷îãî 
çá³ëüøóºòüñÿ ù³ëüí³ñòü ì³êðîñóäèí, ³ ìàë³ãí³çîâàíà 
òêàíèíà îòðèìóº çíà÷íî á³ëüøå ïîæèâíèõ ðå÷îâèí 
[1]. VEGF, ïðèãí³÷óþ÷è àïîïòîç, ñòèìóëþº âèæèâà-
í³ñòü åíäîòåë³àëüíèõ êë³òèí, â³ä³ãðàº âàæëèâó ðîëü â 
ìîá³ë³çàö³¿ ³ ì³ãðàö³¿ ïîïåðåäíèê³â åíäîòåë³îöèò³â ç 
ê³ñòêîâîãî ìîçêó â ä³ëÿíêè àíã³îãåíåçó. VEGF òàêîæ 
çá³ëüøóº ñóäèííó ïðîíèêí³ñòü, ³íã³áóº äèôåðåíö³àö³þ 
ñóäèííèõ êë³òèí, àêòèâóº òêàíèíí³ ôàêòîðè òà ì³ãðà-
ö³þ ìîíîöèò³â [1]. Â ÌÎ ïóõëèíè VEGF çäàòí³ ñåêðåòó-
âàòè ô³áðîáëàñòè, ïóõëèííî-àñîö³éîâàí³ ìàêðîôàãè 
òà âëàñíå ïóõëèíí³ êë³òèíè. Ðåçóëüòàòè äîñë³äæåíü 
ïîêàçàëè, ùî ó ãðóï³ òâàðèí, ÿê³ îòðèìóâàëè Õ²Ò, â³ä-
áóâàºòüñÿ äîñòîâ³ðíå çìåíøåííÿ â 3 ðàçè ð³âíÿ åêñ-
ïðåñ³¿ ìÐÍÊ VEGF ïîð³âíÿíî ç êîíòðîëüíîþ ãðóïîþ 
òâàðèí, ð < 0.01 (ðèñ. 2 Á). Ïðè çàñòîñóâàíí³ ìîíîòå-
ðàï³¿ ÄÊ-âàêöèíîþ ð³âåíü åêñïðåñ³¿ ìÐÍÊ VEGF çìåí-
øóºòüñÿ â 2 ðàçè (p < 0. 01) òà ìîíîòåðàï³¿ äîêñîðóá³-
öèíîì â äîç³ 0.2 ìã/êã – â 3 ðàçè (p < 0.01). 

Â³äïîâ³äíî äî îòðèìàíèõ ðåçóëüòàò³â ìîæíà çðî-
áèòè âèñíîâîê, ùî çàñòîñóâàííÿ ÄÊ-âàêöèíè òà äî-
êñîðóá³öèíó, ÿê îêðåìî òàê ³ â êîìá³íàö³¿, ñïðèÿº 
çíà÷íîìó çíèæåííþ ð³âíÿ åêñïðåñ³¿ ìÐÍÊ VEGF, òèì 

ñàìèì ïðèãí³÷óþ÷è ïðîäóêö³þ VEGF ïóõëèííèìè êë³-
òèíàìè òà ¿¿ ÌÎ. 

T-ðåã â³ä³ãðàþòü êëþ÷îâó ðîëü â ³ìóíí³é ñèñòåì³ 
çàâäÿêè óí³êàëüí³é çäàòíîñò³ êîíòðîëþâàòè ³ìóííó 
â³äïîâ³äü. Ñåðåä íèõ âèä³ëÿþòü ïîïóëÿö³þ Ò-ðåã êë³-
òèí ç ôåíîòèïîì CD4+CD25+Foxp3+, ùî ïðèãí³÷óþòü 
ïðîòèïóõëèííèé ³ìóí³òåò, òèì ñàìèì ñïðèÿþ÷è ïóõ-
ëèíí³é ïðîãðåñ³¿. Çíà÷íå çá³ëüøåííÿ ê³ëüêîñò³ Ò-ðåã 
êë³òèí â îðãàí³çì³ ïóõëèíîíîñ³ÿ ìîæå áóòè ïîâ’ÿçàíî 
ç ïðèãí³÷åííÿì ïóõëèíîñïåöèô³÷íî¿ ïðîòèïóõëèííî¿ 
³ìóííî¿ â³äïîâ³ä³, ùî â ñâîþ ÷åðãó íåãàòèâíî âïëèâàº 
íà åôåêòèâí³ñòü Õ²Ò [19]. Äëÿ Òðåã êë³òèí õàðàêòåðíà 
íàÿâí³ñòü â ÿäð³ ÿäåðíîãî ôàêòîðó FoxP3, òîìó âè-
çíà÷åííÿ ð³âíÿ åêñïðåñ³¿ ìÐÍÊ äàíîãî ôàêòîðó ìîæå 
ñâ³ä÷èòè ïðî ê³ëüê³ñòü äàíèõ êë³òèí â òêàíèí³ òà ¿õ 
ôóíêö³îíàëüíó àêòèâí³ñòü. 

Â äàíîìó åêñïåðèìåíò³ ìè äîñë³äæóâàëè ð³âåíü 
åêñïðåñ³¿ ìÐÍÊ FoxP3 ñïëåíîöèòàìè ìèøåé íà 23 
äåíü ï³ñëÿ òðàíñïëàíòàö³¿ ïóõëèííèõ êë³òèí. Ó ðåçóëü-
òàò³ â³äì³÷åíî äîñòîâ³ðíå çíèæåííÿ ð³âíÿ åêñïðåñ³¿ 
ìÐÍÊ ÿäåðíîãî ôàêòîðó ó òâàðèí âñ³õ ãðóï, ùî îòðè-
ìóâàëè òåðàï³þ. Ó ãðóï³ êîìá³íîâàíî¿ Õ²Ò ñïîñòåð³-
ãàëè ìàêñèìàëüíå çìåíøåííÿ ð³âíÿ åêñïðåñ³¿ ìÐÍÊ, 
ùî ñòàíîâèëî íà 46 % ìåíøå ïîð³âíÿíî ç êîíòðîëü-
íîþ ãðóïîþ, ð < 0.01. Ó ãðóïàõ òâàðèí, ùî îäåðæó-
âàëè ìîíîòåðàï³þ, òàêîæ ñïîñòåð³ãàëè ñòàòèñòè÷íî 

Ðèñ. 3. Ð³âåíü åêñïðåñ³¿ öèòîê³í³â ñïëåíîöèòàìè ìèøåé ë³í³¿ ÑÂÀ íà 23 äåíü ï³ñëÿ ïåðåùåïëåííÿ ïóõëèíè Ñ37: 
À – ð³âåíü åêñïðåñ³¿ ìÐÍÊ FoxP3; Á – ð³âåíü åêñïðåñ³¿ ìÐÍÊ IFNγ (* – p < 0.01 ïîð³âíÿíî ç êîíòðîëüíîþ ãðóïîþ; 

** – ð < 0.05 ïîð³âíÿíî ç ãðóïîþ ÄÊ). 

Ðèñ. 2. Ð³âåíü åêñïðåñ³¿ öèòîê³í³â â ì³êðîîòî÷åíí³ ïóõëèíè Ñ37 ìèøåé ë³í³¿ ÑÂÀ: À – ð³âåíü åêñïðåñ³¿ ìÐÍÊ 
TGF-β; Á – ð³âåíü åêñïðåñ³¿ ìÐÍÊ VEGF (* – p < 0.01 ïîð³âíÿíî ç êîíòðîëüíîþ ãðóïîþ). 
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äîñòîâ³ðíå çíèæåííÿ åêñïðåñ³¿ ìÐÍÊ FoxP3. Ó òâà-
ðèí, ùî îòðèìóâàëè ò³ëüêè ÄÊ-âàêöèíó, ð³âåíü åêñ-
ïðåñ³¿ ìÐÍÊ FoxP3 çìåíøóºòüñÿ íà 32 % (ð < 0.01), à 
â ãðóï³ òâàðèí, ùî îòðèìóâàëè ò³ëüêè äîêñîðóá³öèí, 
– íà 39 % (p < 0. 01) ïîð³âíÿíî ç êîíòðîëüíîþ ãðóïîþ 
òâàðèí (ðèñ. 3 À). 

Òàêèì ÷èíîì, çàñòîñóâàííÿ äîêñîðóá³öèíó â äîç³ 
0.2 ìã/êã ï³äñèëþº ä³þ ÄÊ-âàêöèíè, ñïðèÿþ÷è çíè-
æåííþ íà 21 % ð³âíÿ åêñïðåñ³¿ ìÐÍÊ FoxP3 êë³òèíàìè 
ñåëåç³íêè ïîð³âíÿíî ç ãðóïîþ òâàðèí, ùî îòðèìóâàëè 
ò³ëüêè ÄÊ-âàêöèíó, ð < 0.05. Ìîæíà ïðèïóñòèòè, ùî 
ÄÊ-âàêöèíè òà íèçüê³ äîçè äîêñîðóá³öèíó ïðè ¿õ êîì-
á³íîâàíîìó çàñòîñóâàíí³ ó òâàðèí ç ïóõëèíîþ ìàþòü 
ñèíåðã³÷íó ä³þ ùîäî çìåíøåííÿ ê³ëüêîñò³ òà àêòèâ-
íîñò³ Òðåã êë³òèí ç ñóïðåñîðíîþ àêòèâí³ñòþ. 

²ÔÍγ â³ä³ãðàº êëþ÷îâó ðîëü â ïðîòèïóõëèííîìó 
³ìóí³òåò³, ï³äâèùóþ÷è àêòèâí³ñòü ÏÊÊ, ðåãóëþº ïðî-
ë³ôåðàö³þ Ò-êë³òèí, ìîäóëþº àêòèâí³ñòü ÀÏÊ, âîëî-
ä³º àíòèïðîë³ôåðàòèâíèì ³ ïðîàïîïòè÷íèì åôåêòîì, 
âïëèâàþ÷è íà ïóõëèíè ÷åðåç JAK1 àáî JAK2/STAT1 
ñèãíàëüí³ øëÿõè [8, 13]. Ìàêñèìàëüíå ï³äâèùåí-
íÿ â 2 ðàçè ð³âíÿ åêñïðåñ³¿ ìÐÍÊ IFNγ ñïîñòåð³ãàëè 
ó òâàðèí, ùî îòðèìóâàëè ÄÊ-âàêöèíó â êîìá³íàö³¿ ç 
äîêñîðóá³öèíîì ïîð³âíÿíî ç êîíòðîëüíîþ ãðóïîþ, 
p < 0.01. Çàñòîñóâàííÿ ò³ëüêè ÄÊ-âàêöèíè ñïðèÿº ï³ä-
âèùåííþ ð³âíÿ åêñïðåñ³¿ ìÐÍÊ IFNγ íà 76 % ïîð³âíÿíî 
ç êîíòðîëüíîþ ãðóïîþ òâàðèí, p < 0.01. Òàêîæ â³äì³-
÷åíî çá³ëüøåííÿ íà 73 % ð³âíÿ åêñïðåñ³¿ ìÐÍÊ IFNγ 
ñïëåíîöèòàìè òâàðèí, ùî îòðèìóâàëè äîêñîðóá³öèí 
â äîç³ 0.2 ìã/êã, ïîð³âíÿíî ç êîíòðîëüíîþ ãðóïîþ, 
p < 0.01 (ðèñ. 3. Á). Ç îòðèìàíèõ äàíèõ ìîæíà çðîáè-
òè âèñíîâîê, ùî âèêîðèñòàííÿ ÄÊ-âàêöèíè òà äîêñî-
ðóá³öèíó ÿê â ìîíîòåðàï³¿, òàê ³ â êîìá³íàö³¿, ñïðèÿº 
çíà÷íîìó ï³äâèùåííþ ð³âíÿ åêñïðåñ³¿ ìÐÍÊ IFNγ ïî-
ð³âíÿíî ç ãðóïîþ òâàðèí, ùî íå îòðèìóâàëè òåðàï³þ. 
Ïðîòå ïðè çàñòîñóâàíí³ êîìá³íîâàíî¿ Õ²Ò â³äì³÷åíî 
á³ëüø âàãîìèé âïëèâ íà åêñïðåñ³þ ìÐÍÊ IFNγ, í³æ ïðè 
âèêîðèñòàíí³ ìîíîòåðàï³¿. 

Çàñòîñóâàííÿ Õ²Ò, ìîíîòåðàï³¿ ÄÊ-âàêöèíîþ àáî 
äîêñîðóá³öèíîì ñïðèÿº çíà÷íîìó çìåíøåííþ ïðî-
äóêö³¿ àíã³îãåííîãî ôàêòîðó VEGF êë³òèíàìè ïåð-
âèííî¿ ïóõëèíè òà êë³òèíàìè ÌÎ ïóõëèíè, çàâäÿêè 
÷îìó íå â³äáóâàºòüñÿ íåîàíã³îãåíåç ³ ïðèïèíÿºòüñÿ 
ð³ñò ïóõëèíè. Êîìá³íîâàíà Õ²Ò òà ìîíîòåðàï³ÿ òàêîæ 

ïîçèòèâíî âïëèâàº íà ÌÎ ïóõëèíè, âëàñíå çìåíøó-
þ÷è åêñïðåñ³þ ïðîòèçàïàëüíîãî öèòîê³íó TGF-β, ùî 
ñâ³ä÷èòü ïðî çìåíøåííÿ ëîêàëüíî¿ ³ìóíîñóïðåñ³¿. 

Ó ìèøåé ÿäåðíèé ôàêòîð FoxP3 â îñíîâíîìó 
åêñïðåñóºòüñÿ ò³ëüêè Ò-ðåã êë³òèíàìè ç ôåíîòèïîì 
CD4+TCRαβ+, ùî âîëîä³þòü ñóïðåñîðíîþ àêòèâí³ñòþ 
[4, 5]. Íà ôîí³ çìåíøåííÿ ³ìóíîñóïðåñ³¿ â ÌÎ ïóõëè-
íè, êîìá³íîâàíà òåðàï³ÿ ñïðèÿº çíà÷íîìó çìåíøåí-
íþ Ò-ðåã êë³òèí â ñåëåç³íö³, òèì ñàìèì ïîñëàáëþþ÷è 
ñèñòåìíó ³ìóíîñóïðåñ³þ. Êð³ì òîãî, òâàðèí âñ³õ ãðóï, 
äå âèêîðèñòîâóâàëè òåðàï³þ, â³äì³÷åíî çíà÷íå ï³äâè-
ùåííÿ åêñïðåñ³¿ ìÐÍÊ IFNγ. Òîìó ìîæíà ïðèïóñòèòè, 
ùî â³äáóâàºòüñÿ ïîñèëåííÿ ïðîòèïóõëèííî¿ àêòèâ-
íîñò³ ³ìóííî¿ ñèñòåìè. 

Âèõîäÿ÷è ç îòðèìàíèõ äàíèõ, ìîæíà çðîáèòè âè-
ñíîâîê, ùî äîäàòêîâå çàñòîñóâàííÿ äîêñîðóá³öèíó â 
äîç³ 0.2 ìã/êã ïåðåä çàñòîñóâàííÿì ÄÊ-âàêöèíè ïîñè-
ëþº ïðèãí³÷óþ÷èé ¿¿ âïëèâ íà ð³ñò ïåðâèííî¿ ïóõëèíè, 
ñòâîðþº àíòèàíã³îãåííèé åôåêò â çîí³ ðîñòó ïóõëèíè, 
çìåíøóº ³ìóíîñóïðåñ³þ â ÌÎ ïóõëèíè òà ïîñèëþº 
ñèñòåìíó ³ìóííó â³äïîâ³äü, çìåíøóþ÷è ê³ëüê³ñòü òà 
àêòèâí³ñòü Ò-ðåã êë³òèí òà ïîñèëþþ÷è ïðîäóêö³þ IFNγ. 

Âèñíîâêè. 
1. Õ³ì³î³ìóíîòåðàï³ÿ íà îñíîâ³ ÄÊ-âàêöèíè òà 

íèçüêèõ äîç äîêñîðóá³öèíó ìàº ñóòòºâèé ïðîòèïóõ-
ëèííèé åôåêò ïðè ¿¿ çàñòîñóâàíí³ ó òâàðèí ç ïåðåùå-
ïëåíîþ ïóõëèíîþ. 

2. Çàñòîñóâàííÿ ÄÊ-âàêöèíè òà äîêñîðóá³öèíó 
â äîç³ 0.2 ìã/êã â ìîíîòåðàï³¿ òà êîìá³íîâàíî ÷èíèòü 
àíòèàíã³îãåííèé åôåêò íà ïåðâèííó ïóõëèíó øëÿõîì 
çìåíøåííÿ ð³âíÿ åêñïðåñ³¿ ãåíó VEGF, ïîñëàáëþº 
ëîêàëüíó ³ìóíîñóïåðñ³þ, çíèæóþ÷è åêñïðåñ³þ ìÐÍÊ 
TGF-β â ì³êðîîòî÷åíí³ ïóõëèíè. 

3. Õ³ì³î³ìóíîòåðàï³ÿ ñïðèÿº çíèæåííþ ñèñòåìíî¿ 
³ìóíîñóïðåñ³¿, çíèæóþ÷è ð³âåíü åêñïðåñ³¿ ãåíó FoxP3 
òà ñóòòºâî ïîñèëþº IFNγ-ïðîäóêóþ÷ó çäàòí³ñòü êë³òèí 
ñåëåç³íêè. 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Îäåð æàí³ 
ðåçóëüòàòè îá´ðóíòîâóþòü äîö³ëüí³ñòü êîìá³ íóâàííÿ 
ÄÊ-âàêöèíè ç íèçüêèìè äîçàìè äîêñîðóá³öèíó. 
Ïîäàëüøå äîñë³äæåííÿ ïðîòèïóõëèííîãî åôåê-
òó ÄÊ-âàêöèíè òà íèçüêèõ äîç äîêñîðóá³öèíó ïðè-
çâåäå äî ñòâîðåííÿ åôåêòèâíèõ ñõåì êîìá³íîâàíî¿ 
ïðîòèïóõëèííî¿ òåðàï³¿, ùî äîçâîëèòü â íàñòóïíîìó 
ïðîâåääåíÿ êë³í³÷íèõ äîñë³äæåíü äàíî¿ òåðàï³¿. 
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Ðåçþìå. Ìåòîþ ðîáîòè áóëî äîñë³äèòè âïëèâ Õ²Ò íà îñíîâ³ ÄÊ-âàêöèíè òà äîêñîðóá³öèíó äîçîþ 0,2 ìã/

êã íà ì³êðîîòî÷åííÿ ïóõëèíè òà ³ìóííó ñèñòåìó òâàðèí íà ìîäåë³ ìèøà÷î¿ ñàðêîìè-37. Õ³ì³î³ìóíîòåðàï³ÿ íà 
îñíîâ³ ÄÊ-âàêöèíè òà íèçüêèõ äîç äîêñîðóá³öèíó ìàº ñóòòºâèé ïðîòèïóõëèííèé åôåêò ïðè ¿¿ çàñòîñóâàíí³ ó 
òâàðèí ç ïåðåùåïëåíîþ ïóõëèíîþ. Çàñòîñóâàííÿ ÄÊ-âàêöèíè òà äîêñîðóá³öèíó â äîç³ 0.2 ìã/êã â ìîíîòåðàï³¿ 
òà êîìá³íîâàíî ÷èíèòü àíòèàíã³îãåííèé åôåêò íà ïåðâèííó ïóõëèíó øëÿõîì çìåíøåííÿ ð³âíÿ åêñïðåñ³¿ ãåíó 
VEGF, ïîñëàáëþº ëîêàëüíó ³ìóíîñóïåðñ³þ, çíèæóþ÷è åêñïðåñ³þ ìÐÍÊ TGF-β â ì³êðîîòî÷åíí³ ïóõëèíè. Õ³ì³î³ìó-
íîòåðàï³ÿ ñïðèÿº çíèæåííþ ñèñòåìíî¿ ³ìóíîñóïðåñ³¿, çíèæóþ÷è ð³âåíü åêñïðåñ³¿ ãåíó FoxP3 òà ñóòòºâî ïîñè-
ëþº IFN-γ-ïðîäóêóþ÷ó çäàòí³ñòü êë³òèí ñåëåç³íêè. Îäåðæàí³ ðåçóëüòàòè âêàçóþòü íà äîö³ëüí³ñòü êîìá³íóâàííÿ 
õ³ì³î- òà ³ìóíîòåðàïåâòè÷íèõ ìåòîä³â ïðè ðîçðîáö³ á³ëüø åôåêòèâíèõ ï³äõîä³â äëÿ ïðîô³ëàêòèêè ðåöèäèâ³â òà 
ìåòàñòàç³â ó õâîðèõ íà çëîÿê³ñí³ íîâîóòâîðåííÿ ï³ñëÿ îñíîâíîãî ë³êóâàííÿ. 
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Ãîðáà÷ À. È., Õðàíîâñüêà Í. Í., Ñêà÷êîâà Î. Â., Ñèäîð Ð. È., Ïîçóð Â. Ê. 
Ðåçþìå. Öåëüþ ðàáîòû áûëî èññëåäîâàòü âëèÿíèå õèìèîèììóíîòåðàïèè íà îñíîâå ÄÊ-âàêöèíû è äîêñî-

ðóáèöèíà äîçîé 0,2 ìã / êã íà ìèêðîîêðóæåíèå îïóõîëè è èììóííóþ ñèñòåìó æèâîòíûõ íà ìîäåëè ìûøèíîé 
ñàðêîìû-37. Õèìèîèììóíîòåðàïèÿ íà îñíîâå ÄÊ-âàêöèíû è íèçêèõ äîç äîêñîðóáèöèíà èìååò ñóùåñòâåííûé 
ïðîòèâîîïóõîëåâûé ýôôåêò ïðè åå ïðèìåíåíèè ó æèâîòíûõ ñ ïåðåâèâàåìîþ îïóõîëüþ. Ïðèìåíåíèå ÄÊ-
âàêöèíû è äîêñîðóáèöèíà äîçîé 0.2 ìã/êã â ìîíîòåðàïèè è ñîâìåñòíî îêàçûâàåò àíòèàíãèîãåííûé ýôôåêò íà 
ïåðâè÷íóþ îïóõîëü ïóòåì óìåíüøåíèÿ óðîâíÿ ýêñïðåññèè ãåíà VEGF, îñëàáëÿåò ëîêàëüíóþ èììóíîñóïåðñèþ, 
ñíèæàÿ ýêñïðåññèþ ìÐÍÊ TGF-β â ìèêðîîêðóæåíèè îïóõîëè. Õèìèîèììóíîòåðàïèÿ ñïîñîáñòâóåò ñíèæåíèþ 
ñèñòåìíîé èììóíîñóïðåññèè, ñíèæàÿ óðîâåíü ýêñïðåññèè ãåíà FoxP3 è ñóùåñòâåííî óñèëèâàåò ïðîäóêöèþ 
IFN-γ êëåòêàìè ñåëåçåíêè. Ïîëó÷åííûå ðåçóëüòàòû óêàçûâàþò íà öåëåñîîáðàçíîñòü êîìáèíèðîâàíèÿ õèìèî- è 
èììóíîòåðàïåâòè÷åñêèõ ìåòîäîâ ïðè ðàçðàáîòêå áîëåå ýôôåêòèâíûõ ïîäõîäîâ ïðè ïðîôèëàêòèêè ðåöèäèâîâ 
è ìåòàñòàçîâ ó áîëüíûõ çëîêà÷åñòâåííûìè íîâîîáðàçîâàíèÿìè ïîñëå îñíîâíîãî ëå÷åíèÿ. 
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UDC 616-006-085:615. 37
Combination of Vaccine Based on Dendritic Cells and Low-Dose Doxorubicin as an Effective Method to 

Reduce Tumor Immunosuppression 
Gorbach O. I., Khranovska N. M., Skachkova O. V., Sydor R. I., Pozur V. K. 
Abstract. Immunodeficiency caused by T lymphocytes, natural killer cells and mononuclear phagocytes system 

decreased activities, antigen presentation mechanisms defection, increased number of T suppressor cells with 
CD4+ CD25+ Foxp3+ phenotype is observed in patients with later tumor progression stages. The tumor cells and 
their microenvironment are able to secrete factors that help tumor avoid immune response and promote invasion and 
metastasis. Low-dose chemotherapy has a significant effect on the tumor microenvironment by reducing angiogenesis 
and CD4+CD25+FoxP3+-cells number. The aim of the study was to investigate the impact of chemoimmunotherapy 
based on DC vaccine and 0. 2 mg/kg dose doxorubicin on tumor microenvironment and immune system of animals in 
the murine sarcoma-37 model. 

We have used sarcoma-37 cell line as an experimental tumor model. The tumor cells were injected intramuscularly 
in amount of 2x106 cells per CBA mice. Doxorubicin at 0.2 mg/ml doses was injected intraperitoneally. DC vaccine 
was injected intravenously into the eye orbital sinus in concentration of 0,2x106 DC per animal after 15th day of tumor 
transplantation, three times with 3-4 days interval. 

Chemoimmunotherapy had significant antitumor effect in animals with transplanted tumor. Significant reduction in 
primary tumor volume was observed in chemoimmunotherapy treated animals group compared with control (p < 0.01), 
DC vaccine group (p < 0.01) and DOX group (p < 0.01). Also, 3 times VEGF mRNA expression level decrease was found 
compared to the control group, p < 0.01. Its level in splenocytes in DC vaccine group has reduced in 2 times (p < 0.01) 
and in doxorubicin group – in 3 times (p < 0.01). The TGF-β mRNA expression level in chemoimmunotherapy group 
decreased in 16. 7 times, in DC group – in 55.7 times and in DOX group – in 18.6 times compared to the control group, 
p < 0.01. 

Maximal reduction of FoxP3 mRNA expression level on 46 % (p < 0.01) compared with the control group was 
observed in splenocytes of combined therapy based on DC-vaccine and 0.2 mg/kg doxorubicin group. We have 
shown that its level in DC vaccine group decreased on 32 % (p < 0.01) and in the doxorubicin group – on 39 % (p < 0.01) 
compared with the control group. Administration of 0.2 mg/kg doxorubicin enhanced DC vaccine effect, decreasing 
the FoxP3 mRNA expression level on 21 % in splenocytes compared to the DC vaccine group, p < 0.05. 

We have found that in chemoimmunotherapy group IFN-γ mRNA expression level in splenocytes increased in 2 
times compared with the control group, p < 0.01. DC vaccine administration increased IFN-γ mRNA expression level 
on 76 % compared with the control group, p < 0.01. Its level increased on 73 % in 0.2 mg/kg doxorubicin group in 
splenocytes compared to the control group, p < 0.01. 

Application of DC vaccine and doxorubicin at 0.2 mg/kg dose as monotherapy and/or combined therapy had an 
antiangiogenic effect on primary tumor by VEGF gene expression reduction. It also reduced TGF-β mRNA expression 
in tumor microenvironment resulting in local immunosuppression diminishment. Chemoimmunotherapy helped to 
reduce systemic immunosuppression via FoxP3 expression decrease and IFN-γ-producing ability of spleen cells 
increase. Obtained results show the importance of chemo- and immunotherapeutic methods combining for the 
development of high effective approaches of recurrence and metastasis prevention after primary treatment for cancer 
patients. 

Keywords: DC vaccine, doxorubicin, chemoimmunotherapeutic regimen, combined therapy, sarcoma-37. 
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