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Ïðîâåäåíî ìîðôîëîã³÷íå äîñë³äæåííÿ, ñïðÿìîâàíå íà 
âèçíà÷åííÿ ðîë³ ô³áðèëÿðíî¿ îðãàí³çàö³¿ êîëàãåíâì³ñíî¿ 
ñïîëó÷íî¿ òêàíèíè ðàêó ïåðåäì³õóðîâî¿ çàëîçè ó ïóõ-
ëèíí³é ïðîãðåñ³¿, çîêðåìà ìåòàñòàçóâàíí³ ó ê³ñòêîâó 
òêàíèíó. Âèêîðèñòàíî ã³ñòîëîã³÷íèé ìàòåð³àë 55 ïà-
ö³ºíò³â ³ç ñòóïåíåì çëîÿê³ñíîñò³ ðàêó ïåðåäì³õóðîâî¿ 
çàëîçè 6–9 áàë³â çà øêàëîþ Ãë³ñîíà áåç ïóõëèííî¿ ïðî-
ãðåñ³¿ òà ìåòàñòàçàìè ó ê³ñòêè. Îñîáëèâîñò³ àðõ³-
òåêòîí³êè êîëàãåíâì³ñíî¿ ñïîëó÷íî¿ òêàíèíè íîâîóò-
âîðåíü âèçíà÷àëè ïðè çàñòîñóâàíí³ ìåòîäó Âàí-Ã³çîíà. 
Âñòàíîâëåíî, ùî íàñë³äêîì ðåìîäåëþâàííÿ êîëàãåíâ-
ì³ñíî¿ ñïîëó÷íî¿ òêàíèíè íàâêîëî åï³òåë³àëüíèõ ïóõ-
ëèííèõ ñòðóêòóð ç àãðåñèâíèì ðàêîì ïåðåäì³õóðîâî¿ 
çàëîçè (8–9 áàë³â çà Ãë³ñîíîì) º çá³ëüøåííÿ â³äñîòêó 
ðîçòÿãíóòèõ òà âèð³âíÿíèõ êîëàãåíîâèõ ô³áðèë ïîð³â-
íÿíî ç âèãíóòèìè; äëÿ ïðèëåãëî¿ òà îòî÷óþ÷î¿ ñòðîìè 
õàðàêòåðíå çá³ëüøåííÿ çàãàëüíî¿ ïëîù³ êîëàãåíâì³ñíèõ 
âîëîêîí, âèðàæåí³ îçíàêè äåñìîïëàç³¿, êîìïàêòèçàö³ÿ 
¿õ ðîçòàøóâàííÿ, çðîñòàííÿ øèðèíè, âèð³âíþâàííÿ, 
ïîäîâæåííÿ. Îòðèìàí³ äàí³ ñâ³ä÷àòü ïðî òå, ùî ðåìî-
äåëþâàííÿ êîëàãåíâì³ñíîãî ñïîëó÷íîòêàíèííîãî êîì-
ïîíåíòó ðàêó ïåðåäì³õóðîâî¿ çàëîçè îáóìîâëþº áåç-
ïåðåøêîäíó ì³ãðàö³þ òà ³íâàç³þ ïóõëèííèõ êë³òèí, 
çîêðåìà òèõ, ÿê³ åêñïðåñóþòü á³ëêè ðåìîäåëþâàííÿ 
ê³ñòêîâî¿ òêàíèíè. 

Êëþ÷îâ³ ñëîâà: ðàê ïåðåäì³õóðîâî¿ çàëîçè, ì³ãðàö³ÿ, ³í-
âàç³ÿ ïóõëèííèõ êë³òèí, àðõ³òåêòîí³êà êîëàãåíâì³ñíî¿ 
ñïîëó÷íî¿ òêàíèíè, ñòðîìà ïóõëèíè, ìåòàñòàòè÷íà 
ïðîãðåñ³ÿ. 

Âñòóï. Îñòàíí³ì ÷àñîì áàãàòüìà äîñë³äíèêà-
ìè âèçíàíî âàæëèâ³ñòü á³îëîã³÷íèõ ôóíêö³é 
ì³êðîîòî÷åííÿ ïóõëèíè, äå íå ëèøå êë³òèíí³ 
êîìïîíåíòè º äæåðåëîì ö³ííî¿ ³íôîðìàö³¿, àëå 
é àðõ³òåêòîí³êà ñòðîìè, ïåðø çà âñå êîëàãåíî-
âèõ âîëîêîí (Zundera et al, 2020). Âæå íàêî-
ïè÷åíî äîêàçè, ÿê³ ï³äêðåñëþþòü ðîëü êîëà-

ãåí³â ó ³í³ö³àö³¿ ïóõëèííîãî ðîñòó, à òàêîæ òå, 
ùî íàäì³ðíà ¿õ åêñïðåñ³ÿ ñïðèÿº ïðîë³ôåðàö³¿ 
ïóõëèííèõ êë³òèí, àäãåç³¿, ³íâàç³¿, àíã³îãåíåçó 
òà ìåòàñòàòè÷í³é ïðîãðåñ³¿ (Zhang et al, 2022). 
Êð³ì òîãî, ïîêàçàíî, ùî ³ç çðîñòàííÿì ïóõëèíè 
ç’ÿâëÿºòüñÿ òåíäåíö³ÿ äî çì³íè ñòðóêòóðíî¿ îð-
ãàí³çàö³¿ ñïîëó÷íîòêàíèííèõ êîëàãåíîâèõ âî-
ëîêîí, ³ öå ìîæå áóòè âèêîðèñòàíî ÿê ðåëå-
âàíòíèé ìàðêåð ó ä³àãíîñòèö³ òà ïðîãíîç³ ïå-
ðåá³ãó ïóõëèííîãî ïðîöåñó (Necula et al, 2022; 
Guillaumin et al, 2022; Xi et al, 2021; Angel and 
Zambrzycki, 2022).

Ïîðÿä ³ç çàçíà÷åíèì ââàæàþòü, ùî àñîö³-
éîâàíèé ç ïóõëèíîþ êîëàãåí ìîæå âèêîíóâàòè 
âàæëèâ³ ³ìóíîìîäóëþþ÷³ ôóíêö³¿ â ì³êðîîòî-
÷åíí³ ïóõëèíè, à òàêîæ òå, ùî âèñîêà ù³ëüí³ñòü 
êîëàãåíó ó ïóõëèíàõ ÷àñòî êîðåëþº ç ïîãàíèì 
ïðîãíîçîì (Rømer et al, 2021).

Âñå á³ëüøå äîñë³äíèê³â ï³äòâåðäæóþòü äóì-
êó ïðî òå, ùî êîëàãåí ïåðåòâîðèâñÿ ç çàõèñ-
íîãî áàð’ºðó ùîäî ðîçâèòêó íîâîóòâîðåííÿ íà 
ôàêòîð, ÿêèé ñïðèÿº ãåíåðàë³çàö³¿ ïóõëèííî-
ãî ïðîöåñó, à òàêîæ, ùî êîëàãåíîâ³ ñòðóêòóðè 
âïëèâàþòü íà ðåìîäåëþâàííÿ ñïîëó÷íî¿ òêà-
íèíè ðàçîì ³ç ïðîãðåñóâàííÿì ðàêó (Fang et al, 
2014; Song et al, 2022). 

Çà äàíèìè ë³òåðàòóðè, êîëàãåíè, ÿê³ º îñ-
íîâíèì êîìïîíåíòîì ðåàêòèâíî¿ ñòðîìè, ñèñ-
òåìàòè÷íî çì³íþþòüñÿ, ó òîìó ÷èñë³ ê³ëüê³ñíî, 
³ çäàòí³ â³äîáðàæàòè ïåðåá³ã ðàêó ïåðåäì³õóðî-
âî¿ çàëîçè. Ó òîé æå ÷àñ ö³ çì³íè íå çàâæäè 
ìîæíà ðîçï³çíàòè ÷åðåç â³äñóòí³ñòü àäåêâàòíèõ 
ìåòîä³â ïðîòåîì³êè ùîäî âèçíà÷åííÿ ñòðóêòó-
ðè êîëàãåíó (Angel et al, 2020). Äëÿ õàðàêòå-
ðèñòèêè êîëàãåíîâèõ âîëîêîí, îñîáëèâî ïðè 
çàñòîñóâàíí³ ñó÷àñíèõ ìåòîä³â âèì³ðþâàííÿ ¿õ 
ìîðôîìåòðè÷íèõ òà îïòè÷íèõ ïàðàìåòð³â, âè-
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Ë.À. Íàëºñê³íà, Í.Þ. Ëóê’ÿíîâà, Ò.Â. Çàäâîðíèé òà ³í.

êîðèñòîâóþòü òàê³ êðèòåð³¿ ÿê äîâæèíà, øèðè-
íà, îð³ºíòàö³ÿ, ù³ëüí³ñòü, ïðÿìîë³í³éí³ñòü òà 
âèð³âíþâàííÿ (Bodelon åt al, 2021). 

Â îñòàíí³ ðîêè ïîøèðþºòüñÿ ìåòîäè÷íèé 
ï³äõ³ä ùîäî âèçíà÷åííÿ ïðîãíîçó ðàêó ð³çíî-
ãî ãåíåçó çà àðõ³òåêòîí³êîþ êîëàãåíîâèõ ô³-
áðèë, ùî îòî÷óþòü ïàðåíõ³ìàòîçí³ åï³òåë³àëüí³ 
ñòðóêòóðè ïóõëèí, çàñíîâàíèé íà 3-õ â³çóàëü-
íèõ îçíàêàõ (TACS1-3): âèãíóò³ñòü, ðîçòÿãíåí-
íÿ, âèð³âíþâàííÿ (Provenzano et al, 2006). Íå-
ùîäàâíî ê³ëüê³ñòü òàêèõ êðèòåð³¿â ïðè çàñòîñó-
âàíí³ ñïåö³àëüíèõ ìåòîä³â äîñë³äæåííÿ çðîñëà 
äî 8 (TACS1-8) (Xi et al, 2021).

Âèõîäÿ÷è ³ç çàçíà÷åíîãî, ìåòà ïðîâåäåíîãî 
ìîðôîëîã³÷íîãî äîñë³äæåííÿ ïîëÿãàëà ó âèçíà-
÷åíí³ ðîë³ ô³áðèëÿðíî¿ îðãàí³çàö³¿ êîëàãåíâ-
ì³ñíî¿ ñïîëó÷íî¿ òêàíèíè ðàêó ïåðåäì³õóðîâî¿ 
çàëîçè ó ïóõëèíí³é ïðîãðåñ³¿, çîêðåìà ìåòàñòà-
çóâàíí³ ó ê³ñòêîâó òêàíèíó.

Ìàòåð³àëè ³ ìåòîäè. Ðîáîòà áàçóºòüñÿ íà 
àíàë³ç³ 55 ã³ñòîëîã³÷íèõ çðàçê³â ðàêó ïåðåäì³-
õóðîâî¿ çàëîçè, ÿê³ áóëè îòðèìàí³ ó ïàö³ºíò³â 
áåç ìåòàñòàòè÷íî¿ ïðîãðåñ³¿ òà ç ìåòàñòàçàìè 
ó ê³ñòêè. Ñòóï³íü çëîÿê³ñíîñò³ ïóõëèí ñòàíî-
âèâ 6–9 áàë³â çà øêàëîþ Ãë³ñîíà. Îñîáëèâîñò³ 
àðõ³òåêòîí³êè êîëàãåíâì³ñíî¿ ñïîëó÷íî¿ òêà-
íèíè íîâîóòâîðåíü âèçíà÷àëè íà ïðåïàðàòàõ 
òîâùèíîþ 5 ìêì, âèãîòîâëåíèõ ï³ñëÿ çàñòî-
ñóâàííÿ àëãîðèòìó çàãàëüíîâ³äîìî¿ êëàñè÷íî¿ 
òåõí³êè îáðîáêè ã³ñòîëîã³÷íîãî ìàòåð³àëó, ÿê³ 
çàôàðáîâóâàëè çà Âàí-Ã³çîíîì ç âèêîðèñòàí-
íÿì ôàðáíèê³â «Van Gieseon Trichrome ACC. 
Weigert» (DiaPath, Italy), çã³äíî ðåêîìåíäàö³é 
âèðîáíèêà. 

Îö³íêà ñòðóêòóðíî¿ îðãàí³çàö³¿ êîëàãåíâì³ñ-
íî¿ ñïîëó÷íî¿ òêàíèíè çä³éñíþâàëàñü ó 6 ãðó-
ïàõ ïóõëèí, ñôîðìîâàíèõ íà ï³äñòàâ³ äàíèõ 
ñïîñòåðåæåííÿ ïåðåá³ãó ðàêó ïåðåäì³õóðîâî¿ çà-
ëîçè (3–5 ðîê³â) òà ñòóïåíÿ çëîÿê³ñíîñò³ íîâî-
óòâîðåíü çà Ãë³ñîíîì:
1 ãðóïà – áåç ìåòàñòàç³â ó ê³ñòêè (Ãë³ñîí 8–9);
2 ãðóïà – ìåòàñòàçè ó ê³ñòêè (Ãë³ñîí 8–9); 
3 ãðóïà – áåç ìåòàñòàç³â ó ê³ñòêè (Ãë³ñîí 7); 
4 ãðóïà – ìåòàñòàçè ó ê³ñòêè (Ãë³ñîí 7);
5 ãðóïà – áåç ìåòàñòàç³â ó ê³ñòêè (Ãë³ñîí 6); 
6 ãðóïà – ìåòàñòàçè ó ðåã³îíàðí³ ë³ìôàòè÷í³ 
âóçëè. 

Çà ìîðôîëîã³÷íîþ êàðòèíîþ çðàçêè ðàêó 
ïåðåäì³õóðîâî¿ çàëîçè ó ñâî¿é á³ëüøîñò³ ì³ñòè-
ëè îçíàêè àöèíàðíî¿ àäåíîêàðöèíîìè, à òàêîæ 

ïðîòîêîâîãî ðàêó ç ê³ñòîçíî-ïàï³ëÿðíèìè òà 
ñîë³äíèìè ñòóêòóðàìè.

Êð³ì òîãî, ïðîâåäåíî ç³ñòàâëåííÿ îñîáëèâîñ-
òåé îðãàí³çàö³¿ êîëàãåíâì³ñíî¿ ñïîëó÷íî¿ òêà-
íèíè ó çðàçêàõ ðàêó ïåðåäì³õóðîâî¿ çàëîçè òà 
äîáðîÿê³ñíèõ íîâîóòâîðåíü.

Ïðè àíàë³ç³ àðõ³òåêòîí³êè êîëàãåíâì³ñíî¿ 
ñïîëó÷íî¿ òêàíèíè ðàêó ïåðåäì³õóðîâî¿ çàëîçè 
çîñåðåäæóâàëèñü íà õàðàêòåðèñòèö³ êîëàãåíâ-
ì³ñíèõ ô³áðèë, ùî îòî÷óþòü ïàðåíõ³ìàòîçí³ 
åï³òåë³àëüí³ ñòðóêòóðè ïóõëèí (âèãíóò³, ðîçòÿã-
íóò³, âèð³âíÿí³), à òàêîæ íà îñîáëèâîñòÿõ àð-
õ³òåêòîí³êè ñïîëó÷íî¿ òêàíèíè, ùî ñòàíîâèòü 
îñíîâíèé ñòðîìàëüíèé îñòîâ íîâîóòâîðåííÿ. 
Ìåòîäèêà ï³äðàõóíêó ê³ëüêîñò³ îòî÷óþ÷èõ ïà-
ðåíõ³ìàòîçí³ ñòðóêòóðè êîëàãåíâì³ñíèõ ñïî-
ëó÷íîòêàíèííèõ ô³áðèë ó ïóõëèíàõ ïîëÿãàëà ó 
âèçíà÷åíí³ çàãàëüíî¿ ê³ëüêîñò³ çàëîçåâèõ ñòðóê-
òóð ç ð³çíîþ àðõ³òåêòîí³êîþ îòî÷óþ÷èõ ¿õ ô³-
áðèë ó 100 ïîëÿõ çîðó ì³êðîñêîïó MPI-1 (Ïîëü-
ùà) ïðè çá³ëüøåíí³ ×200 ç ïîäàëüøèì ðîç-
ðàõóíêîì â³äñîòêó ïåâíî¿ çà àðõ³òåêòîí³êîþ 
âîëîêíèñòî¿ ñòðóêòóðè äî çàãàëüíî¿ ê³ëüêîñò³ 
ï³äðàõîâàíèõ. Äëÿ çðó÷íîñò³ ñïðèéíÿòòÿ îòðè-
ìàí³ ðåçóëüòàòè îêðóãëþâàëè. Ñòàòèñòè÷íó îá-
ðîáêó öèôðîâèõ äàíèõ ïðîâåäåíî ³ç âèêîðèñ-
òàííÿì t-êðèòåð³þ Ñò’þäåíòà.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ. Äîñë³äæåííÿ 
àðõ³òåêòîí³êè êîëàãåíâì³ñíèõ âîëîêîí ñïîëó÷-
íîòêàíèííîãî êîìïîíåíòó ðàêó ïåðåäì³õóðîâî¿ 
çàëîçè ìàëè ïîð³âíÿëüíèé õàðàêòåð ³ âèçíà÷åí³ 
îñîáëèâîñò³ öèõ ñòðóêòóð ó äîñë³äæåíèõ ãðóïàõ 
ïóõëèí îö³íþâàëèñü ïî â³äíîøåííþ äî ñòóïå-
íÿ çëîÿê³ñíîñò³ íîâîóòâîðåíü çà Ãë³ñîíîì 
(Gleason and Mellinger, 1966). Ñë³ä çàçíà÷èòè, 
ùî â îñíîâó âèçíà÷åííÿ øêàëè çëîÿê³ñíîñò³ 
çà Ãë³ñîíîì, ç îäíîãî áîêó, ïîêëàäåíî ñòóï³íü 
àíàïëàç³¿ ïóõëèííèõ êë³òèí, îñîáëèâî ÿäåð 
(ïîë³ìîðô³çì, çì³íà ÿäåðíî-öèòîïëàçìàòè÷íî-
ãî ñï³ââ³äíîøåííÿ ó á³ê ÿäðà, çá³ëüøåííÿ âå-
ëè÷èíè òà ê³ëüêîñò³ ÿäåðåöü, ã³ïåðõðîìàòîç, 
íåð³âíîì³ðíèé ðîçïîä³ë ãëèáîê õðîìàòèíó), ç 
³íøîãî, – àíàïëàç³ÿ óòâîðåíèõ êë³òèíàìè íå-
äîñòàòíüî ñôîðìîâàíèõ çàëîçåâèõ ñòðóêòóð 
(äåôîðìîâàíèõ, çëèòèõ, ç â³äñóòí³ñòþ ïðîñâ³-
ò³â, íàÿâí³ñòü êðèáð³ôîðìíèõ ñòðóòóð ç ³íòðà-
ëþì³íàëüíèìè íåêðîçàìè). Íà ï³äñòàâ³ öüîãî 
áóëî âèçíà÷åíî ³íäåêñ Ãë³ñîíà ó 2-õ ä³ëÿíêàõ 
êîæíî¿ ïóõëèíè çà 5 áàëüíîþ øêàëîþ ç ñóìàð-
íîþ ê³ëüê³ñòþ áàë³â ó íîâîóòâîðåíí³ â³ä 6 äî 9. 
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Ðåìîäåëþâàííÿ àðõ³òåêòîí³êè êîëàãåíâì³ñíèõ ñïîëó÷íîòêàíèííèõ âîëîêîí ìåòàñòàòè÷íèãî ðàêó 

Àíàë³ç êîëàãåíîâèõ ô³áðèë ó 1-é ãðóï³ ã³ñ-
òîëîã³÷íèõ çðàçê³â ðàêó ïåðåäì³õóðîâî¿ çàëîçè 
áåç ìåòàñòàç³â, òîáòî êîëè ð³ñò ïóõëèíè íîñèâ 
ëîêàëüíèé õàðàêòåð, àëå ñòóï³íü çëîÿê³ñíîñò³ 
çà Ãë³ñîíîì ñòàíîâèâ 8–9 áàë³â, äîçâîëèâ â³-
çóàë³çóâàòè íàñòóïíó îðãàí³çàö³þ öèõ ñòðóêòóð. 
Êîëàãåíîâ³ ô³áðèëè, ùî îòî÷óþòü ð³çí³ çà ðîç-
ì³ðîì åï³òåë³àëüí³ ñòðóêòóðè äîñë³äæåíèõ ïóõ-
ëèí, ëèøå â îêðåìèõ íåâåëèêèõ àöèíóñàõ áóëè 
ðîçö³íåí³ ÿê âèãíóò³ (10–20 %, ³ç ñåðåäí³ì çíà-
÷åííÿì – 15 ± 3,5 %), à ó á³ëüøîñò³ ïóõëèí, îñî-
áëèâî ç ê³ñòîçíî-ïàï³ëÿðíèì êîìïîíåíòîì, –
ÿê ðîçòÿãíóò³ êîëàãåíîâ³ ô³áðèëè – â³ä 30 äî 50 %
(ñåðåäíº – 35 ± 4,2 %) òà âèð³âíÿí³ – â³ä 45 äî 
55 % (ñåðåäíº – 50 ± 3,8 %) (ðèñ. 1, à, á). 

Çàáàðâëåííÿ ô³áðèë íàâêîëî åï³òåë³àëüíèõ 
ñòðóêòóð äîñèòü ³íòåíñèâíå. Çà òîâùèíîþ ó ñî-
ñî÷êîâèõ óòâîðåííÿõ ïàï³ëÿðíîãî êîìïîíåíòó 
ïóõëèí âîíè äîñèòü òîíê³, òîä³ ÿê òîâñò³ø³ é 
ù³ëüí³ø³ ñïîñòåð³ãàþòüñÿ ó ä³ëÿíêàõ ç àöèíàð-
íèì ðîñòîì. Ãðóïîþ äîñë³äíèê³â ïðè âèêî-
ðèñòàíí³ ëàçåðíî¿ òåõíîëîã³¿ íà ã³ñòîëîã³÷íîìó 
ìàòåð³àë³ ðàêó ïåðåäì³õóðîâî¿ çàëîçè òàêîæ ïî-
êàçàíî çì³íó àðõ³òåêòîí³êè êîëàãåíîâèõ âîëî-
êîí íàâêîëî àöèíóñ³â ïàðåíõ³ìè, à ïðè àíàë³ç³ 
îð³ºíòàö³¿ êîëàãåíîâèõ âîëîêîí âîíè âèÿâè-
ëèñü á³ëüø âèð³âíÿíèìè ïðè âèùèõ ñòóïåíÿõ 
çëîÿê³ñíîñò³ ³ êîðåëþâàëè ç ïðîãíîñòè÷íèìè 
ãðóïàìè, äî ñêëàäó ÿêèõ âõîäÿòü 4 òà 5 áàë³â çà 
Ãë³ñîíîì (Garcia et al, 2018).

Ñë³ä çàçíà÷èòè, ùî îñòàíí³ì ÷àñîì, çã³äíî 
ïðîïîçèö³é Ì³æíàðîäíîãî òîâàðèñòâà óðîëîã³÷-
íèõ ïàòîëîã³â ç óðàõóâàííÿì çì³í òà äîïîâíåíü 
(2014 ð.), ïðèéíÿòèõ â îñòàíí³é ðåäàêö³¿ ÂÎÎÇ 
ó 2016 ð., ðåêîìåíäîâàíî îö³íþâàòè ñòóï³íü 
çëîÿê³ñíîñò³ ðàêó ïåðåäì³õóðîâî¿ çàëîçè çà Ãë³-
ñîíîì çà ïðîãíîñòè÷íèìè ãðóïàìè â³ä 1 äî 5 
(grade groups), îñê³ëüêè ïðè âèùèõ ñóìàðíèõ 
áàëàõ äèôåðåíö³þâàííÿ ïóõëèí, çîêðåìà 7 áàë³â, 
ïðîãíîç á³ëüø íåñïðèÿòëèâèé ó ãðóï³ 4 + 3 áàëè 
(3 êëàñ), í³æ 3 + 4 áàëè (2 êëàñ). Ìîðôîëîã³÷-
íîþ àðãóìåíòàö³ºþ â³ðîã³äíîñò³ öüîãî ôàêòó º 
íàÿâí³ñòü ó íîâîóòâîðåííÿõ âåëèêî¿ ê³ëüêîñò³ 
íèçüêî äèôåðåíö³éîâàíèõ, íåäîñòàòíüî ñôîð-
ìîâàíèõ çàëîç (äåôîðìîâàíèõ, çëèòèõ, áåç ïðî-
ñâ³ò³â). Àíàëîã³÷íî ñë³ä îö³íþâàòè ñóìó 9 áàë³â 
çà Ãë³ñîíîì, îñê³ëüêè ãðóïà 5 + 4 áàëè (5 êëàñ) 
àñîö³þºòüñÿ ç á³ëüø íåñïðèÿòëèâèì ïðîãíîçîì 
ïîð³âíÿíî ç ãðóïîþ 4 + 5 áàë³â (Epstein et al, 
2016) ÷åðåç íàÿâí³ñòü êðèáð³ôîðìíèõ åï³òåë³-

àëüíèõ ñòðóêòóð ç ³íòðàëþì³íàëüíèìè íåêðî-
çàìè (Shah, 2009). Òàêîæ äîö³ëüíî ïðè áóäü-
ÿê³é ñóì³ áàë³â çà Ãë³ñîíîì, äî ÿêî¿ âõîäèòü 
êîìïîíåíò 5 áàë³â, âêàçóâàòè éîãî â³äñîòîê ÿê 
ñóòòºâèé ôàêòîð á³ëüø íåãàòèâíîãî ïðîãíîçó 
íàâ³òü ïðè ôîêàëüíîìó âèÿâëåíí³, 1–2 %, ïî-
ð³âíÿíî ç ïîâíîþ â³äñóòí³ñòþ. 

Äîñë³äæåííÿ àðõ³òåêòîí³êè ïðèëåãëî¿ òà îòî-
÷óþ÷î¿ ïàðåíõ³ìàòîçíèé êîìïîíåíò ñòðîìè 1-¿ 
ãðóïè ã³ñòîëîã³÷íèõ çðàçê³â ðàêó ïåðåäì³õóðîâî¿ 
çàëîçè áåç ìåòàñòàòè÷íî¿ ïðîãðåñ³¿ ³ç ñòóïåíåì 
çëîÿê³ñíîñò³ 8–9 áàë³â ïîêàçàëî, ùî çàãàëîì 
âîíà ìàñèâíà ç ð³çíîþ ù³ëüí³ñòþ ðîçòàøóâàííÿ 
êîëàãåíîâèõ âîëîêîí. Â îäíèõ ïóõëèíàõ ñòðîìà 
á³ëüø, â ³íøèõ – ìåíø ãðóáîâîëîêíèñòà, êîëà-
ãåíîâ³ ô³áðèëè âèð³âíÿí³, ïîäîâæåí³, ðîçòàøî-
âàí³ äîâîë³ êîìïàêòíî ³ç çðîñòàííÿì ¿õ øèðèíè, 
õàðàêòåðèçóþòüñÿ äåñìîïëàç³ºþ. Âñòàíîâëåíî, 
ùî äåñìîïëàç³ÿ º ïðîÿâîì ðåàêö³¿ ñïîëó÷íî¿ 
òêàíèíè íà ðîçâèòîê åï³òåë³àëüíî¿ ïóõëèíè òà 
õàðàêòåðèçóºòüñÿ ô³áðîçîì ³ç ï³äâèùåííÿì ¿¿ 
æîðñòêîñò³, ÿêà ïîâ’ÿçàíà ³ç ù³ëüíîþ ïðîäóê-
ö³ºþ òà â³äêëàäåííÿì ìîëåêóë ïîçàïóõëèííîãî 
ìàòðèêñó, à ñàìå êîëàãåíó ² òèïó (Yavuz et al, 
2020). Çà äàíèìè ðÿäà àâòîð³â êîëàãåí ² òèïó 
ðîçö³íþºòüñÿ ÿê îäèí ³ç âàæëèâèõ ôàêòîð³â ì³-
êðîîòî÷åííÿ ïóõëèíè, ÿêèé ðåãóëþº ïðîë³ôå-
ðàö³þ, ì³ãðàö³þ, ³íâàç³þ òà âèæèâàííÿ êë³òèí, 
³ òàêèì ÷èíîì, â³ä³ãðàº êëþ÷îâó ðîëü ó ïóõëèí-
í³é ïðîãðåñ³¿, çîêðåìà ìåòàñòàçóâàíí³ (Badaoui 
et al, 2018, Zainab et al, 2019).

Ñë³ä çàçíà÷èòè, ùî ó äåÿêèõ ïóõëèíàõ ïî-
ì³æ âîëîêíèñòèõ êîëàãåíâì³ñíèõ ñòðóêòóð ñïî-
ñòåð³ãàþòüñÿ ð³çíî¿ âåëè÷èíè ñîë³äí³ ñêóï÷åí-
íÿ ïóõëèííèõ êë³òèí, ÿê³ ðîçòàøîâàí³ çà ìå-
æåþ çàëîçèñòèõ ñòðóêòóð, à òàêîæ ¿õ äåñèì³íà-
ö³ÿ ïðè ìåíø ù³ëüíîìó ðîçòàøóâàíí³ ô³áðèë, 
ùî º ïðîÿâîì ³íâàçèâíîãî ðîçïîâñþäæåííÿ ¿õ 
³ ì³ãðàö³¿ ó ñòðîìàëüíîìó êîìïîíåíò³ íîâîóò-
âîðåíü (ðèñ. 2, à).

Ïðè óïîðÿäêîâàíîìó ðîçòàøóâàíí³ êîëàãå-
íîâèõ âîëîêîí ìàº ì³ñöå ¿õ âèð³âíþâàííÿ òà 
òåíäåíö³ÿ äî ïîäîâæåííÿ (ðèñ. 2, á). Ïðî òå, 
ùî âèð³âíþâàííÿ êîëàãåíó º õàðàêòåðíîþ îñî-
áëèâ³ñòþ ïîçàêë³òèííîãî ìàòðèêñó ó ïóõëèíàõ, 
ñâ³ä÷àòü òàêîæ ðåçóëüòàòè åêñïåðèìåíòàëüíèõ 
äîñë³äæåíü in vitro, âèçíà÷åí³ çà äîïîìîãîþ 3D 
ìîäåëåé (Taufalele et al, 2019).

Îòæå, ïðîâåäåíèé àíàë³ç ïîêàçàâ, ùî òîïî-
ëîã³ÿ êîëàãåíîâèõ ñòðóêòóð ÿê áåçïîñåðåäíüî 
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Ë.À. Íàëºñê³íà, Í.Þ. Ëóê’ÿíîâà, Ò.Â. Çàäâîðíèé òà ³í.

íàâêîëî åï³òåë³àëüíèõ îñåðåäê³â ïàðåíõ³ìè ïóõ-
ëèíè, òàê ³ îòî÷óþ÷î¿ êîëàãåíâì³ñíî¿ ñòðîìè 
ðàêó ïåðåäì³õóðîâî¿ çàëîçè áåç ìåòàñòàòè÷íî¿ 
ïðîãðåñ³¿, îáóìîâëþº ³íâàç³þ ïóõëèííèõ êë³òèí 
³, íå âèêëþ÷åíî, òàêîæ âèíèêíåííÿ ìåòàñòàç³â 
ó ê³ñòêîâ³é òêàíèí³.

Ñâ³ä÷åííÿì öüîãî º àíàë³ç 2-¿ ãðóïè ã³ñòî-
ëîã³÷íèõ çðàçê³â ðàêó ïåðåäì³õóðîâî¿ çàëîçè ç 
ìåòàñòàòè÷íîþ ïðîãðåñ³ºþ ó ê³ñòêè ïðè íàÿâ-
íîñò³ àíàëîã³÷íîãî ñòóïåíÿ çëîÿê³ñíîñò³ íîâî-
óòâîðåíü çà Ãë³ñîíîì – 8–9 áàë³â. Êîëàãåíîâ³ 
ô³áðèëè, ùî îòî÷óþòü àöèíàðí³ ñòðóêòóðè ïà-
ðåíõ³ìàòîçíîãî êîìïîíåíòó ö³º¿ ãðóïè ïóõëèí 
³ ìàþòü çâèâèñòèé ÷è âèãíóòèé âèãëÿä, ñòàíî-
âèëè ëèøå 5 ± 1,1(2–10)%, çàçâè÷àé ñïîñòå-
ð³ãàëèñü ó íîâîóòâîðåííÿõ ³ç ñóìîþ áàë³â çà 
Ãë³ñîíîì 4 + 5. Â îñíîâíîìó ÿê ó ïóõëèíàõ ç 
íàÿâí³ñòþ àöèíàðíèõ, òàê ³ ê³ñòîçíî-ïàï³ëÿð-
íèõ òà êðèáð³ôîðìíèõ ñòðóêòóð êîëàãåíâì³ñí³ 

ñïîëó÷íîòêàíèíí³ ô³áðèëè áóëè ðîçòÿãíóòèìè 
(â³ä 20 äî 40 %, ïðè ñåðåäíüîìó çíà÷åíí³ –
30 ± 2,9 %), à ó á³ëüø³é ê³ëüêîñò³ – âèð³âíÿíè-
ìè (50–80 %, ñåðåäíº – 65 ± 1,8 %), îñîáëèâî 
ïðè ñóì³ áàë³â çà Ãë³ñîíîì 5 + 4 áàëè.

Îòî÷óþ÷à ñòðîìà õàðàêòåðèçóâàëàñü á³ëüø 
âèðàæåíèìè îçíàêàìè äåñìîïëàç³¿: êîìïàê-
òèçàö³ºþ ðîçòàøóâàííÿ êîëàãåíîâèõ âîëîêîí, 
äåùî çðîñòàííÿì ¿õ øèðèíè, âèð³âíþâàííÿì, 
ïîäîâæåííÿì, çá³ëüøåííÿì çàãàëüíî¿ ïëîù³ 
êîëàãåíâì³ñíî¿ ñïîëó÷íî¿ òêàíèíè. Ï³äòâåð-
äæåííÿì çàçíà÷åíîãî º äàí³ ë³òåðàòóðè ïðî 
òå, ùî ñïîëó÷íîòêàíèííå ðåìîäåëþâàííÿ ó 
ïóõëèíàõ õàðàêòåðèçóºòüñÿ ðåñòðóêòóðèçàö³ºþ 
êîëàãåíîâèõ âîëîêîí ³ ïåðåáóäîâîþ ÿê â ñòðî-
ìàëüí³é, òàê ³ ïóõëèíí³é çîíàõ (Gole et al, 2020). 
Íàø³ ðåçóëüòàòè òàêîæ óçãîäæóþòüñÿ ³ç ³íøèìè 
ïîâ³äîìëåííÿìè, â ÿêèõ ç âèêîðèñòàííÿì ìåòî-
äó áàãàòîôîòîííî¿ ì³êðîñêîï³¿ çàñâ³ä÷åíî, ùî 

Ðèñ. 1. Ðîçòÿãíóò³ (à) òà âèð³âíÿí³ (á) êîëàãåíîâ³ âîëîêíà íàâêîëî åï³òåë³àëüíèõ ñòðóêòóð ðàêó ïåðåäì³õóðîâî¿ 
çàëîçè, çà Ãë³ñîíîì 9 áàë³â. Çàáàðâëåííÿ çà Âàí-Ã³çîíîì. Çá. ×400

Ðèñ. 2. à – Êîëàãåíâì³ñíà ñïîëó÷íà òêàíèíà ç îçíàêàìè ðîçãàëóäæåííÿ âîëîêíèñòèõ ñòðóêòóð òà ðîç-
òàøóâàííÿ ïîì³æ íèõ ïóõëèííèõ îñåðåäê³â (âåðõíÿ ÷àñòèíà ðèñóíêó). á – Ïîäîâæåííÿ òà âèð³âíþâàííÿ 
êîëàãåíâì³ñíèõ âîëîêîí ó îòî÷óþ÷³é ïóõëèí³, çà Ãë³ñîíîì 8 áàë³â. Çàáàðâëåííÿ çà Âàí-Ã³çîíîì. Çá. ×200
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Ðåìîäåëþâàííÿ àðõ³òåêòîí³êè êîëàãåíâì³ñíèõ ñïîëó÷íîòêàíèííèõ âîëîêîí ìåòàñòàòè÷íèãî ðàêó 

ðîçâèòîê ðåöèäèâó çàõâîðþâàííÿ àñîö³þºòüñÿ 
³ç âèñîêèì âì³ñòîì êîëàãåíó òà øèðèíîþ êîëà-
ãåíîâèõ âîëîêîí (Pavlova et al, 2021).

Ìåíø âèðàæåí³ îçíàêè ðåìîäåëþâàííÿ êî-
ëàãåíâì³ñíî¿ ñïîëó÷íî¿ òêàíèíè çàçíà÷åí³ ó 3-é 
ãðóï³ ã³ñòîëîã³÷íèõ çðàçê³â ðàêó ïåðåäì³õóðîâî¿ 
çàëîçè áåç ìåòàñòàç³â ³ç ñòóïåíåì çëîÿê³ñíîñò³ 
íîâîóòâîðåíü 7 áàë³â çà øêàëîþ Ãë³ñîíà. Ó ïóõ-
ëèíàõ ñïîñòåð³ãàëèñü ä³ëÿíêè ç ìíîæèííèìè 
òóáóëÿðíèìè ñòðóêòóðàìè ³ç ð³çíîþ âåëè÷èíîþ 
çàëîç, òðàáåêóëÿðíîþ àðõ³òåêòîí³êîþ, à òàêîæ ç 
öèñòàäåíîïàï³ëÿðíèìè ñòðóêòóðàìè (ðèñ. 3, à).
Êîëàãåíîâ³ ô³áðèëè ïàðåíõ³ìàòîçíîãî êîìïî-
íåíòó ó 5–25 % (³ç ñåðåäí³ì çíà÷åííÿì 15 ± 
± 2,6 %) ìàëè âèãíóòó ôîðìó, â³ä 30 äî 60 %, 
(ñåðåäíº – 45 ± 1,7 %) áóëè ðîçòÿãíóòèìè òà ó 
25–55 % (ñåðåäíº – 40 ± 4,1 %) — âèð³âíÿíèìè. 

Ïðè íàÿâíîñò³ ìåòàñòàç³â ðàêó ïåðåäì³õó-
ðîâî¿ çàëîçè ó ê³ñòêè òà ñòóïåíÿ çëîÿê³ñíîñò³ 
ïóõëèí 7 (4 + 3 áàëè) çà Ãë³ñîíîì (4 ãðóïà) âè-
ãíóò³ ñòðóêòóðè íå âèçíà÷àëèñü, ê³ëüê³ñòü ðîç-
òÿãíóòèõ ó ñåðåäíüîìó ñòàíîâèëà 40 ± 2,7 % ³ç 
êîëèâàííÿìè 24–55 %, ÷èñëî âèð³âíÿíèõ êî-
ëàãåíâì³ñíèõ ô³áðèë âèÿâèëîñü ñóòòºâî á³ëü-
øèì – 55 ± 2,8 (32–68)%. Îòî÷óþ÷à ïàðåíõ³ìà-
òîçíèé êîìïîíåíò íîâîóòâîðåíü êîëàãåíâì³ñíà 
ñòðîìà áóëà ìàñèâíîþ ç ïåðåâàãîþ â îäíèõ íî-
âîóòâîðåííÿõ ïóõêî¿, â ³íøèõ ù³ëüíî¿ ñïîëó÷-
íî¿ òêàíèíè ç îçíàêàìè äåñìîïëàç³¿ ³ ð³çíèì 
ð³âíåì âèð³âíþâàííÿ òà øèðèíîþ âîëîêîí ³ 
ïðèëÿãàííÿì ¿õ ì³æ ñîáîþ. 

Ó ïóõëèíàõ ³ç ñòóïåíåì çëîÿê³ñíîñò³ çà Ãë³-
ñîíîì 6 áàë³â ³ â³äñóòí³ñòþ ó õâîðèõ ìåòàñòà-
òè÷íî¿ ïðîãðåñ³¿ (5 ãðóïà) êîëàãåíâì³ñíà ñòðî-
ìà, íà ôîí³ ÿêî¿ âèçíà÷àëèñü åï³òåë³àëüí³ 
ñòðóêòóðè, õàðàêòåðèçóâàëàñü íàÿâí³ñòþ äî-
ñèòü ù³ëüíî ðîçòàøîâàíèõ êîëàãåíîâèõ âî-
ëîêîí, ùî ïåðåòèíàëèñü ó ð³çíèõ íàïðÿìêàõ, 
àáî óòâîðþâàëè ïóõê³ ïåðèñò³ ñòðóêòóðè. Êî-
ëàãåíîâ³ ô³áðèëè íàâêîëî åï³òåë³àëüíèõ ñòðóê-
òóð ïàðåíõ³ìàòîçíîãî êîìïîíåíòó ó 10–30 % 
(ó ñåðåäíüîìó – 20 ± 2,5 %) áóëè ðîçö³íåí³ 
ÿê âèãíóò³, ó 35–65 % (ñåðåäíº – 50 ± 
± 3,2 %) – ðîçòÿãíóò³ òà 10–50 % (ñåðåäíº – 
30 ± 3,3 %) – âèð³âíÿí³ (ðèñ. 3, á). 

Ñë³ä çàçíà÷èòè, ùî ó âñ³õ äîñë³äæåíèõ ãðó-
ïàõ ðàêó ïåðåäì³õóðîâî¿ çàëîçè ç ìåòàñòàòè÷íîþ 
ïðîãðåñ³ºþ ³ âèñîêèì ñòóïåíåì çëîÿê³ñíîñò³ 
íîâîóòâîðåíü (7–9 áàë³â çà Ãë³ñîíîì) ñïîñòå-

ð³ãàºòüñÿ á³ëüø âèðàæåíèé, í³æ ó ãðóïàõ íîâî-
óòâîðåíü áåç íàÿâíîñò³ ìåòàñòàç³â, ïåðåðîçïîä³ë 
êîëàãåíâì³ñíèõ ô³áðèë, ÿê³ îòî÷óþòü ïàðåíõ³-
ìàòîçí³ ñòðóêòóðè, ³ç çìåíøåííÿì âèãíóòèõ ³ 
ðîçòÿãíóòèõ òà çá³ëüøåííÿì âèð³âíÿíèõ.

Ó 6-é ãðóï³ ç ìåòàñòàòè÷íîþ ïðîãðåñ³ºþ ó 
ë³ìôàòè÷í³ âóçëè òà ñòóïåíåì  çëîÿê³ñíîñò³ íî-
âîóòâîðåíü (8–9 áàë³â çà Ãë³ñîíîì) âèçíà÷àëèñü 
ëèøå ðîçòÿãíóò³ êîëàãåíîâ³ ô³áðèëè, ê³ëüê³ñòü 
ÿêèõ êîëèâàëàñü â³ä 50 äî 60 % (ó ñåðåäíüî-
ìó – 55 ± 2,7 %), òà âèð³âíÿí³ – 40–50 % (ñå-
ðåäíº – 45 ± 3,5 %). Ïîð³âíÿííÿ ñï³ââ³äíî-
øåííÿ êîëàãåíâì³ñíèõ ô³áðèë ó íîâîóòâîðåí-
íÿõ ö³º¿ ãðóïè çàñâ³ä÷èëî á³ëüøèé â³äñîòîê 
âèð³âíÿíèõ ñòðóêòóð, í³æ ó 5 ãðóï³ ïóõëèí áåç 
ìåòàñòàòè÷íî¿ ïðîãðåñ³¿ òà ñòóïåíåì çëîÿê³ñ-
íîñò³ 6 áàë³â çà Ãë³ñîíîì.

Íà ïðîòèâàãó ïóõëèíàì ³ç çëîÿê³ñíèì ôåíî-
òèïîì ó äîáðîÿê³ñíèõ íîâîóòâîðåííÿõ ïåðåäì³-
õóðîâî¿ çàëîçè ç îçíàêàìè äîáðîÿê³ñíî¿ ã³ïåð-
ïëàç³¿ ³ íàÿâí³ñòþ ê³ñòîçíî-ïàï³ëÿðíèõ ñòðóêòóð 
êîëàãåíîâ³ ô³áðèëè íàâêîëî ïàðåíõ³ìàòîçíèõ 
åï³òåë³àëüíèõ óòâîðåíü áóëè ³íòåíñèâíî ïîôàð-
áîâàí³ çà Âàí Ã³çîíîì, òîíêîâîëîêíèñòèìè, â 
îñíîâíîìó çâèâèñòî-ðîçòÿãíóòèìè, ³ ëèøå â 
îäíîìó ñïîñòåðåæåíí³ 30 % ñòàíîâèëè á³ëüø 
çâèâèñòî-âèð³âíÿí³. Äîáðîÿê³ñí³ íîâîóòâîðåí-
íÿ ïåðåäì³õóðîâî¿ çàëîçè òàêîæ â³äð³çíÿëèñü 
çà ïðèëåãëîþ äî ïàðåíõ³ìàòîçíîãî êîìïîíåíòó 
ñòðîìîþ â³ä òàêî¿ ó ðàêó ïåðåäì³õóðîâî¿ çàëîçè 
â³ëüíèì ðîçòàøóâàííÿì òîíêèõ êîëàãåíîâèõ ô³-
áðèë â³äíîñíî îäíà äî îäíî¿. Ðåçóëüòàòè íàøèõ 
äîñë³äæåíü óçãîäæóþòüñÿ ³ç äàíèìè ë³òåðàòóðè 
ïðî òå, ùî ñïåöèô³÷í³ ñõåìè îðãàí³çàö³¿ êîëà-
ãåíâì³ñíèõ âîëîêîí ìàþòü ñóòòºâ³ â³äì³ííîñò³ 
ì³æ äîáðîÿê³ñíîþ òà çëîÿê³ñíîþ òêàíèíîþ ³, 
ùî ïðè çëîÿê³ñíîìó ïðîöåñ³ çäåá³ëüøîãî àñî-
ö³þþòüñÿ ³ç ìåòàñòàòè÷íîþ ïðîãðåñ³ºþ (Ouel-
lette et al, 2021). 

Îòæå, ó äîñë³äæåíèõ ãðóïàõ ðàêó ïåðåäì³õó-
ðîâî¿ çàëîçè âñòàíîâëåíî, ùî ³ç çðîñòàííÿì ñòó-
ïåíÿ çëîÿê³ñíîñò³ ïóõëèí çà Ãë³ñîíîì â³äáóâà-
ºòüñÿ ðåìîäåëþâàííÿ êîëàãåíâì³ñíî¿ ñêëàäîâî¿ 
ñòðîìàëüíîãî êîìïîíåíòó, ðîçòàøîâàíîãî ÿê 
íàâêîëî ïàðåíõ³ìàòîçíèõ ñòðóêòóð, òàê ³ âëàñíå 
ó ñàì³é ñòðîì³, ïðîÿâîì ÷îãî º: çá³ëüøåííÿ çà-
ãàëüíî¿ ìàñè âîëîêíèñòèõ ñòðóêòóð, çðîñòàííÿ 
øèðèíè êîëàãåíîâèõ ô³áðèë, ¿õ êîìïàêòèçàö³ÿ 
ùîäî ù³ëüíîñò³ ðîçòàøóâàííÿ, âèð³âíþâàííÿ òà
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ïîäîâæåííÿ. Çàçíà÷åí³ îñîáëèâîñò³ îðãàí³çàö³¿
àðõ³òåêòîí³êè êîëàãåíâì³ñíèõ ô³áðèë ñïîëó÷-
íîòêàíèííîãî êîìïîíåíòó íîâîóòâîðåíü àñî-
ö³þþòüñÿ ³ç ìåòàñòàòè÷íîþ ïðîãðåñ³ºþ. Çàãà-
ëîì, îòðèìàí³ äàí³ º ñâ³ä÷åííÿì òîãî, ùî äåñ-
ìîïëàñòè÷íî çì³íåíèé êîëàãåíâì³ñíèé ñïî-
ëó÷íîòêàíèííèé êîìïîíåíò ðàêó ïåðåäì³õóðî-
âî¿ çàëîçè ñïðèÿº áåçïåðåøêîäí³é ì³ãðàö³¿ òà 
ðåàë³çàö³¿ ³íâàçèâíîãî ïîòåíö³àëó ïóõëèííèõ 
êë³òèí, çîêðåìà òèõ, ÿê³ åêñïðåñóþòü á³ëêè ðå-
ìîäåëþâàííÿ ê³ñòêîâî¿ òêàíèíè.

Âèñíîâêè. Ðåçóëüòàòè ïðîâåäåíèõ äîñë³ä-
æåíü äàþòü ï³äñòàâè ââàæàòè, ùî êîëàãåí ó 
êîëàãåíâì³ñíèõ ñòðóêòóðàõ ñïîëó÷íî¿ òêàíèíè 
ðàêó ïåðåäì³õóðîâî¿ çàëîçè º îäí³ºþ ç ëàíîê 
ó ëàíöþãó ðåìîäåëþâàííÿ ¿õ ì³êðîîòî÷åííÿ ó 
íàïðÿìêó ïóõëèííî¿ ïðîãðåñ³¿. Íàñë³äêîì ðå-
ìîäåëþâàííÿ êîëàãåíâì³ñíî¿ ñïîëó÷íî¿ òêà-
íèíè íàâêîëî åï³òåë³àëüíèõ ïóõëèííèõ ñòðóê-
òóð ç àãðåñèâíèì ðàêîì ïåðåäì³õóðîâî¿ çàëîçè 
(8–9 áàë³â çà øêàëîþ Ãë³ñîíà) º çá³ëüøåííÿ 
â³äñîòêó ðîçòÿãíóòèõ òà âèð³âíÿíèõ êîëàãåíî-
âèõ ô³áðèë ïîð³âíÿíî ç âèãíóòèìè; äëÿ ïðèëå-
ãëî¿ òà îòî÷óþ÷î¿ ñòðîìè õàðàêòåðíå çá³ëüøåí-
íÿ çàãàëüíî¿ ïëîù³ êîëàãåíâì³ñíèõ âîëîêîí, 
âèðàæåí³ îçíàêè äåñìîïëàç³¿, êîìïàêòèçàö³ÿ 
¿õ ðîçòàøóâàííÿ, çðîñòàííÿ øèðèíè, âèð³â-
íþâàííÿ, ïîäîâæåííÿ. Âðàõîâóþ÷è îòðèìàí³ 
äàí³, ìîæíà ââàæàòè, ùî ïðè ïðîãíîçóâàíí³ 
ðàêó ïåðåäì³õóðîâî¿ çàëîçè, ïîðÿä ³ç ïîêàç-
íèêàìè çëîÿê³ñíîãî ïîòåíö³àëó ïàðåíõ³ìàòîç-
íîãî êîìïîíåíòó íåîáõ³äíî âðàõîâóâàòè ñòàí 
ñïîëó÷íî¿ òêàíèíè ÿê ó ìåæàõ ïóõëèíè, òàê ³ 
¿¿ îòî÷åíí³, îñê³ëüêè â ïðîöåñ³ ðîñòó íîâîóòâî-

ðåííÿ â í³é â³äáóâàºòüñÿ ðåìîäåëþâàííÿ êîëà-
ãåíâì³ñíèõ ñòðóêòóð.

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Öÿ ñòàòòÿ íå 
ì³ñòèòü áóäü-ÿêèõ äîñë³äæåíü ç âèêîðèñòàííÿì 
ëþäåé ³ òâàðèí ÿê îá’ºêò³â. 
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî â³ä-
ñóòí³ñòü êîíôë³êòó ³íòåðåñ³â.
Ô³íàíñóâàííÿ. Öå äîñë³äæåííÿ íå îòðèìóâàëî 
áóäü-ÿêîãî êîíêðåòíîãî ãðàíòó â³ä ô³íàíñóþ÷èõ 
óñòàíîâ ó äåðæàâíîìó, êîìåðö³éíîìó àáî íå-
êîìåðö³éíîìó ñåêòîðàõ. 

REMODELLING THE ARCHITECTURE
OF COLLAGEN-CONTAINING CONNECTIVE 
TISSUE FIBERS OF METASTATIC 
PROSTATE CANCER

L. Naleskina, N. Lukianova, 
T. Zadvornyi, L. Kunska, 
O. Mushii, V. Chekhun 

R.E. Kavetsky Institute Experimental Pathology, 
Oncology and Radiobiology, National Academy 
Sciences of Ukraine, Kyiv 03022, Ukraine

E-mail: Naleskina@ukr.net, nataluk10@gmail.com, 
tito132007@ukr.net, luba110@ukr.net, 
sashamushy1@ gmail.com, chekhun@onconet.kiev.ua 

The morphological study was aimed at determining 
the role of fibrillar organization of the collagen-
containing connective tissue of prostate cancer at
the stage of neoplastic proliferation, including me-
tastatic spreading into bone tissue. The histological 
material of 55 patients with prostate cancer, Glea-
son 6–9 malignancy score, without neoplastic proli-
feration and with metastases into bones, was used.
The architecture specificities of collagen-contai-

Ðèñ. 3. à – òðàáåêóëÿðí³ ñòðóêòóðè ðàêó ïåðåäì³õóðîâî¿ çàëîçè (çà øêàëîþ Ãë³ñîíà 7 áàë³â) ðîçìåæîâàí³ 
ì³æ ñîáîþ âèð³âíÿíèìè òà ïîäîâæåíèìè êîëàãåíîâèìè âîëîêíàìè. Çàáàðâëåííÿ çà Âàí-Ã³çîíîì. Çá. ×400. 
á – âèãíóò³ êîëàãåíîâ³ âîëîêíà íàâêîëî çàëîçåâèõ ñòðóêòóð ðàêó ïåðåäì³õóðîâî¿ çàëîçè, çà øêàëîþ Ãë³ñîíà 
6 áàë³â. Çàáàðâëåííÿ çà Âàí-Ã³çîíîì. Çá. ×400
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ning connective tissue of neoplasms were deter-
mined using Van Gieson’s method. It was found that 
the remodelling of collagen-containing connective
tissue around the epithelial tumor structures with ag-
gressive prostate cancer (Gleason score of 8–9) resul-
ted in the increase in the percentage of extended 
and flattened fibrils as compared to curved fibrils; 
the adjacent and surrounding stroma was notable for 
the enlarged total area of collagen-containing fibrils, 
manifestations of desmoplasia, compactization of the 
location, widening, flattening, and extending. The 
data obtained demonstrate that the remodelling of 
collagen-containing connective tissue component of 
prostate cancer conditions unrestricted migration and 
invasion of tumor cells, including the ones, expressing 
the proteins, involved in bone tissue remodelling.

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

Angel PA, Zambrzycki SC (2022) Predictive value of 
collagen in cancer. Adv Cancer Res 154:15–45. 
https://doi.org/10.1016/bs.acr.2022.02.004 

Angel PM, Spruill L, Jefferson M et al (2020) Zonal 
regulation of collagen-type proteins and post-translational 
modifications in prostatic benign and cancer tissues by 
imaging mass spectrometry. The prostate 80(13):1071–
1086. https://doi.org/10.1002/pros.24031

Badaoui M, Mimsy-Julienne C, Saby Ch et al (2018) 
Collagen type 1 promotes survival of human breast 
cancer cells by overexpressing Kv10.1 potassium and 
Orai1 calcium channels through DDR1-dependent 
pathway. Oncotarget 9(37): 24653–24671. https://
doi.org/10.18632/oncotarget.19065

Bodelon C, Mullooly M, Pfeiffer RM et al (2021) 
Mammary collagen architecture and its association 
with mammographic density and lesion severity 
among women undergoing image-guided breast bio-
psy. Breast Cancer Res 23:105. https://doi.org/10.
1186/s13058-021-01482-z

Drifka CR, Loeffler AG, Mathewson K et al (2016) High-
ly aligned stromal collagen is a negative prognostic 
factor following pancreatic ductal adenocarcinoma 
resection. Oncotarget 7(46): 76197–76213. https://doi.
org/10.18632/oncotarget.12772

Epstein JI, Egevad L, Amin MB et al (2016) The 2014 
International Society of Urological Pathology (ISUP) 
Consensus Conference on Gleason Grading of Pro-
static Carcinoma: Definition of Grading Patterns and 
Proposal for a New Grading System. The American 
Journal of Surgical Pathology 40(2):244-252. https://
doi.org/10.1097/pas.0000000000000530

Fang M, Yuan J, Peng Ch, Li Yu (2014) Collagen as 
a double-edged sword in tumor progression. Tumor 
Biology 35(4):2871–2882. https://doi.org/10.1007/
s13277-013-1511-7

Garcia AM, Magalhes FL, Soares JS et al (2018) Se-
cond harmonic generation imaging of the collagen 
architecture in prostate cancer tissue. Biomed Phys Eng 
4 025026. https://doi.org/10.1088/2057-1976/aaa379 

Gleason DF, Mellinger GT (1966) Classification of pro-
static carcinomas. Cancer Chemother Rep 50(3): 
125–128. 

Gole L, Yeong J, Lim JChT et al (2020) Quantitative 
stain-free imaging and digital profiling of collagen 
structure reveal diverse survival of triple negative 
breast cancer patients. Breast Cancer Research 22: 
https://breast-cancer-research.biomedcentral.com/
articles/10.1186/s13058-020-01282-x

Guillaumin J-B, Djerroudi L, Aubry J-F et al (2022) 
Proof of Concept of 3-D Backscatter Tensor Ima-
ging Tomography for Non-invasive Assessment of
Human Breast Cancer Collagen Organization. Ultra-
sound in Medicine & Biology 48(9):1867–1878.

Necula L, Matei L, Dragu D et al (2022) Collagen 
Family as Promising Biomarkers and Therapeutic 
Targets in Cancer. Int J Mol Sci 23:12415. https://
doi.org/10.3390/ijms232012415

Ouellette JN, Drifka CR, Pointer KB et al (2021) Na-
vigating the Collagen Jungle: The Biomedical Po-
tential of Fiber Organization in Cancer. Bioengi-
neering (Basel) 8(2):17. https://doi.org/10.3390/bio
engineering8020017

Pavlova IP, Nair SS, Lundon D et al (2021) Multipho-
ton Microscopy for Identifying Collagen Signatures 
Associated with Biochemical Recurrence in Prostate 
Cancer Patients. J Pers Med 11(11):1061. https://
doi.org/10.3390/jpm11111061

Provenzano PP, Eliceiri KW, Campbell JM et al 
(2006) Collagen reorganization at the tumor-stromal 
interface faci-litates local invasion. BMC Med 
4(1):38. https://doi.org/10.1186/1741-7015-4-38. 

Rømer AM, Thorseth ML, Hargbøl D (2021) Immune 
Modulatory Properties of Collagen in Cancer. 
Front Immunol 12:791453. https://doi.org/10.3389/
fimmu.2021.791453

Shah RB. (2009). Current perspectives on the Gleason 
grading of prostate cancer. Arch Pathol Lab Med 
133(11):1810–1816. doi: 10.5858/133.11.1810.

Song K, Yu Z, Zu X et al (2022) Collagen Remodeling 
along Cancer Progression Providing a Novel Op-
portunity for Cancer Diagnosis and Treatment. Int  
J Mol Sci 23(18):10509. https://doi.org/10.3390/
ijms231810509

Taufalele PV, VanderBurgh JA, Muñoz A et al (2019) 
Fiber alignment drives changes in architectural and 
mechanical features in collagen matrices. PLOS 
https://doi.org/10.1371/journal.pone.0216537 

Xi G, Guo W, Kang D et al (2021) Large-scale tumor-
associated collagen signatures identify high-risk bre-



32 ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2023. Ò. 57. ¹ 5

Ë.À. Íàëºñê³íà, Í.Þ. Ëóê’ÿíîâà, Ò.Â. Çàäâîðíèé òà ³í.

ast cancer patients. Theranostics 11(7):3229–3243. 
https://doi.org/10.7150/thno.55921 

Xi G, Qiu L, Xu S et al (2021) Computer-assisted 
quantification of tumor-associated collagen signatu-
res to improve the prognosis prediction of breast 
cancer. BMCMedicine 19: https://bmcmedicine.bio-
medcentral.com/articles/10.1186/s12916-021-02146-7

Yavuz BG, Pestana RC, Abugabal, YI et al (2020) Origin 
and role of hepatic myofibroblasts in hepatocellular 
carcinoma. Oncotarget 11:1186–1201. https://doi.
org/10.18632/oncotarget.27532. 

Zainab H, Sultana A, Shaimaa (2019) Stromal desmo-
plasia as a possible prognostic indicator in different 
grades of oral squamous cell carcinoma. J Oral Ma-
xillofac Pathol 23(3):338–343. https://doi.org/10.
4103/jomfp.JOMFP_136_19

Zhang J, Liu J, Zhang H et al (2022) The role of 
network-forming collagens in cancer progression. 
International journal of cancer 151(15):833–842. 
https://doi.org/10.1002/ijc.34004

Zundera SM, Gelderblom H, Tollenaara RA, Mesker 
WE (2020) The significance of stromal collagen 
organization in cancer tissue: An in-depth discussion 
of literature. Critical Reviews in Oncology/Hema-
tology 151:102907. https://doi.org/10.1016/j.critre-
vonc.2020.102907

Íàä³éøëà â ðåäàêö³þ 16.02.23  
Ï³ñëÿ äîîïðàöþâàííÿ 29.05.23

Ïðèéíÿòà äî äðóêó 18.09.23



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


