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ÒÐÀÍÑÌ²ÑÈÂÍ² ÏÓÕËÈÍÈ ÌÎÐÑÜÊÈÕ
ÄÂÎÑÒÓËÊÎÂÈÕ ÌÎËÞÑÊ²Â (ÎÃËßÄ)

Ó ðîáîò³ ïðåäñòàâëåíî óçàãàëüíåí³ ñó÷àñí³ äàí³, ÿê³ ï³äòâåðäæóþòü ìîæëè-
â³ñòü òðàíñì³ñ³¿ ïóõëèííèõ çàõâîðþâàíü ìîëþñê³â. Ðîçãëÿíóòî âèÿâëåí³ íîâîóòâî-
ðåííÿ ó ìîëþñê³â, õàðàêòåðí³ îçíàêè öèõ çàõâîðþâàíü òà ïðè÷èíè ¿õíüîãî âèíèêíåí-
íÿ. Îñîáëèâó óâàãó â îãëÿä³ ïðèä³ëåíî êîíòàã³îçíîñò³ ïóõëèí: îïèñàí³ âèïàäêè ãîðè-
çîíòàëüíîãî ³íô³êóâàííÿ îñîáèí, ÿê³ ìåøêàþòü ó ð³çíèõ òåðèòîð³àëüíî â³ääàëåíèõ
àêâàòîð³ÿõ, ì³æâèäîâî¿ ïåðåäà÷³ ïóõëèí ³ íàâ³òü òðàíñì³ñ³¿ â³ä ìîëþñê³â äî ïðåä-
ñòàâíèê³â ³íøèõ òèï³â òâàðèí íà ð³âí³ ðåòðîåëåìåíòó Steamer, åêñïðåñ³ÿ ÿêîãî êî-
ðåëþº ç íàÿâí³ñòþ íåîïëàç³é. Âðàõîâóþ÷è âèñîêèé ð³âåíü ïîä³áíîñò³ ðÿäó ñòðóêòóð-
íèõ á³ëê³â íîâîóòâîðåíü ó ìîëþñê³â ³ ññàâö³â, ïîãëèáëåíå âèâ÷åííÿ òðàíñì³ñèâíèõ
ïóõëèí áåçõðåáåòíèõ àâòîðè ââàæàþòü ïåðñïåêòèâíèì äëÿ âèð³øåííÿ ïðîáëåì îí-
êîëîã³¿, á³îëîã³¿ òà ñ³ëüñüêîãî ãîñïîäàðñòâà.

Êëþ÷îâ³ ñëîâà: äâîñòóëêîâ³ ìîëþñêè, òðàíñì³ñèâí³ ïóõëèíè, ðåòðîåëåìåíò
Steamer, ãîðèçîíòàëüíà ïåðåäà÷à ïóõëèí, êîíòàã³îçí³ñòü ïóõëèí

Äî ïî÷àòêó ìèíóëîãî ñòîë³òòÿ ââàæàëîñÿ, ùî ïóõëèíè âèíèêàþòü
âèêëþ÷íî ó õðåáåòíèõ òâàðèí [40]. Îäíàê íåçàáàðîì òàê³ íîâîóòâîðåííÿ
áóëè âèÿâëåí³ ³ ó ðÿäó ïðåäñòàâíèê³â áåçõðåáåòíèõ, çîêðåìà êîìàõ ³ ìî-
ëþñê³â.
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Äî öüîãî ÷àñó ð³çí³ ïóõëèíè áóëè îïèñàí³ ó ÷åðåâîíîãèõ, äâîñòóëêî-
âèõ, ãîëîâîíîãèõ ³ ïàíöèðíèõ ìîëþñê³â [32]. Ó ÷ëåíèñòîíîãèõ äîáðî-
ÿê³ñí³ ïóõëèíè âïåðøå áóëè îïèñàí³ äëÿ äðîçîô³ë [22], ïîò³ì — äëÿ êðî-
âîñèñíèõ êîìàð³â [1, 2], áäæ³ë [45], ´åäç³â [20] òà ³íøèõ êîìàõ. Ïóõëèíí³
óòâîðåííÿ íå áóëè âèÿâëåí³ ó ãóáîê, ð³äêî çóñòð³÷àþòüñÿ ó êí³äàð³é ³ ðàêî-
ïîä³áíèõ. Äëÿ âèÿâëåííÿ ïóõëèí áåçõðåáåòíèõ çàçâè÷àé âèêîðèñòîâóþòü
ìåòîäè ã³ñòîïàòîëîã³¿, åëåêòðîííî¿ ì³êðîñêîï³¿, ³ìóíîôåðìåíòíîãî àíà-
ë³çó, ïðîòî÷íî¿ öèòîôîòîìåòð³¿, êàð³îòèïíîãî àíàë³çó [9, 36].

Âèâ÷åííÿ íåîïëàçì áåçõðåáåòíèõ, à òàêîæ õðåáåòíèõ, ÿê³ íå º ññàâöÿ-
ìè, ïîêàçàëî, ùî áàãàòî ãåí³â ³ ñèãíàëüíèõ øëÿõ³â, ÿê³ áåðóòü ó÷àñòü â
³íäóêö³¿ íåîïëàçì ³ ìåòàñòàç³â ó öèõ òâàðèí, º ïîä³áíèìè ç àíàëîãàìè â îð-
ãàí³çìàõ ññàâö³â ³ ëþäèíè. Çîêðåìà, âñòàíîâëåíî, ùî á³ëüøå 50 % á³ëê³â,
ùî áåðóòü ó÷àñòü â ïðîöåñàõ íîâîóòâîðåíü ó ëþäåé, ìàþòü ñõîæ³ñòü ç
á³ëêàìè äðîçîô³ë [19]. Îòæå, âñåá³÷íå äîñë³äæåííÿ ïðè÷èí âèíèêíåííÿ ³
ìåõàí³çì³â ðîçâèòêó íîâîóòâîðåíü ó áåçõðåáåòíèõ äîçâîëèòü âèð³øèòè
ðÿä ãîñòðèõ ïðîáëåì â ìåäèöèí³, á³îëîã³¿ òà ñ³ëüñüêîìó ãîñïîäàðñòâ³.

Â îñòàíí³ ðîêè áóëè îïèñàí³ ÷èñëåíí³ âèïàäêè âèÿâëåííÿ ïóõëèí ó
äâîñòóëêîâèõ ìîëþñê³â (ì³ä³¿, ì³¿, óñòðèö³) [3, 17, 24]. Âïåðøå íåîïëàñ-
òè÷íå çàõâîðþâàííÿ ìîëþñê³â áóëî âèÿâëåíå â 1969 ð â ÑØÀ ó äâîõ âèä³â
óñòðèöü — Crassostrea gigas (Thunberg, 1793) ³ Crassostrea virginica (Gme-
lin, 1791) [15].

Âèäè ïóõëèí ìîëþñê³â. Á³ëüø³ñòü ïóõëèí, îïèñàíèõ äëÿ äàíîãî òèïó
òâàðèí, º äîáðîÿê³ñíèìè: àäåíîìè [26, 27], ïîë³ïî¿äè [32], ïàï³ëîìè [13],
ìåçåíõ³àëüí³ ïóõëèíè [14, 41] ³ ïóõëèíè, ëîêàë³çîâàí³ â ëåãåíåâ³é ³ ïåðè-
êàðä³àëüí³é ïîðîæíèí³ [29, 35].

Ñåðåä çëîÿê³ñíèõ ïóõëèí ó äâîñòóëêîâèõ ìîëþñê³â âèÿâëåí³ åï³òå-
ë³àëüí³ êàðöèíîìè [42, 46], çÿáðîâ³ êàðöèíîìè [10, 16], ãë³îìè [21], íåî-
ïëàçìè ãîíàä [7], äèñåì³íîâàí³ íåîïëàç³¿ [11]. Äâà îñòàíí³õ òèïè ïóõëèí ó
öèõ òâàðèí íàéá³ëüø ïîøèðåí³. Ö³ óòâîðåííÿ, áóäó÷è âèñîêîêîíòàã³îç-
íèìè, çàâäàþòü ³ñòîòíî¿ øêîäè ÷èñåëüíîñò³ ïîïóëÿö³é â àêâàêóëüòóð³ ³
ïðèðîäíîìó ñåðåäîâèù³.

Ãîíàäàëüí³ íåîïëàçìè ìîëþñê³â ñêëàäàþòüñÿ ç äð³áíèõ áàçîô³ëüíèõ
íåäèôåðåíö³éîâàíèõ çàðîäêîâèõ êë³òèí, ÿê³ ðîçòàøîâóþòüñÿ â çàðîäêî-
âèõ ôîë³êóëàõ, ðîçìíîæóþòüñÿ òàì ³ ìàéæå ïîâí³ñòþ ¿õ çàïîâíþþòü. Â
ðåçóëüòàò³ â³äáóâàºòüñÿ àòðîô³ÿ ³ äåãåíåðàö³ÿ ãîíàä. ²íîä³ — ïðîë³ôå-
ðàö³ÿ ³ ³íâàç³ÿ îñîáèíàì øëÿõîì òðàíñïëàíòàö³¿ ãåìîöèò³â [44].

Ïðè÷èíè âèíèêíåííÿ ïóõëèí ó ìîëþñê³â. Ã³ïîòåòè÷íà êîíöåïö³ÿ ñóòî
â³ðóñíî¿ åò³îëîã³¿ íåîïëàçì ìîëþñê³â íå çíàéøëà åêñïåðèìåíòàëüíîãî
ï³äòâåðäæåííÿ, îñê³ëüêè çà äîïîìîãîþ åëåêòðîííî¿ ì³êðîñêîï³¿ â³ðóñ-
çáóäíèê âèÿâèòè íå âäàëîñÿ [39].

Íåîäíîðàçîâî îïèñàíà íàÿâí³ñòü ó îñîáèí, óðàæåíèõ íà ëåéêåì³þ,
ï³äâèùåíî¿ ê³ëüêîñò³ çâîðîòíî¿ òðàíñêðèïòàçè [23] ñâ³ä÷èòü ïðî ³ñíóâàí-
íÿ ðåòðîåëåìåíò³â. Ó 2014 ð. â÷åí³ Êîëóìá³éñüêîãî óí³âåðñèòåòó øëÿõîì
ãëèáîêîãî ñåêâåíóâàííÿ ÐÍÊ ãåìîë³ìôè ï³ùàíî¿ ì³¿ Meloidogyne àrenaria
(Neal, 1889), ³äåíòèô³êóâàëè òðàíñêðèïòè íîâîãî ðåòðîåëåìåíòà, íàçâà-
íîãî Steamer: éîãî åêñïðåñ³ÿ ÷³òêî êîðåëþâàëà ç íàÿâí³ñòþ ó ìîëþñê³â íå-
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îïëàç³é [5]. Íà â³äì³íó â³ä ãåíîìà çäîðîâèõ îñîáèí, ÿêèé çàçâè÷àé ì³ñ-
òèòü 2—10 åíäîãåííèõ ðåòðîòðàíñïîçîí³â, ê³ëüê³ñòü êîï³é Steamer â ãåíî-
ìàõ ïóõëèííèõ êë³òèí ìîëþñê³â êîëèâàºòüñÿ â³ä 150 äî 300.

Steamer â³äíîñèòüñÿ äî ë³í³¿ ðåòðîòðàíñïîçîí³â Mag ç ðîäèíè åëå-
ìåíò³â gypsy/Ty3. Ó ñòðóêòóð³ ïðåäñòàâíèê³â äàíî¿ ðîäèíè ïðèñóòí³
LTR-ïîñë³äîâíîñò³ (Long Terminal Repeats). Ï³ñëÿ çâîðîòíî¿ òðàíñ-
êðèïö³¿ âîíè ³íòåãðóþòüñÿ â ãåíîì çà äîïîìîãîþ ìåõàí³çìó, õàðàêòåðíî-
ãî äëÿ ðåòðîâ³ðóñ³â. ÄÍÊ ðåòðîåëåìåíòà Steamer ìàº äîâã³ ê³íöåâ³ ïîâòî-
ðè ³ êîäóº îäèí âåëèêèé á³ëîê, ïîä³áíèé äî ðåòðîâ³ðóñíèõ á³ëê³â Gag-Pol
ññàâö³â [28, 33].

Ãîðèçîíòàëüíà ïåðåäà÷à ïóõëèííèõ ïàòîëîã³é. Ãîðèçîíòàëüíà ïåðå-
äà÷à ïóõëèí â³ä îäí³º¿ òâàðèíè ³íø³é äîâãèé ÷àñ ââàæàëàñÿ âêðàé ð³ä-
ê³ñíèì ÿâèùåì. Äî 2006 ð. áóëî â³äîìî âñüîãî äâà âèïàäêè óñï³øíî¿ ãîðè-
çîíòàëüíî¿ ïåðåäà÷³ ïóõëèíè ó õðåáåòíèõ òâàðèí: âåíåðè÷íà ïóõëèíà ñî-
áàê (CTVT), ùî ïåðåäàºòüñÿ ï³ä ÷àñ ñòàòåâîãî êîíòàêòó [30, 31], à òàêîæ
ëèöüîâà ïóõëèíà òàñìàíñüêîãî äèÿâîëà (DFTD), ÿêà ïåðåäàºòüñÿ ÷åðåç
óêóñè [34]. Ó õðåáåòíèõ òâàðèí, ÿê ïðàâèëî, ïóõëèíè íå êîíòàã³îçí³ ³ íå
ïåðåäàþòüñÿ ³íøèì îñîáèíàì ãîðèçîíòàëüíî, âíàñë³äîê ³ñíóâàííÿ íà ïî-
âåðõí³ òàêèõ óòâîðåíü ïîë³ìîðôíèõ á³ëê³â, çîêðåìà — ãîëîâíîãî êîìï-
ëåêñó ã³ñòîñóì³ñíîñò³ [4]. Ñòîðîíí³ ïóõëèíè øâèäêî âèçíà÷àþòüñÿ ³ìóí-
íîþ ñèñòåìîþ õàçÿ¿íà ³ â³äòîðãàþòüñÿ îðãàí³çìîì.

Ïîäàëüøå âèâ÷åííÿ ãåíîì³â äâîñòóëêîâèõ ìîëþñê³â äîçâîëèëî âèç-
íà÷èòè ðÿä Steamer-ïîä³áíèõ åëåìåíò³â. Ïàðàëåëüíî áóëè çíàéäåí³ äîêà-
çè ÷èñëåííèõ ÷àñòèõ ì³æâèäîâèõ ïåðåíîñ³â òàêèõ ðåòðîåëåìåíò³â ³ íàâ³òü
ïåðåõîäó öèõ òðàíñïîçîí³â â îðãàí³çìè ³íøèõ òèï³â âîäíèõ òâàðèí,
âêëþ÷àþ÷è õðåáåòíèõ, ìîðñüêèõ ¿æàê³â ³ êîðàëè [28].

Çà äîïîìîãîþ ìåòîä³â îäíîíóêëåîòèäíîãî ïîë³ìîðô³çìó ì³òîõîíä-
ð³àëüíî¿ ÄÍÊ (SNPs) ³ ìåòîäó ì³êðîñàòåë³ò³â ç âèêîðèñòàííÿì ôëóîðåñ-
öåíòíèõ çîíä³â áóëî âñòàíîâëåíî, ùî ãåíîòèïè ïóõëèííèõ êë³òèí íå
çá³ãàþòüñÿ ç ãåíîòèïàìè òâàðèíè-õàçÿ¿íà. Á³ëüø òîãî, âîíè âèÿâèëèñÿ
³äåíòè÷íèìè ó ìîëþñê³â, âèëîâëåíèõ â ð³çíèõ, äàëåêî ðîçòàøîâàíèõ îäíà
â³ä îäíî¿ àêâàòîð³ÿõ ÑØÀ ³ Êàíàäè [25, 43]. Àíàë³ç ïîñë³äîâíîñò³ íåâåëè-
êîãî ÷èñëà ñàéò³â ³íòåãðàö³¿ Steamer ïîêàçàâ, ùî íåîïëàñòè÷íà ÄÍÊ ì³ñ-
òèòü íîâ³ ñàéòè ³íòåãðàö³¿, ÿêèõ íåìàº â ÄÍÊ çäîðîâèõ ìîëþñê³â. Êð³ì
òîãî, ö³ íîâ³ êîï³¿ ÷àñòî âèÿâëÿëè ³äåíòè÷íó ëîêàë³çàö³þ ó ð³çíèõ âèä³â,
óðàæåíèõ ëåéêîçîì. Ðåçóëüòàòè äàíèõ äîñë³äæåíü ñâ³ä÷àòü ïðî òå, ùî ðàê
ïîøèðþºòüñÿ ñåðåä öèõ òâàðèí â ìîðñüêîìó ñåðåäîâèù³ ÿê êëîíàëüíà
òðàíñì³ñèâíà êë³òèíà, îòðèìàíà â³ä ÿêî¿ñü ïåðâèííî¿ îñîáèíè-õàçÿ¿íà.

Äî òåïåð³øíüîãî ÷àñó ìåõàí³çìè ãîðèçîíòàëüíî¿ ïåðåäà÷³ ïóõëèí ìî-
ëþñê³â íåâ³äîì³. Îñê³ëüêè äâîñòóëêîâ³ çäàòí³ ùîãîäèíè ïðîïóñêàòè äî
äåê³ëüêîõ ë³òð³â ìîðñüêî¿ âîäè, ³ñíóº âèñîêà éìîâ³ðí³ñòü ¿õíüîãî ³íô³êó-
âàííÿ íåâåëèêèìè äîçàìè çëîÿê³ñíèõ êë³òèí, ÿê³ çíàõîäÿòüñÿ ó âîä³. Ðà-
í³øå áóëî âñòàíîâëåíî, ùî ãåìîöèòè ³íô³êîâàíèõ ìîëþñê³â ìîæóòü çáå-
ð³ãàòèñÿ â ìîðñüê³é âîä³ áëèçüêî øåñòè ãîäèí [38, 18]. Òàê³ äæåðåëà
³íôåêö³¿ ç’ÿâëÿþòüñÿ â çîâí³øíüîìó ñåðåäîâèù³ ïðè òðàâìàõ, ï³ä ÷àñ ðîç-
ìíîæåííÿ àáî ï³ñëÿ çàãèáåë³ õâîðî¿ òâàðèíè.
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Âèñíîâêè

²ñíóâàííÿ ìåõàí³çìó ãîðèçîíòàëüíî¿ ïåðåäà÷³ ïóõëèí ó ìîëþñê³â ñòà-

íîâèòü çíà÷íèé ïðàêòè÷íèé ³íòåðåñ ç òî÷êè çîðó ïîð³âíÿëüíî¿ îíêîëîã³¿,

à òàêîæ ã³äðîá³îëîã³¿ òà åêîëîã³¿. Íåâèñîêà âàðò³ñòü ìîëþñê³â ³ äîáðå ðîç-

ðîáëåí³ ìåòîäè ¿õíüîãî êóëüòèâóâàííÿ îáóìîâëþþòü ïåðñïåêòèâí³ñòü

âèêîðèñòàííÿ öèõ áåçõðåáåòíèõ ÿê ìîäåëüíèõ ñèñòåì ïðè âèâ÷åíí³ åò³î-

ëîã³¿ ïóõëèííèõ ïðîöåñ³â ó õðåáåòíèõ òâàðèí ³ ëþäèíè.
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TRANSMISSIBLE TUMORS OF MARINE BIVALVE MOLLUSCS (a REVIEW)

The paper presents generalized current data confirming the possibility of tumor dise-
ases transmission between mollusks. The cases of detected neoplasms in mollusks with
characteristic signs of diseases and their occurrence are considered. Particular attention is
paid to the contagious nature of tumors: cases of horizontal infection of individuals living
in various geographically distinct areas as well as interspecific transmission of tumors and
even transmission from mollusks to representatives of other types of animals by the means
of Steamer retroelement, expression of which correlates with the presence of neoplasms,
are described. According to high level of similarity within list of structural proteins of neo-
plasms in mollusks and mammals, the authors suggest that detailed study of vector-borne
invertebrate tumors could be promising for solving the problems of oncology, biology and
agriculture.

Keywords: mollusks, transmissible tumors, Steamer retroelement, horizontal transmis-
sion of tumor, tumor contagiousness.
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