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«Îö³íêà ðîë³ ãåíåòè÷íèõ ôàêòîð³â ó ôîðìóâàíí³ òà ïå-
ðåá³ãó ë³çîñîìíèõ õâîðîá íàêîïè÷åííÿ äëÿ îïòèì³çàö³¿ 
êë³í³÷íî¿ ³ ëàáîðàòîðíî¿ ä³àãíîñòèêè öèõ çàõâîðþâàíü» 
òà âèêîíàíà íà áàç³ ÄÓ «²ÃÐÌ ÍÀÌÍ Óêðà¿íè», ¹ äåðæ. 
ðåºñòðàö³¿ 0115U003006.

Âñòóï Ìóêîïîë³ñàõàðèäîçè (ÌÏÑ) – ãåòåðîãåííà 
ãðóïà ñïàäêîâèõ ìåòàáîë³÷íèõ çàõâîðþâàíü, ÿêà â³ä-
íîñèòüñÿ äî ë³çîñîìíèõ õâîðîá íàêîïè÷åííÿ ³ îáó-
ìîâëåíà ïîðóøåííÿì ìåòàáîë³çìó ãë³êîçàì³íîãë³êàí³â 
(ÃÀÃ) â ë³çîñîìàõ êë³òèí ð³çíèõ îðãàí³â òà òêàíèí. ×àñ-
òîòà ðîçïîâñþäæåíîñò³ ÌÏÑ â ð³çíèõ ïîïóëÿö³ÿõ çíà-
õîäèòüñÿ ó ìåæàõ 1:25 000 – 1:45 000 íîâîíàðîäæåíèõ 
[14]. Íà ñüîãîäí³ âèä³ëÿþòü 7 òèï³â ÌÏÑ, êîæåí ç ÿêèõ 
îáóìîâëåíèé ãåíåòè÷íî äåòåðì³íîâàíîþ íåäîñòàòí³ñ-
òþ îäíîãî ç ë³çîñîìíèõ ôåðìåíò³â, ùî áåðóòü ó÷àñòü 
ó êàñêàäíèõ ðåàêö³ÿõ ðîçùåïëåííÿ ÃÀÃ [12]. Ðåçóëüòà-
òîì öüîãî ìåòàáîë³÷íîãî äåôåêòó º íàêîïè÷åííÿ íå-
äåãðàäîâàíèõ ÃÀÃ â òêàíèíàõ ³, ÿê íàñë³äîê, ï³äâèùåíå 
âèä³ëåííÿ ¿õ ç ñå÷åþ. Âèÿâëåííÿ öèõ ïàòîëîã³÷íèõ çì³í 
ìîæå áóòè âèêîðèñòàíî íà ïåðøîìó åòàï³ á³îõ³ì³÷íî¿ 
ä³àãíîñòèêè ìóêîïîë³ñàõàðèäîç³â äëÿ ñåëåêòèâíîãî 
ñêðèí³íãó ö³º¿ ïàòîëîã³¿ [4].

Ãë³êîçàì³íîãë³êàíè (ÃÀÃ) – öå ïîë³ìåðí³ âóãëåâîäè 
(ìóêîïîë³ñàõàðèäè), ÿê³ ñêëàäàþòüñÿ ç ïîâòîðþâàíèõ 
äèñàõàðèäíèõ ôðàãìåíò³â, äî ñêëàäó ÿêèõ âõîäÿòü 
ãåêñîçè, ãåêñîçàì³íè ³ ãåêñóðîíîâ³ êèñëîòè [6]. ÃÀÃ, 
ùî ì³ñòÿòü ãåêñóðîíîâ³ êèñëîòè, ïîä³ëÿþòü íà íåñó÷³ 
ñóëüôîãðóïè õîíäðî¿òèíñóëüôàòè, äåðìàòàíñóëüôàò, 
ãåïàðàíñóëüôàò, ãåïàðèí ³ íåñóëüôàòîâàíó ã³àëóðîíî-
âó êèñëîòó [1]. Ãë³êîçàì³íîãë³êàíè – öå îñíîâíèé êîì-
ïîíåíò íåô³áðîçíîãî ìàòðèêñó ñïîëó÷íî¿ òêàíèíè, 
â ïåðåâàæí³é á³ëüøîñò³ ïðèñóòí³é ó õðÿù³, ê³ñòêàõ, êðî-
âîíîñíèõ ñóäèíàõ, êëàïàíàõ ñåðöÿ, øê³ð³, ñóõîæèëêàõ, 
ðîã³âö³ òà, â ìåíø³é ê³ëüêîñò³, â ïå÷³íö³ òà ìîçêó [2]. 
Íàêîïè÷åííÿ ÷àñòêîâî äåãðàäîâàíèõ ÃÀÃ â ë³çîñîìàõ 
ïðèçâîäèòü äî ïîðóøåííÿ æèòòºä³ÿëüíîñò³ òà ïîñòó-
ïîâî¿ çàãèáåë³ êë³òèí ³, â³äïîâ³äíî, äî äèñôóíêö³¿ îð-
ãàí³â [13].
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Ðóéíóâàííÿ ñïîëó÷íî¿ òêàíèíè, ñïðè÷èíåíå ïà-
òîëîã³÷íèìè ïðîöåñàìè ð³çíî¿ åò³îëîã³¿, â á³ëüøîñò³ 
âèïàäê³â, ïðèçâîäèòü äî ï³äâèùåííÿ ð³âíÿ ÃÀÃ â ñå÷³ 
ëþäèíè çà ðàõóíîê ã³ïåðåêñêðåö³¿ îñíîâíîãî ìåòà-
áîë³òó ñïîëó÷íî¿ òêàíèíè – õîíäðî¿òèíñóëüôàòó (ÕÑ). 
Ïåðâèííèé ìåòàáîë³÷íèé äåôåêò ïðè ÌÏÑ ñïðè÷èíÿº 
ï³äâèùåííÿ ð³âíÿ ì³íîðíèõ ôðàêö³é ÃÀÃ â ñå÷³ – ãå-
ïàðàíñóëüôàòó (ÃÑ), êåðàòàíñóëüôàòó (ÊÑ) òà äåð-
ìàòàíñóëüôàòó (ÄÑ) â ð³çíèõ êîìá³íàö³ÿõ. Òîìó, ñàìå 
âèçíà÷åííÿ ÿê³ñíîãî ñêëàäó ÃÀÃ ñå÷³ äîçâîëÿº âèÿâè-
òè ç âèñîêîþ éìîâ³ðí³ñòþ ïàö³ºíò³â ç ÌÏÑ ñåðåä îñ³á 
ç ï³äâèùåíîþ åêñêðåö³ºþ ÃÀÃ ç ñå÷åþ, ùî çàâåðøóº 
ïðîöåäóðó ñåëåêòèâíîãî ñêðèí³íãó ö³º¿ ïàòîëîã³¿ [9]. 
Ï³äòâåðäæåííÿ ä³àãíîçó ÌÏÑ ïîòðåáóº ïðîâåäåííÿ 
ôåðìåíòàòèâíîãî äîñë³äæåííÿ ç ìåòîþ âèÿâëåííÿ 
ïåðâèííîãî á³îõ³ì³÷íîãî äåôåêòó ó ïàö³ºíòà. 

Îñíîâíèì ìåòîäîì ñåëåêòèâíîãî ñêðèí³íãó ñïàä-
êîâèõ ïîðóøåíü ñïîëó÷íî¿ òêàíèíè, äî ÿêèõ â³äíîñÿòü-
ñÿ ³ ÌÏÑ, º âèçíà÷åííÿ ð³âíÿ åêñêðåö³¿ ñóìàðíèõ ÃÀÃ 
ç ñå÷åþ òóðá³ä³ìåòðè÷íèì ìåòîäîì ç öåòèëï³ð³ä³í³óì-
õëîðèäîì (ÖÏÕ-òåñò). Áàãàòîð³÷íèé äîñâ³ä á³îõ³ì³÷-
íîãî äîñë³äæåííÿ ð³âíÿ ÃÀÃ ó ïàö³ºíò³â, ñïðÿìîâàíèõ 
íà ìåäèêî-ãåíåòè÷íå êîíñóëüòóâàííÿ ç ìåòîþ âèÿâ-
ëåííÿ ñïàäêîâèõ õâîðîá îáì³íó, ïîêàçàâ ³ñíóâàííÿ 
âåëèêî¿ ê³ëüêîñò³ õâîðèõ ç ï³äâèùåíîþ åêñêðåö³ºþ ÃÀÃ 
â ñå÷³, ùî íå ïîâ’ÿçàíà ç íàÿâí³ñòþ ìóêîïîë³ñàõàðè-
äîçó. Ó çâ’ÿçêó ç öèì âèíèêëà íåîáõ³äí³ñòü ïðîâåäåííÿ 
ðîçìåæóâàííÿ ïàòîëîã³÷íèõ ñòàí³â, ùî ñóïðîâîäæó-
þòüñÿ ï³äâèùåíîþ åêñêðåö³ºþ çàãàëüíèõ ÃÀÃ ç ñå÷åþ, 
äëÿ ðîçðîáêè îïòèìàëüíîãî àëãîðèòìó ñåëåêòèâíîãî 
ñêðèí³íãó ìóêîïîë³ñàõàðèäîç³â.

Ìåòîþ ðîáîòè áóëî âèÿâëåííÿ îñîáëèâîñòåé 
òà ðîçðîáêà îïòèìàëüíîãî àëãîðèòìó á³îõ³ì³÷íîãî ñå-
ëåêòèâíîãî ñêðèí³íãó ìóêîïîë³ñàõàðèäîç³â ó ïàö³ºíò³â 
ç Óêðà¿íè.

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Ìàòåð³àëîì äëÿ 
äîñë³äæåííÿ áóâ á³îëîã³÷íèé ìàòåð³àë (ñå÷à) ïàö³ºíò³â 
ç ð³çíèõ ðåã³îí³â Óêðà¿íè, ÿê³ îáñòåæóâàëèñü ó 2005-
2014 ðîêàõ â Ëàáîðàòîð³¿ ìåäè÷íî¿ ãåíåòèêè ÍÄÑË 
«ÎÕÌÀÒÄÈÒ» ÌÎÇ Óêðà¿íè ç ïîïåðåäí³ì ä³àãíîçîì 
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«ñïàäêîâå ïîðóøåííÿ ñïîëó÷íî¿ òêàíèíè». ßêùî äî-
ñë³äæåííÿ çðàçê³â ñå÷³ íå ïðîâîäèëîñü áåçïîñåðåäíüî 
ï³ñëÿ íàäõîäæåííÿ â ëàáîðàòîð³þ, çðàçêè çáåð³ãàëè 
ïðè -20°Ñ äî ïðîâåäåííÿ ê³ëüê³ñíîãî âèçíà÷åííÿ ÃÀÃ. 

Ð³âåíü åêñêðåö³¿ çàãàëüíèõ ÃÀÃ â ñå÷³ âèçíà÷àëè 
ç âèêîðèñòàííÿì 0.1 % ðîç÷èíó öåòèëï³ð³ä³í³óìõëî-
ðèäó â öèòðàò-öèòðàòíîìó áóôåð³ ðÍ 4,8. Îïòè÷íó 
ù³ëüí³ñòü ïðîá âèì³ðþâàëè íà ñïåêòðîôîòîìåòð³ SPE-
CORD-40 (Analytik Jena AG) ïðè äîâæèí³ õâèë³ 650 íì 
ç äîâæèíîþ îïòè÷íîãî øëÿõó 50 ìì. Êîíöåíòðàö³þ 
çàãàëüíèõ ÃÀÃ â ñå÷³ ðîçðàõîâóâàëè â îäèíèöÿõ ÖÏÕ-
ïðåöèï³òàö³¿ ó ïåðåðàõóíêó íà ãðàì êðåàòèí³íó [15].

Êðåàòèí³í ñå÷³ âèçíà÷àëè çà ê³íåòè÷íèì ìåòî-
äîì ç ëóæíèì ï³êðàòîì (ßôôå) íà àâòîìàòè÷íîìó 
á³îõ³ì³÷íîìó àíàë³çàòîð³ Cobas integra 700 (Roche 
Diagnostics).

Ôðàêö³îíóâàííÿ ÃÀÃ ïðîâîäèëè ìåòîäîì òîíêîøà-
ðîâî¿ õðîìàòîãðàô³¿ íà ïëàñòèíêàõ Silica Gel (Sorbfil) 
ç òîâùèíîþ øàðó 100 ìêì òà çåðíèñò³ñòþ 8-12 ìêì. 
Êîæåí çðàçîê îäíî÷àñíî ïðîãàíÿëè â äâîõ ñèñòå-
ìàõ ðîç÷èííèê³â: í-ïðîïàíîë:ã³äðîêñèä àìîí³þ:âîäà 
(4:6:1) òà í-ïðîïàíîë:ã³äðîêñèä àìîí³þ (1:1). Äëÿ 
ôàðáóâàííÿ ïëàñòèí âèêîðèñòîâóâàëè òîëó¿äèíîâèé 
áëàêèòíèé áàðâíèê [3]. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Íàìè áóëî îáñòåæåíî 1787 ïàö³ºíò³â ç ð³çíèõ ðåã³î-
í³â Óêðà¿íè ç ï³äîçðîþ íà íàÿâí³ñòü ïàòîëîã³¿ ñïîëó÷-
íî¿ òêàíèíè. Ïðè ³íòåðïðåòàö³¿ ðåçóëüòàò³â ÖÏÕ-òåñòó 
ó íàøèõ ïàö³ºíò³â íîðìàëüíèì ââàæàëè çíà÷åííÿ 
çàãàëüíîãî âì³ñòó ÃÀÃ â ñå÷³, ÿêå íå ïåðåâèùóº â³êî-

â³ ìåæ³, íàäàí³ ó òàáëèö³ 1. Ñåðåä îáñòåæåíèõ íàìè 
ïàö³ºíò³â áóëî âèÿâëåíî 1358 îñ³á ç íîðìàëüíèì ð³â-
íåì ÃÀÃ, ùî ñâ³ä÷èëî ïðî íåâèñîêó éìîâ³ðí³ñòü íàÿâ-
íîñò³ ó íèõ ñïàäêîâîãî ïîðóøåííÿ ñïîëó÷íî¿ òêàíèíè. 
Ó 429 îñ³á (24 %) áóëî âèÿâëåíî ð³âåíü ÃÀÃ, âèùèé çà 
â³êîâó íîðìó (ðèñ. 1). 

Ã³ïåðåêñêðåö³ÿ ÃÀÃ ç ñå÷åþ ìîæå âèíèêàòè âíà-
ñë³äîê ïàòîëîã³÷íî¿ äåãðàäàö³¿ ñïîëó÷íî¿ òêàíèíè [12]. 
Çàõâîðþâàííÿ, ÿê³ ñóïðîâîäæóþòüñÿ äåãðàäàö³ºþ 
ñïîëó÷íî¿ òêàíèíè, ìîæóòü áóòè ÿê ñïàäêîâ³ – ÌÏÑ, 
ñïàäêîâà àõîíäðîïëàç³ÿ [11], ñèíäðîì Ìàðôàíà [8], 
òàê ³ íàáóò³ – ðåâìàòî¿äíèé àðòðèò [8,10], ñêëåðîäåð-
ì³ÿ [16] òà ³íøà ïàòîëîã³ÿ, ùî ñóïðîâîäæóºòüñÿ óðà-
æåííÿì ñïîëó÷íî¿ òêàíèíè. Àëå ò³ëüêè ó õâîðèõ ç ÌÏÑ 
ã³ïåðåêñêðåö³ÿ ÃÀÃ ç ñå÷åþ îáóìîâëåíà íàÿâí³ñòþ 
ñïåöèô³÷íèõ (ïàòîëîã³÷íèõ) ôðàêö³é ÃÀÃ, à ñàìå ÊÑ, ÃÑ 
òà ÄÑ [5]. Òîìó, ïðè îòðèìàíí³ ðåçóëüòàòó âèçíà÷åííÿ 
âì³ñòó çàãàëüíèõ ÃÀÃ â ñå÷³, ÿêèé º ïîãðàíè÷íèì, àáî 
âèùèì çà â³êîâó ìåæó íîðìè, ïðîâîäèëè ïîäàëüøå 
ôðàêö³îíóâàííÿ ÃÀÃ ìåòîäîì òîíêîøàðîâî¿ õðîìà-
òîãðàô³¿ äëÿ ï³äòâåðäæåííÿ àáî âèêëþ÷åííÿ ä³àãíîçó 
ÌÏÑ. 

Ïðè âèçíà÷åíí³ ôðàêö³é ÃÀÃ, ÿê³ ñïðè÷èíèëè ï³äâè-
ùåííÿ çàãàëüíî¿ åêñêðåö³¿ öèõ ìåòàáîë³ò³â ó çðàçêàõ 
429 ïàö³ºíò³â, ó 91 îñîáè áóëî âèÿâëåíî íàÿâí³ñòü ïà-
òîëîã³÷íèõ ôðàêö³é, õàðàêòåðíèõ äëÿ ÌÏÑ (ðèñ. 1). 
Òàêèì ÷èíîì, äîëÿ ïàö³ºíò³â ç ï³äâèùåíîþ åêñêðåö³ºþ 
ïàòîëîã³÷íèõ ôðàêö³é, õàðàêòåðíèõ äëÿ ÌÏÑ, ñåðåä çà-
ãàëüíî¿ ê³ëüêîñò³ îáñòåæåíèõ, ñòàíîâèëà 5 %. Ó ðåøòè 
ïàö³ºíò³â ï³äâèùåíèé ð³âåíü çàãàëüíèõ ÃÀÃ áóâ îáóìîâ-

ëåíèé íàÿâí³ñòþ ³çîëüî-
âàíî¿ ã³ïåðåêñêðåö³¿ ÕÑ, 
ÿêà íå º ïàòîãíîìîí³÷-
íîþ äëÿ ÌÏÑ ³ ñâ³ä÷èòü 
ïðî ìàëó éìîâ³ðí³ñòü 
öüîãî çàõâîðþâàííÿ [7].

Ñë³ä çàçíà÷èòè, ùî 
ïðè äåÿêèõ òèïàõ ÌÏÑ 
îïèñàí³ âèïàäêè íåçíà-
÷íîãî ï³äâèùåííÿ, àáî 
íàâ³òü â³äñóòíîñò³ ï³äâè-
ùåííÿ åêñêðåö³¿ çàãàëü-
íèõ ÃÀÃ â ñå÷³, â òîé ÷àñ 
ÿê ÿê³ñíèé ñêëàä ÃÀÃ õà-
ðàêòåðèçóºòüñÿ íàÿâí³ñ-
òþ ïàòîëîã³÷íèõ ôðàê-
ö³é. Ñåðåä çàãàëüíî¿ 
ê³ëüêîñò³ îáñòåæåíèõ 

76 %76 % 24 %24 % 19 %19 % 5 %5 %

çðàçêè 
ç íîðìàëüíîþ 
åêñåêðåö³ºþ 
çàãàëüíèõ ÃÀÃ

çðàçêè 
ç ï³äâèùåíîþ 
åêñåêðåö³ºþ ÕÑ

çðàçêè 
ç ï³äâèùåíîþ 
åêñåêðåö³ºþ 
ÃÄ, ÄÑ àáî ÊÑ

Ðèñ. 1. Ðîçïîä³ë çðàçê³â ç ï³äâèùåíèì ð³âíåì ÃÀÃ.

Òàáëèöÿ 1

Ïîêàçíèêè âåðõíüî¿ ãðàíèö³ íîðìè çàãàëüíî¿ ê³ëüêîñò³ ÃÀÃ â ñå÷³ ó ïàö³ºíò³â ð³çíîãî â³êó 
(çà Êðàñíîïîëüñüêîþ Ê.Ä., 1983 ð.)

Â³ê
Îä. ÖÏÕ/ã 

êðåàòèí³íó
Â³ê

Îä. ÖÏÕ/ã 
êðåàòèí³íó

Â³ê
Îä. ÖÏÕ/ã 

êðåàòèí³íó
Â³ê

Îä. ÖÏÕ/ã 
êðåàòèí³íó

0-6 ì³ñ 300 4-5ð 213 9-10ð 150 14-18ð 100

6-12 ì³ñ 280 5-6ð 198 10-11ð 140 Äîðîñë³ 50

1-2 262 6-7ð 185 11-12ð 131

2-3 244 7-8ð 173 12-13 122

3-4 228 8-9ð 161 13-14 144



Â³ñíèê ïðîáëåì á³îëîã³¿ ³ ìåäèöèíè – 2015 – Âèï. 3, Òîì 2 (123) 247

íàìè îñ³á áóëî âèÿâëåíî 7 ïàö³ºíò³â ç íîðìàëüíèì 
ð³âíåì çàãàëüíèõ ÃÀÃ â ñå÷³, àëå íàÿâí³ñòþ ÿñêðàâî 
âèðàæåíèõ, õàðàêòåðíèõ êë³í³÷íèõ îçíàê ÌÏÑ. Öå îá-
óìîâèëî íåîáõ³äí³ñòü ïðîâåäåííÿ ôðàêö³îíóâàííÿ 
ÃÀÃ ïîïðè íîðìàëüí³ ïîêàçíèêè ÖÏÕ-òåñòó, ùî çàáåç-
ïå÷èëî â÷àñíó ³ òî÷íó ä³àãíîñòèêó ÌÏÑ ó öèõ âèïàä-
êàõ. Ï³ñëÿ ïîäàëüøîãî îáñòåæåííÿ ó 4 ïàö³ºíò³â áóâ 
ä³àãíîñòîâàíèé ÌÏÑ ²²² òèïó, òà ïî îäíîìó ïàö³ºíòó – 
ÌÏÑ ³ òèïó, ÌÏÑ ²² òèïó, òà ÌÏÑ IV òèïó, ùî â³äïîâ³äàº 
îïóáë³êîâàíèì ñïîñòåðåæåííÿì ïðî òå, ùî ñàìå ö³ 
çàõâîðþâàííÿ ìîæóòü ñóïðîâîäæóâàòèñü íîðìàëüíèì 
ð³âíåì çàãàëüíèõ ÃÀÃ â ñå÷³ [9].

Àíàë³ç ñïåêòðó âèÿâëåíèõ ïàòîëîã³÷íèõ ôðàê-
ö³é ÃÀÃ ìåòîäîì ÒØÕ â ñèñòåì³ ðîç÷èííèê³â 
í-ïðîïàíîë:ã³äðîêñèä àìîí³þ:âîäà (4:6:1) ïîêàçàâ, 
ùî ó 49 îñ³á (50 % ñåðåä õâîðèõ íà ÌÏÑ) áóëî âèÿâëå-
íî ïîºäíàíó åêñêðåö³þ ÃÑ òà ÄÑ, ùî õàðàêòåðíî äëÿ 
ÌÏÑ ², ²² òà VII òèï³â (òàáë. 2).

Ó 33 ïàö³ºíò³â áóëî âèÿâëåíî ³çîëüîâàíó ã³ïå-
ðåêñêðåö³þ ÃÑ (33,7 %) (ðèñ. 2), à ó 4 – ÄÑ (4 %), 
ùî õàðàêòåðíî äëÿ ÌÏÑ III òà ÌÏÑ VI òèï³â â³äïî-

â³äíî. Â ðåçóëüòàò³ ÒØÕ ÃÀÃ â ñèñòåì³ ðîç÷èííèê³â 
í-ïðîïàíîë:ã³äðîêñèä àìîí³þ (1:1), ó 12 ïàö³ºíò³â 
áóëî âèÿâëåíî ã³ïåðåêñêðåö³þ ÊÑ (12,3 %), ùî ïðèòà-
ìàííî ò³ëüêè ÌÏÑ IV òèïó (ðèñ. 3). Ñë³ä â³äì³òèòè, ùî 
ïîºäíàíà åêñêðåö³ÿ ÕÑ òà ÊÑ, õàðàêòåðíà äëÿ ÌÏÑ IV 
Ìîðê³î À, òîä³ ÿê ³çîëüîâàíà ã³ïåðåêñêðåö³ÿ ÊÑ âêàçóº 
íà âèñîêó éìîâ³ðí³ñòü ÌÏÑ IV Ìîðê³î Â.

Ó âñ³õ âèïàäêàõ âèÿâëåííÿ ã³ïåðåêñêðåö³¿ ïàòîëîã³÷-
íèõ ôðàêö³é ÃÀÃ â ñå÷³ â ïîäàëüøîìó ä³àãíîç ÌÏÑ áóëî 
ï³äòâåðäæåíî ìåòîäîì ôåðìåíòàòèâíî¿ ä³àãíîñòèêè.

Ìåòîä òîíêîøàðîâî¿ õðîìàòîãðàô³¿, ÿêèé çàñòî-
ñîâóºòüñÿ äëÿ ôðàêö³îíóâàííÿ ÃÀÃ, äîçâîëÿº â³çóà-
ë³çóâàòè íå ëèøå ïàòîãíîìîí³÷í³ äëÿ ÌÏÑ ãë³êîçàì³-

Òàáëèöÿ 2

Õàðàêòåðèñòèêè ôðàêö³é ÃÀÃ, 
âèÿâëåíèõ ó ïàö³ºíò³â 

ç ï³äòâåðäæåíèì ä³àãíîçîì ÌÏÑ

Òèï ÌÏÑ

Ôðàêö³¿ ÃÀÃ Ê³ëüê³ñòü ïàö³ºíò³â

ÕÑ ÄÑ ÃÑ ÊÑ
àáñîëþòíà 

ê³ëüê³ñòü
 %

², ²² òà VII  +  + 49 50

²²²  + 33 33,7

VI  + 4 4

IV  +  + 12 12,3

Çàãàëîì 98 100

 
Ðèñ. 2. Ôðàêö³îíóâàííÿ ÃÀÃ ìåòîäîì òîíêîøàðîâî¿ 

õðîìàòîãðàô³¿ â ñèñòåì³ ðîç÷èííèê³â 
í-ïðîïàíîë : ã³äðîêñèä àìîí³þ : âîäà (4:6:1): 

ÕÑ – õîí äðî ³ò³í ñóëüôàò, ÃÑ – ãåïàðàí ñóëüôàò, 
ÄÑ – äåðìàòàí ñóëüôàò.

Ðèñ. 3. Ôðàêö³îíóâàííÿ ÃÀÃ ìåòîäîì òîíêîøàðîâî¿ õðîìàòîãðàô³¿ 
â ñèñòåì³ ðîç÷èííèê³â í-ïðîïàíîë:ã³äðîêñèä àìîí³þ (1:1): ÕÑ – õîíäðî¿òèíñóëüôàò, ÊÑ – êåðàòàíñóëüôàò. 

Âîäíà ñèñòåìà ðîç÷èííèê³â Áåçîäíà ñèñòåìà ðîç÷èííèê³â

ÕÑ-

ÄÑ-

ÃÑ- ÊÑ-

ÌË GM 1 GM 1 Êîëàãåíî-
ïàò³ÿ

ÌË GM 1 GM 1 Êîëàãåíî-
ïàò³ÿ

ÕÑ-

ÄÑ-

ÃÑ-

ÌÑÏ ²          ÌÑÏ ²²        ÌÑÏ ²²²        Íîðìà  
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íîãë³êàíè, à é ñïîð³äíåí³ ç íèìè ìåòàáîë³òè, òàê³ ÿê 
ã³àëóðîíîâà êèñëîòà àáî ³íø³ îë³ãîñàõàðèäè. ßê ïðà-
âèëî, ö³ ðå÷îâèíè âèÿâëÿþòüñÿ ó íåâåëèêèõ ê³ëüêîñòÿõ 
³ óñêëàäíþþòü ³íòåðïðåòàö³þ ðåçóëüòàò³â, îñîáëèâî 
ó ïàö³ºíò³â ç ³íøèìè ë³çîñîìíèìè õâîðîáàìè íàêî-
ïè÷åííÿ (ËÕÍ). Êð³ì òîãî, ó ïàö³ºíò³â ç ³íøèìè ËÕÍ 
³íîä³ ìîæå ñïîñòåð³ãàòèñü íàÿâí³ñòü õàðàêòåðíèõ äëÿ 
ÌÏÑ ôðàêö³é ÃÀÃ ó íåâåëèê³é ê³ëüêîñò³ [17, 18]. Òàê, 
â çðàçêàõ ïàö³ºíò³â ç GM1-ãàíãë³îçèäîçîì íàìè ÷àñòî 
âèÿâëÿëàñü íåçíà÷íà åêñêðåö³ÿ ÊÑ. Êð³ì òîãî, ã³ïå-
ðåêñêðåö³ÿ ïîä³áíèõ äî ÃÀÃ ðå÷îâèí ³íîä³ çóñòð³÷àëàñü 
ó ïàö³ºíò³â ç ìóêîë³ï³äîçîì (ÌË) (ðèñ. 4).

Âàæëèâèì ôàêòîðîì îòðèìàííÿ äîñòîâ³ðíèõ ðå-
çóëüòàò³â ê³ëüê³ñíîãî âèçíà÷åííÿ ÃÀÃ â ñå÷³ º ïðåàíàë³-
òè÷íèé åòàï àíàë³çó, à ñàìå ÿê³ñòü çðàçêà ñå÷³ ïàö³ºí-
òà. Â³äîìî, ùî ïðè âèêîðèñòàíí³ äëÿ àíàë³çó çðàçê³â 
ñå÷³ ç ð³âíåì êðåàòèí³íó ìåíøå í³æ 0,05 ã/ë ìîæëèâå 
îòðèìàííÿ õèáíîïîçèòèâíèõ ðåçóëüòàò³â [3]. Àíàë³ç 
ïðîâåäåíèõ íàìè äîñë³äæåíü ïîêàçàâ, ùî ó 40 îñ³á, 
â ñå÷³ ÿêèõ áóëî âèÿâëåíî çíà÷íå ï³äâèùåííÿ ð³âíÿ çà-
ãàëüíèõ ÃÀÃ çà â³äñóòíîñò³ ïàòîëîã³÷íèõ ôðàêö³é (2,2 % 
â³ä çàãàëüíî¿ ê³ëüêîñò³ îáñòåæåíèõ), ð³âåíü êðåàòèí³íó 
ñå÷³ íàáëèæàâñÿ àáî áóâ ìåíøå í³æ 0,05 ã/ë. 

Òàêèì ÷èíîì, àíàë³ç ê³ëüê³ñíîãî ð³âíÿ åêñêðåö³¿ 
òà ÿê³ñíîãî ñêëàäó ãë³êîçàì³íîãë³êàí³â â ñå÷³ º çðó÷-
íèì ³ ³íôîðìàòèâíèì çàñîáîì ñåëåêòèâíîãî ñêðèí³íãó 
ÌÏÑ, ÿêèé äîçâîëÿº åôåêòèâíî â³äîêðåìèòè ïàö³ºíò³â 
ç âèñîêîþ éìîâ³ðí³ñòþ ö³º¿ ãðóïè ËÕÍ äëÿ ïîäàëüøî¿ 
ï³äòâåðäæóþ÷î¿ ä³àãíîñòèêè. Äëÿ îñòàòî÷íîãî ï³äòâåð-
äæåííÿ ä³àãíîçó ÌÏÑ ç âèçíà÷åííÿì òèïó öüîãî çàõâî-
ðþâàííÿ íåîáõ³äíî ïðîâîäèòè íîçîëîã³÷íó ä³àãíîñòèêó 
ç âèçíà÷åííÿì ïåðâèííîãî á³îõ³ì³÷íîãî (àíàë³ç àêòèâ-
íîñò³ â³äïîâ³äíîãî ë³çîñîìíîãî ôåðìåíòó) òà ãåíåòè÷-
íîãî (âèçíà÷åííÿ ìóòàö³é ó â³äïîâ³äíîìó ãåí³) äåôåêòó. 

Âèñíîâêè. 
Ïðè âèçíà÷åíí³ åêñêðåö³¿ çàãàëüíèõ ÃÀÃ ó ïàö³ºíò³â 

ç ïîïåðåäí³ì ä³àãíîçîì «ñïàäêîâå ïîðóøåííÿ ñïîëó÷-
íî¿ òêàíèíè», ã³ïåðåêñêðåö³ÿ ãë³êîçàì³íîãë³êàí³â ó ñå÷³ 
âèÿâëåíà ó 24 % â³ä çàãàëüíî¿ ê³ëüêîñò³ îáñòåæåíèõ.

Äîëÿ ïàö³ºíò³â ç ï³äâèùåíîþ åêñêðåö³ºþ ïàòîëî-
ã³÷íèõ ôðàêö³é, õàðàêòåðíèõ äëÿ ÌÏÑ, ñåðåä çàãàëüíî¿ 
ê³ëüêîñò³ îáñòåæåíèõ, ñòàíîâèëà 5 %.

Ïîºäíàíà åêñêðåö³ÿ ÃÑ òà ÄÑ âèÿâëåíà ó 50 % ïàö³-
ºíò³â, ùî õàðàêòåðíî äëÿ ÌÏÑ ², ²² òà VII òèï³â. Ó 33,7 % 
áóëî âèÿâëåíî ³çîëüîâàíó åêñêðåö³þ ÃÑ, ùî ñâ³ä÷èòü 
ïðî íàÿâí³ñòü ÌÏÑ ²²² òèïó. Ó 4 % ïàö³ºíò³â áóëî âèÿâëå-

íî ³çîëüîâàíó åêñêðåö³þ ÄÑ, òà ó 12,3 % ÊÑ, ùî õàðàê-
òåðíî äëÿ ÌÏÑ VI òà ÌÏÑ IV òèï³â â³äïîâ³äíî.

Çàâäÿêè ÒØÕ ÃÀÃ áóëî âñòàíîâëåíî, ùî ó 77 % ïà-
ö³ºíò³â ã³ïåðåêñêðåö³ÿ ÃÀÃ ó ñå÷³ îáóìîâëåíà åêñêðåö³-
ºþ ëèøå ÕÑ, ùî ðîáèòü ìàëîéìîâ³ðíèì ä³àãíîç “ìóêî-
ïîë³ñàõàðèäîç” ³ ïîòðåáóº ïîäàëüøî¿ äèôåðåíö³éíî¿ 
ä³àãíîñòèêè ïîðóøåíü ñïîëó÷íî¿ òêàíèíè.

Äâîåòàïíèé ñåëåêòèâíèé ñêðèí³íã º íåîáõ³äíèì 
äëÿ åôåêòèâíîãî âèÿâëåííÿ õâîðèõ ç âèñîêîþ éìîâ³ð-
í³ñòþ ÌÏÑ.

Ìåòîä âèçíà÷åííÿ çàãàëüíî¿ ê³ëüêîñò³ ÃÀÃ º äî-
ñòóïíèì òà íåäîðîãèì, òîìó ìîæå ïðîâîäèòèñü â îá-
ëàñíèõ ìåäèêî-ãåíåòè÷íèõ çàêëàäàõ äëÿ âèÿâëåííÿ 
ïàö³ºíò³â ç ï³äîçðîþ íà ÌÏÑ, ç ïîäàëüøèì íàïðàâ-
ëåííÿì íà ï³äòâåðäæóþ÷ó ä³àãíîñòèêó â ñïåö³àë³çîâà-
íó ëàáîðàòîð³þ.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Â ïî-
äàëüøîìó, äëÿ óòî÷íåííÿ òèïó ÌÏÑ, ïëàíóºòüñÿ ïðî-
âåäåííÿ ï³äòâåðäæóþ÷îãî åòàïó ä³àãíîñòèêè – àíàë³çó 
àêòèâíîñò³ â³äïîâ³äíîãî ë³çîñîìíîãî ôåðìåíòó. 

Ðèñ. 4. Çðàçîê ÒÑÕ ÃÀÃ ïàö³ºíò³â, ç ãèïåðåêñêðåö³ºþ ÃÀÃ 
ïðè ð³çíèõ ïàòîëîã³ÿõ, íå ïîâ’ÿçàíèõ ç ÌÏÑ 

(ÌË- ìóêîë³ï³äîç, GM1-ãàíãë³îçèäîç).
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Ìîðê³î À

ÌÏÑ IV
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ÓÄÊ 616-056.7-07
ÂÈÊÎÐÈÑÒÀÍÍß ÑÊÐÈÍÓÞ×ÈÕ Á²ÎÕ²Ì²×ÍÈÕ ÄÎÑË²ÄÆÅÍÜ ÄËß ÐÀÍÍÜÎ¯ Ä²ÀÃÍÎÑÒÈÊÈ ÌÓÊÎÏÎ-

Ë²ÑÀÕÀÐÈÄÎÇ²Â
Òðîô³ìîâà Í.Ñ., Îëüõîâè÷ Í.Â., Ãîðîâåíêî Í.Ã.
Ðåçþìå. Ìóêîïîë³ñàõàðèäîçè (ÌÏÑ) – ãåòåðîãåííà ãðóïà ñïàäêîâèõ ìåòàáîë³÷íèõ çàõâîðþâàíü, ÿêà â³ä-

íîñèòüñÿ äî ë³çîñîìíèõ õâîðîá íàêîïè÷åííÿ (ËÕÍ) ³ îáóìîâëåíà ïîðóøåííÿì ìåòàáîë³çìó ãë³êîçàì³íîãë³êàí³â 
(ÃÀÃ) â ë³çîñîìàõ êë³òèí ð³çíèõ îðãàí³â òà òêàíèí.

Ìåòîþ ðîáîòè áóëî âèÿâëåííÿ îñîáëèâîñòåé òà ðîçðîáêà îïòèìàëüíîãî àëãîðèòìó á³îõ³ì³÷íîãî ñåëåêòèâíî-
ãî ñêðèí³íãó ìóêîïîë³ñàõàðèäîç³â ó ïàö³ºíò³â ç Óêðà¿íè.

Ñåðåä îáñòåæåíèõ íàìè 1787 ïàö³ºíò³â, ç ï³äîçðîþ íà íàÿâí³ñòü ïàòîëîã³¿ ñïîëó÷íî¿ òêàíèíè, íà ïåðøîìó 
åòàï³ ñåëåêòèâíîãî ñêðèí³íãó áóëî âèÿâëåíî 429 îñ³á ç ã³ïåðåêñêðåö³ºþ ÃÀÃ. Â ðåçóëüòàò³ ïðîâåäåííÿ äðóãîãî 
åòàïó ñåëåêòèâíîãî ñêðèí³íãó, ä³àãíîç ÌÏÑ áóëî ï³äòâåðäæåíî ó 98 ïàö³ºíò³â. Ïðåäñòàâëåí³ îñîáëèâîñò³ ³íòåð-
ïðåòàö³¿ ðåçóëüòàò³â ïåðøîãî òà äðóãîãî åòàï³â ñåëåêòèâíîãî ñêðèí³íãó ÌÏÑ.

Êëþ÷îâ³ ñëîâà: ìóêîïîë³ñàõàðèäîç, ãë³êîçàì³íîãë³êàíè, ôðàêö³îíóâàííÿ ÃÀÃ.
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ÈÑÏÎËÜÇÎÂÀÍÈÅ ÑÊÐÈÍÈÐÓÞÙÈÕ ÁÈÎÕÈÌÈ×ÅÑÊÈÕ ÈÑÑËÅÄÎÂÀÍÈÉ ÄËß ÐÀÍÍÅÉ ÄÈÀÃÍÎÑ-

ÒÈÊÈ ÌÓÊÎÏÎËÈÑÀÕÀÐÈÄÎÇÎÂ
Òðîôèìîâà Í.Ñ., Îëüõîâè÷ Í.Â., Ãîðîâåíêî Í.Ã.
Ðåçþìå. Ìóêîïîëèñàõàðèäîçû (ÌÏÑ) – ãåòåðîãåííàÿ ãðóïïà íàñëåäñòâåííûõ ìåòàáîëè÷åñêèõ çàáîëåâà-

íèé, êîòîðûå îòíîñÿòñÿ ê ëèçîñîìíûì áîëåçíÿì íàêîïëåíèÿ (ËÁÍ) è âîçíèêàþò â ðåçóëüòàòå íàðóøåíèÿ ìåòà-
áîëèçìà ãëèêîçàìèíîãëèêàíîâ (ÃÀÃ) â ëèçîñîìàõ êëåòîê ðàçíûõ îðãàíîâ è òêàíåé.

Öåëüþ ðàáîòû áûëî âûÿâëåíèå îñîáåííîñòåé è ðàçðàáîòêà îïòèìàëüíîãî àëãîðèòìà áèîõèìè÷åñêîãî ñå-
ëåêòèâíîãî ñêðèíèíãà íà ÌÏÑ ó ïàöèåíòîâ èç Óêðàèíû. Ñðåäè îáñëåäîâàííûõ íàìè 1787 ïàöèåíòîâ, ñ ïîäî-
çðåíèåì íà íàëè÷èå ïàòîëîãèè ñîåäèíèòåëüíîé òêàíè, íà ïåðâîì ýòàïå ñåëåêòèâíîãî ñêðèíèíãà áûëî âûÿâëåíî 
429 ÷åëîâåê ñ ãèïåðýêñêðåöèåé ÃÀÃ. Â ðåçóëüòàòå ïðîâåäåíèÿ âòîðîãî ýòàïà ñåëåêòèâíîãî ñêðèíèíãà, äèàãíîç 
ÌÏÑ áûë ïîäòâåðæä¸í ó 98 ïàöèåíòîâ. Ïîêàçàíû îñîáåííîñòè èíòåðïðåòàöèè ðåçóëüòàòîâ ïåðâîãî è âòîðîãî 
ýòàïîâ ñåëåêòèâíîãî ñêðèíèíãà ÌÏÑ.

Êëþ÷åâûå ñëîâà: ìóêîïîëèñàõàðèäîç, ãëèêîçîàìèíîãëèêàíû, ôðàêöèîíèðîâàíèå ÃÀÃ.
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Usage of Biochemical Screening Studies in Early Diagnostics of Mucopolysaccharidosis
Trofimova N. S., Olkhovich N. V., Horovenko N. H. 
Abstract. The aim of the research was to determine the peculiarities of the optimal algorithm of biochemical selec-

tive screening of mucopolysaccharidosis in patients from Ukraine. 
Object and methods of the research. Biological material (urine) was the main material for its research. Patients 

from different regions of Ukraine were examined in the medical genetics laboratory with previous diagnosis “hereditary 
destruction of the connective tissue” from 2005 to 2014. 

Results and discussion. 1787 patients from different regions of Ukraine were examined who had the presence 
of connective tissue pathology. 1358 patients had the normal level of glycosaminoglycans that indicates a low prob-
ability that they have inherited disorder of the connective tissue. 429 patients (24 %) had higher level of glycosamino-
glycans than in developmental norm. 

Hyperexcretion of glycosaminoglycans with the urine can result from pathological destruction of the connective tis-
sue. Diseases which cause destruction of the connective tissue can be hereditary mucopolysaccharidosis such as 
hereditary achondroplasia, Marfan’s syndrome and also acquired ones such as rheumatoid arthritis, scleroderma and 
other pathologies that lead to the connective tissue destruction. But only patients with mucopolysaccharidosis’s hy-
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perexcretion of glycosaminoglycans with the urine have the presence of pathological fractions such as keratansulfate 
(KS), heparansulfate (HS) and dermatansulfate (DS). That’s why the method of the chromatography should be done 
in order to determine such diagnosis as mucopolysaccharidosis. The main factor of the accurate results of quantative 
glycosaminoglycan determination in the urine is preanalytical stage of the analysis such as the quality patient’s urine 
sample. Urine sample with the level of the creatanine which is lower than 0.05 g/l can show incorrect result. 40 patients 
were examined by us and urine sample showed the increase of glycosaminoglycan level without pathological fractions 
(2.2 % from general number of patients), the level of creatanine was lower than 0.05 g/l. 

The analysis of the excretion level and quantitative composition of glycosaminoglycans in the urine is useful and 
informative method of the selective screening of the mucopolysaccharidosis, which can determine patients who have 
lysosomal storage diseases for further diagnostics. Nosological diagnostics with primary biochemical determina-
tion (the analysis of lysomal enzyme’s activity) and genetic (the definition of the mutation in the defined gene) should be 
done in order to confirm such diagnosis as mucopolysaccharidosis. 

Conclusions. In order to determine the excretion of general number of glycosaminoglycans in patients with the pre-
vious diagnosis “hereditary destruction of the connective tissue”, hyperexcretion of glycosaminoglycans in the urine 
was revealed in 24 % from general number of patients. Among general number of patients 5 % patients were the patients 
with increased excretion of the pathological fractions which are typical for the mucopolysaccharidosis. Combined ex-
cretion of the heparansulfate and dermatansulfate was revealed in 50 % patients, which is typical for the mucopolysac-
charidosis of the I, ²² and VII types. Excretion of the heparansulfate was revealed in 33.7 % of patients which is typical 
for the mucopolysaccharidosis of the ²²² type. Excretion of the dermatansulfate was revealed in 4 % of patients and 
excretion of the keratansulfate was revealed in 12.3 % of patients. Hyperexcretion of glycosaminoglycans in the urine 
was conditioned only due chondroitinsulfate excretion. It also requires differential diagnostics of the connective tissue 
destruction. Two-step selective screening is necessary and useful method in order to determine patients with muco-
polysaccharidosis. The method of general number of glycosaminoglycans is available and inexpensive one so it can be 
done in regional medical and genetic institutions in order to determine patients with mucopolysaccharidosis with further 
examination in the specialized clinics.

Keywords: mucopolysaccharidosis, glycosaminoglycans, GAG fractioning.
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