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Íàâåäåíî äàí³ ùîäî ðîçïîâñþäæåííÿ ìóòàö³é ãåíà 
CYP21A2 (äåëåö³ÿ/êîíâåðñ³ÿ ãåíà CYP21A2, c.290-
13C>A/G, E110Vfs, I172N, êëàñòåð ìóòàö³é I236N, 
V237E, M239K, V281L, Q318X, R356W) ó ïàö³ºíò³â 
³ç Óêðà¿íè ç ð³çíèìè êë³í³÷íèìè ôîðìàìè âðîäæåíî¿ 
ã³ïåðïëàç³¿ êîðè íàäíèðíèê³â. Íàéá³ëüø ÷àñòîþ ìó-
òàö³ºþ â äîñë³äæóâàí³é ãðóï³ (27 ïàö³ºíò³â) º äåëåö³ÿ/
êîíâåðñ³ÿ ãåíà CYP21A2. Îáãîâîðþþòüñÿ ìîæëèâ³ çà-
êîíîì³ðíîñò³ ïîøèðåííÿ äîñë³äæóâàíèõ ìóòàö³é â ð³ç-
íèõ ïîïóëÿö³ÿõ ñâ³òó òà àñîö³àö³ÿ ãåíîòèïó ç êë³í³÷íèì 
ôåíîòèïîì õâîðèõ.

Êëþ÷îâ³ ñëîâà: 21-ã³äðîêñèëàçà, CYP21A2, âðîäæåíà 
ã³ïåðïëàç³ÿ êîðè íàäíèðíèê³â.

Âñòóï. Âðîäæåíà ã³ïåðïëàç³ÿ êîðè íàäíèðíè-
ê³â (ÂÃÊÍ) – ãðóïà ñïàäêîâèõ çàõâîðþâàíü ç 
àóòîñîìíî-ðåöåñèâíèì òèïîì óñïàäêóâàííÿ 
[1]. ÂÃÊÍ ïðèçâîäèòü äî äåô³öèòó ôåðìåíò³â 
21-ã³äðîêñèëàçè, 11-áåòà-ã³äðîêñèëàçè, 17-àëüôà-
ã³äðîêñèëàçè, ñòåðî¿äîãåííîãî ãîñòðîôàçíîãî 
ðåãóëÿòîðíîãî á³ëêà, 20, 22 äåñìîëàçè, ùî çà-
ëó÷åí³ äî ñèíòåçó êîðòèçîëó. 

Íåäîñòàòí³ñòü 21-ã³äðîêñèëàçè º ïðè÷èíîþ 
ïîíàä 90 % âèïàäê³â ÂÃÊÍ. ×àñòîòà çàõâî-
ðþâàííÿ íà ÂÃÊÍ, ùî ñïðè÷èíåíà íåäîñòàò-
í³ñòþ 21-ã³äðîêñèëàçè, ñòàíîâèòü 1:15000. Ïî-
ðóøåííÿ ñèíòåçó äàíîãî ôåðìåíòó çóìîâëåíî 
ìóòàö³ÿìè ó ãåí³ CYP21A2 [2]. 

Çã³äíî ç äàíèìè ñêðèí³íãó íîâîíàðîäæå-
íèõ ÷àñòîòà íîñ³éñòâà ìóòàíòíîãî àëåëÿ ãåíà 
CYP21A2 ñêëàäàº 1 íà 55 îñ³á â ïîïóëÿö³¿ çäî-
ðîâîãî íàñåëåííÿ [3,4].

Ãåí CYP21A2 òà ïñåâäîãåí CYP21A1P ëî-
êàë³çîâàí³ â ðåã³îí³ HLA êëàñó III, ùî çíà-
õîäèòüñÿ â õðîìîñîìí³é ä³ëÿíö³ 6p21.3. Íà ñüî-
ãîäí³øí³é äåíü ³äåíòèô³êîâàíî 194 ìóòàö³¿ ãå-
íà CYP21A2 [5]. Ïñåâäîãåí CYP21A1P íå êîäóº 
ôóíêö³îíàëüíèé ôåðìåíò 21-ã³äðîêñèëàçó ÷å-
ðåç íàÿâí³ñòü ó íüîìó ìóòàö³é c.290-13C>A/G, 
E110Vfs, Q318X, ÿê³ ïðèçâîäÿòü äî çñóâó ðàìêè 
ç÷èòóâàííÿ òà âèíèêíåííÿ ñòîï-êîäîíó [6].

Âàæëèâî çàçíà÷èòè, ùî ïñåâäîãåí CYP21A1P 
íà 98 % ãîìîëîã³÷íèé äî êîäóþ÷î¿ ïîñë³äîâíîñ-
ò³ ãåíà CYP21A2 òà íà 96 % äî íåêîäóþ÷î¿ [6].

Ìåòîþ ðîáîòè áóëî äîñë³äæåííÿ ðîçïîâñþ-
äæåííÿ ìóòàö³é ãåíà CYP21A2 (äåëåö³ÿ/êîí-
âåðñ³ÿ ãåíà CYP21A2, c.290-13C>A/G, E110Vfs, 
I172N, êëàñòåð ìóòàö³é I236N, V237E, M239K, 
V281L, Q318X, R356W) â ãðóï³ ïàö³ºíò³â ç ÂÃÊÍ 
ç Óêðà¿íè.

Ìàòåð³àëè òà ìåòîäè. Äîñë³äæåííÿ ìóòàö³é 
ïðîâåäåíî ñåðåä 27 ïàö³ºíò³â ³ç ÂÃÊÍ òà ¿õí³õ 
áàòüê³â ç ð³çíèõ ðåã³îí³â Óêðà¿íè. Çðàçêè ãå-
íîìíî¿ ÄÍÊ âèä³ëÿëè ç ëåéêîöèò³â ïåðèôå-
ð³éíî¿ êðîâ³ òà î÷èùàëè ç âèêîðèñòàííÿì ñòàí-
äàðòíî¿ ìåòîäèêè ôåíîëüíî-õëîðîôîðìíî¿ åêñ-
òðàêö³¿ [7]. Çã³äíî ç îñíîâíèìè íîðìàìè á³î-
åòèêè ïðî âèêîðèñòàííÿ ëþäèíè ÿê îá’ºêòà 
äîñë³äæåííÿ ³íôîðìîâàí³ çãîäè íà ïðîâåäåííÿ 
äîñë³äæåíü îòðèìàíî â³ä óñ³õ ³íäèâ³ä³â.

Ìîëåêóëÿðíî-ãåíåòè÷íèé àíàë³ç äåëåö³¿/êîí-
âåðñ³¿ ãåíà CYP21A2, òî÷êîâèõ ìóòàö³é c.290-
13C>A/G, I172N, V281L, Q318X, R356W êëàñ-
òåðó ìóòàö³é I236N, V237E, M239K òà âîñüìè-
íóêëåîòèäíî¿ äåëåö³¿ E110Vfs ïðîâåäåíî çã³äíî ç 
îïèñàíèìè ðàí³øå ìåòîäèêàìè [8].

ÏËÐ çä³éñíþâàëè â àâòîìàòè÷íîìó ðåæèì³ íà
àìïë³ô³êàòîð³ 2720 ThermalCycler («AppliedBio-
systems», ÑØÀ) ç âèêîðèñòàííÿì Long PCR 
EnzymeMix («Fermentas», Ëèòâà).

Ðåàêö³ÿ ïðîâîäèëàñü â òàêîìó ðåæèì³: äå-
íàòóðàö³ÿ 94 °Ñ – 7 õâ; 94 °Ñ – 30 ñ, 66 °Ñ – 
0,4 °Ñ êîæíèé öèêë – 30 ñ, 68 °Ñ – 6 õâ 30 ñ –
10 öèêë³â; 94 °Ñ – 30 ñ, 62 °Ñ – 30 ñ, 68 °Ñ – 
6 õâ 30 ñ + 3 ñ êîæíèé öèêë – 20 öèêë³â; ô³-
íàëüíà åëîíãàö³ÿ – 15 õâ.

Ðåàêö³éíà ñóì³ø îá’ºìîì 15 ìêë ñêëàäàëà-
ñÿ ç 1 × Long PCR Buffer, 4 ìÌ MgCl2, ïî 
300 ìêÌ êîæíîãî òðèôîñôàòó, îë³ãîíóêëåîòè-
äè – 10 ìÌ, BSA – 2 ìêã/ìë, 1 îä. àêò. Long PCR 
Enzyme Mix («Fermentas», Ëèòâà), áåòà¿í – 1 Ì.
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ïðîäóêò³â àìïë³ô³êàö³¿ ïðîâîäèëè çà äîïîìî-© Ñ.Þ. ×ÅÐÍÓØÈÍ, Ë.À. Ë²ÂØÈÖÜ, 2016

УДК 606:61, 602

АНАЛІЗ МУТАЦІЙ ГЕНА CYP21A2 У ХВОРИХ НА ВРОДЖЕНУ ГІПЕРПЛАЗІЮ 
КОРИ НАДНИРНИКІВ З УКРАЇНИ
С.Ю. ЧЕРНУШИН, Л.А. ЛІВШИЦЬ
Інститут молекулярної біології і генетики НАН України, Київ
E-mail: livshits@imbg.org.ua



ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2016. Ò. 50. ¹ 3 43

Àíàë³ç ìóòàö³é ãåíà CYP21A2 ó õâîðèõ íà âðîäæåíó ã³ïåðïëàç³þ êîðè íàäíèðíèê³â ç Óêðà¿íè

ãîþ åëåêòðîôîðåòè÷íîãî ðîçä³ëåííÿ ïðîäóêò³â 
ã³äðîë³çó àìïë³ô³êàò³â ñïåöèô³÷íèìè åíäîíóê-
ëåàçàìè ðåñòðèêö³¿ ç ïîäàëüøèì ðîçä³ëåííÿì â 
1,2%-íîìó àãàðîçíîìó ãåë³. 

Ðåçóëüòàòè äîñë³äæåíü òà îáãîâîðåííÿ. Ñå-
ðåä 27 õâîðèõ ó 26 âèÿâëåíî äîñë³äæóâàí³ ìó-
òàö³¿ ³ ó îäíîãî ìóòàö³é íå âèÿâëåíî. Â ö³é 
ãðóï³ ïàö³ºíò³â ïðîâåäåíî ø³ñòü ïðåíàòàëüíèõ 
ä³àãíîñòèê ç âèêîðèñòàííÿì àíàë³çó äåëåö³¿/êîí-
âåðñ³¿ ãåíà CYP21A2 òà ìóòàö³é c.290-13C>A/G 
³ I172N, âèÿâëåíèõ ðàí³øå â äàíèõ ðîäèíàõ. 
Â ÷îòèðüîõ âèïàäêàõ ó ïëîäà ³äåíòèô³êîâàíî 
ãåíîòèïè, ³äåíòè÷í³ äî âèÿâëåíèõ ðàí³øå ó 
ïðîáàíä³â ç â³äïîâ³äíèõ ðîäèí. Â îäíîìó ç 
âèïàäê³â ïë³ä âèÿâèâñÿ ãåòåðîçèãîòíèì íîñ³ºì 
ìóòàö³¿, à ùå â îäíîìó ïë³ä íå óñïàäêóâàâ 
³äåíòèô³êîâàíèõ ó ïðîáàíäà ìóòàö³é.

Ðåçóëüòàòè àíàë³çó ðîçïîâñþäæåííÿ äîñë³ä-
æóâàíèõ íàìè ìóòàö³é ó ïàö³ºíò³â ç Óêðà¿íè 
íàâåäåí³ â òàáëèö³. Íàéá³ëüø ÷àñòîþ âèÿâèëà-
ñÿ äåëåö³ÿ/êîíâåðñ³ÿ ãåíà CYP21A2, ÷àñòîòà 
ÿêî¿ ñòàíîâèëà 35,2 % óñ³õ ïðîàíàë³çîâàíèõ 
ìóòàíòíèõ õðîìîñîì, ïðè öüîìó ï’ÿòü ïàö³ºí-
ò³â áóëè ãîìîçèãîòàìè çà çàçíà÷åíîþ ìóòàö³ºþ, 
à ó ðåøòè âîíà âèÿâëåíà â êîìïàóíä³ ç ³íøèìè 
ìóòàö³ÿìè ãåíà CYP21A2. Äðóãîþ çà ðîçïîâñþ-

äæåííÿì âèÿâèëàñÿ ìóòàö³ÿ c.290-13C>A/G –
16,7 %. Ïðè öüîìó äâà ïàö³ºíòè áóëè ãîìîçè-
ãîòàìè, à ó ðåøòè âîíà âèÿâëåíà ó êîìïàóíä³ 
ç ³íøèìè ìóòàö³ÿìè ãåíà CYP21A2. Òðåòüîþ 
âèÿâèëàñÿ ìóòàö³ÿ Q318X. Ëèøå îäèí ïàö³ºíò 
áóâ ãîìîçèãîòîþ çà ö³ºþ ìóòàö³ºþ, à ó ðåøòè 
âîíà âèÿâëåíà ó êîìïàóíä³ ç ³íøèìè ìóòàö³-
ÿìè ãåíà CYP21A2. ×àñòîòè ìóòàö³é V281L, 
R356W, I172N, E110Vfs íå ïåðåâèùóâàëè 10 %,
òà æîäíî¿ ãîìîçèãîòè çà äàíèìè ìóòàö³ÿìè íå 
âèÿâëåíî.

×àñòîòè äåëåö³¿/êîíâåðñ³¿ ãåíà CYP21A2 òà 
ìóòàö³¿ c.290-13C>A/G áëèçüê³ äî â³äïîâ³äíèõ 
ïîêàçíèê³â â ñõ³äíîºâðîïåéñüêèõ êðà¿íàõ, çî-
êðåìà, â ×åõ³¿ [11]. Â òîé ñàìèé ÷àñ ÷àñòîòè 
ìóòàö³é Q318X (11,1 %) òà I172N (3,7 %), çíà-
÷íî â³äð³çíÿþ÷èñü â³ä ºâðîïåéñüêèõ ïîïóëÿ-
ö³é [17], º äóæå ïîä³áíèìè äî ÷àñòîò äàíèõ ìó-
òàö³é ó Òóðå÷÷èí³ (11,5 òà 4 %) [10]. 

Äåëåö³ÿ/êîíâåðñ³ÿ ãåíà CYP21A2 º íàé÷àñ-
ò³øîþ â ãðóï³ ïàö³ºíò³â, ÿêó ìè äîñë³äæóâàëè, 
òà îäí³ºþ ç íàéá³ëüø ÷àñòèõ ìóòàö³é â áàãàòüîõ 
ïîïóëÿö³ÿõ ªâðîïè ³ íàâ³òü â ßïîí³¿. Ðàçîì ç 
òèì ó ïàö³ºíò³â ç Ìåêñèêè ìóòàö³ÿ çóñòð³÷àºòüñÿ 
ç ÷àñòîòîþ ëèøå 1 %, à íàéá³ëüø ÷àñòîþ âèÿâè-
ëàñÿ ìóòàö³ÿ c.290-13C>A/G, ÿêà òàêîæ º íàéïî-

Ðîçïîâñþäæåííÿ ìóòàö³é ãåíà CYP21A2 ñåðåä ïàö³ºíò³â ç Óêðà¿í³ òà äåÿêèõ êðà¿í ªâðîïè, Àç³¿ 
òà Ï³âäåííî¿ Àìåðèêè [9–16]

Ìóòàö³ÿ
×àñòîòà ìóòàö³é, %

Óêðà¿íà ×åõ³ÿ Òóðå÷÷èíà Í³ìå÷÷èíà Í³äåðëàíäè Ô³íëÿíä³ÿ ßïîí³ÿ Ìåêñèêà

Äåëåö³ÿ/êîíâåðñ³ÿ ãåíà 
CYP21A2
c.290-13C>A/G
Q318X
V281L
R356W
I172N
E110Vfs
P30L
Êëàñòåð ìóòàö³é 
I236N, V237E, M239K
Õðîìîñîìè ç íå³äåíòè-
ô³êîâàíèìè ìóòàö³ÿ-
ìè, %

Ê³ëüê³ñòü ïðîàíàë³çî-
âàíèõ õðîìîñîì

35,2
16,7
11,1
9,3
3,7
3,7
1,9
0,0

0,0

18,5

54

38,6
24,0
3,5
9,3
3,9
11,2
1,2
3,5

0,0

4,8

508

17,0
28,5
11,5
3,5
3,5
4,0
3,0
1,0

1,0

22,0

200

27,4
30,3
4,8
2,9
4,5
19,7
1,6
2,6

1,0

1,3

310

31,9
28,1
3,5
2,2
8,4
12,4
4,3
0,3

3,0

0,0

370

40,0
12,0
2,0
3,0
-

29,0
0,0
0,0

10,0

4,0

102

18,0
29,0
0,0
1,0
13,0
13,0
0,0
0,0

5,0

26,0

102

1,0
47,0
4,3
8,5
7,4
11,7
2,1
8,5

0,0

24,0

94
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øèðåí³øîþ â ïîïóëÿö³¿ Òóðå÷÷èíè òà Í³ìå÷-
÷èíè. Ïîä³áíèé õàðàêòåð ïîøèðåííÿ ìóòàö³é 
ñåðåä ð³çíèõ åòí³÷íèõ ãðóï ìîæå ñâ³ä÷èòè íà 
êîðèñòü ¿õíüîãî ðåêóðåíòíîãî ïîõîäæåííÿ, ùî 
ìîæíà ïîÿñíèòè çà ðàõóíîê ãåííî¿ êîíâåðñ³¿ 
ì³æ ÷àñòèíàìè ïîñë³äîâíîñò³ ãåíà CYP21A2 òà 
ïñåâäîãåíà CYP21A1P.

Â íàøîìó äîñë³äæåíí³ âèçíà÷åíî de novo âè-
ïàäîê äåëåö³¿/êîíâåðñ³¿ ãåíà CYP21A2 ó ïà-
ö³ºíòà çà ãåíîòèïîì äåëåö³ÿ/êîíâåðñ³ÿ ãåíà 
CYP21A2/c.290-13C>A/G. Çà ðåçóëüòàòàìè ìî-
ëåêóëÿðíî-ãåíåòè÷íîãî àíàë³çó äàíèõ ìóòàö³é 
ó áàòüê³â ïàö³ºíòà âñòàíîâëåíî, ùî áàòüêî º
íîñ³ºì ìóòàö³¿ c.290-13C>A/G, â òîé ÷àñ ÿê ó
ìàòåð³ íå âèÿâëåíî æîäíî¿ ç äâîõ ³äåíòèô³-
êîâàíèõ ó ïðîáàíäà ìóòàö³é. Çà ðåçóëüòàòàìè
ï³äòâåðäæåííÿ á³îëîã³÷íîãî áàòüê³âñòâà/ìàòå-
ðèíñòâà ìîæíà çðîáèòè âèñíîâîê ïðî ïîõîä-
æåííÿ de novo äåëåö³¿/êîíâåðñ³¿ ãåíà CYP21A2 â 
ñòàòåâèõ êë³òèíàõ ìàòåð³.

Çà ³ñíóþ÷îþ êëàñèô³êàö³ºþ ìóòàö³¿ ãåíà 
CYP21A2 ïîä³ëÿþòüñÿ íà ÷îòèðè ãðóïè çã³äíî ç 
âñòàíîâëåíîþ in vitro çàëèøêîâîþ àêòèâí³ñòþ 
ôåðìåíòó 21-ã³äðîêñèëàçè [3]. Äî ãðóïè 0 ìó-
òàö³é, ùî ïðèçâîäÿòü äî ïîâíî¿ â³äñóòíîñò³ 
ôåðìåíòó, â³äíîñÿòü äåëåö³þ/êîíâåðñ³þ ãåíà 
CYP21A2 òà E110Vfs ³ êëàñòåð ìóòàö³é ó 6-ìó 
åêçîí³ (I236N, V237E, M239K), L307Pfs, Q318X, 
R356W. Äî ãðóïè A â³äíîñÿòü ìóòàö³þ c.290-
13C>A/G, ïðè ÿê³é ñïîñòåð³ãàþòü çàëèøêîâó 
àêòèâí³ñòü ôåðìåíòó, äî ãðóïè Â – ìóòàö³þ 
I172N, ïðè ÿê³é àêòèâí³ñòü ôåðìåíòó ñêëàäàº íå
á³ëüøå 10 % â³ä íîðìàëüíî¿. Äî ãðóïè Ñ â³äíî-
ñÿòü ìóòàö³¿ P30L, V281L, P453S, ïðè ÿêèõ àêòèâ-
í³ñòü ôåðìåíòó ñòàíîâèòü 10–75 % â³ä íîðìè. 
Ïîêàçàíî, ùî ñàìå ìóòàö³¿ ãðóïè Ñ ïðèçâîäÿòü 
äî ðîçâèòêó íåêëàñè÷íî¿ ôîðìè ÂÃÊÍ [18, 19].

Äëÿ äîñë³äæóâàíî¿ ãðóïè ïàö³ºíò³â îïèñàíî 
êë³í³÷í³ ïðîÿâè êëàñè÷íèõ ôîðì ÂÃÊÍ òà âè-
ÿâëåíî ãåíîòèïè, äî ñêëàäó ÿêèõ âõîäèëè ìóòàö³¿ 
ãðóïè 0 òà À – äåëåö³ÿ/êîíâåðñ³ÿ ãåíà CYP21A2/
Q318X, äåëåö³ÿ/êîíâåðñ³ÿ ãåíà CYP21A2/c.290-
13C>A/G, c.290-13C>A/G/c.290-13C>A/G, äå-
ëåö³ÿ/êîíâåðñ³ÿ ãåíà CYP21A2, äåëåö³ÿ/êîí-
âåðñ³ÿ ãåíà CYP21A2. Òàê³ ðåçóëüòàòè ï³äòâåð-
äæóþòü îòðèìàí³ ³íøèìè àâòîðàìè äàí³ ñòî-
ñîâíî êîðåëÿö³¿ ãåíîòèï – ôåíîòèï äëÿ êëà-
ñè÷íèõ ôîðì ÂÃÊÍ [3]. 

Ëèøå â äâîõ ç 27 ïàö³ºíò³â âèÿâëåíî íå-
êëàñè÷í³ ôîðìè çàõâîðþâàííÿ (7,4 %). Ó öèõ 

ïàö³ºíò³â âèÿâëåíî ìóòàö³þ V281L, ÿêà íàëå-
æèòü äî ãðóïè Ñ, â êîìïàóíä³ ³ç äåëåö³ºþ/êîí-
âåðñ³ºþ ãåíà CYP21A2 òà íå ³äåíòèô³êîâàíîþ 
íàìè ìóòàö³ºþ. Âàæëèâî çàçíà÷èòè, ùî â îä-
íîãî ïàö³ºíòà ç ìóòàö³ºþ V281L ñïîñòåð³ãàëîñü 
ïåðåä÷àñíå ñòàòåâå äîçð³âàííÿ.

Ðîçøèðåííÿ ñïåêòðà ìóòàö³é, ùî àíàë³çóþ-
òüñÿ, òà äîñë³äæåííÿ àñîö³àö³¿ ãåíîòèï – ôåíîòèï
äîçâîëÿòü ïîãëèáèòè íàø³ çíàííÿ ïðî ïðèðî-
äó ÂÃÊÍ ³ ïîë³ïøèòè ïðîãíîç ïåðåá³ãó çàõâî-
ðþâàííÿ òà ïåðñîí³ô³êàö³þ ë³êóâàííÿ.

Âèñíîâêè. Çà ðåçóëüòàòàìè äîñë³äæåííÿ îò-
ðèìàíî äàí³ ùîäî ðîçïîâñþäæåííÿ äåëåö³¿/
êîíâåðñ³¿ ãåíà CYP21A2, c.290-13C>A/G, Q318X, 
V281L, R356W, I172N, E110Vfs ñåðåä ïàö³ºíò³â 
ç ð³çíèìè êë³í³÷íèìè ôîðìàìè ÂÃÊÍ ç Óêðà-
¿íè. Íàéá³ëüø ÷àñòîþ â äîñë³äæóâàí³é ãðóï³ º
äåëåö³ÿ/êîíâåðñ³ÿ ãåíà CYP21A2. Çã³äíî ç ðå-
çóëüòàòàìè àíàë³çó àñîö³àö³¿ ãåíîòèï – ôåíîòèï 
ó ïàö³ºíò³â ç êëàñè÷íèìè ôîðìàìè ÂÃÊÍ âè-
ÿâëåíî òàê³ ìóòàö³¿: äåëåö³ÿ/êîíâåðñ³ÿ ãåíà 
CYP21A2, c.290-13C>A/G, Q318X òà R356W, ÿê³ 
ïðèçâîäÿòü äî ïîâíî¿ â³äñóòíîñò³ àáî çàëèø-
êîâî¿ àêòèâíîñò³ ôåðìåíòó 21-ã³äðîêñèëàçè. Â 
òîé æå ÷àñ ó ïàö³ºíò³â ç íåêëàñè÷íîþ ôîðìîþ 
çàõâîðþâàííÿ â ãåíîòèï³ âèÿâëåíî ìóòàö³þ 
V281L, ÿêà â³äíîñèòüñÿ äî ãðóïè Ñ òà ïðèçâî-
äèòü äî ñèíòåçó ôåðìåíòó íà ð³âí³ 50 %.

ANALYSIS OF CYP21A2 GENE MUTATIONS 
IN PATIENTS FROM UKRAINE 
WITH CONGENITAL ADRENAL HYPERPLASIA 

S.Yu. Chernushyn, L.A. Livshits

Institute of Molecular Biology and Genetics, Kyiv
E-mail: livshits@imbg.org.ua

In the article the data on the distribution of CYP21A2 
gene mutations (gene deletion/conversion, c.290-13C>
A/G, E110Vfs, I172N, cluster of mutations I236N, 
V237E, M239K, V281L, Q318X, R356W) among Uk-
rainian patients with congenital adrenal hyperplasia of
different clinical phenotypes are presented. The 
most common mutation in the studied group (n = 
= 27) is the CYP21A2 gene deletion/conversion. Possib-
le patterns of the studied mutations distribution in 
different populations of the world and the patients’ 
genotype – phenotype association are discussed.

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Merke, D.P., and Bornstein, S.R., Congenital adre-
nal hyperplasia, Lancet, 200, vol. 365, pp. 2125–
2136.



ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2016. Ò. 50. ¹ 3 45

Àíàë³ç ìóòàö³é ãåíà CYP21A2 ó õâîðèõ íà âðîäæåíó ã³ïåðïëàç³þ êîðè íàäíèðíèê³â ç Óêðà¿íè

2. Levine, L.S. Congenital adrenal hyperplasia, Pediatr. 
Rev., 2000, vol. 21, no. 5, pp. 159–170.

3. Baumgartner-Parzer, S.M., Nowotny, P., Heinze, G., 
Waldhäusl, W., and Vierhapper, H., Carrier frequency 
of congenital adrenal hyperplasia (21-hydroxylase 
deficiency) in a middle European population, J. 
Clin. Endocrinol. Metab., 2005, vol. 90, no. 2, 
pp. 775–778.

4. New, M.I., Extensive clinical experience: nonclassical 
21-hydroxylase deficiency, J. Clin. Endocrino. Metab.,
2006, vol. 91, no. 11, pp. 4205–4214.

5. Stenson, P.D., Ball, E.V., Mort, M., Phillips, A.D.,
Shiel, J.A., Thomas, N.S.T., Abeysinghe, S., Kraw-
czak, M., and Cooper, D,N., Human gene mutation 
database (HGMD®): 2003 update, Hum. Mutat., 
2003, vol. 21, no. 6, pp. 577–581.

6. Haider, S., Islam, B., D’Atri, V., Sgob, M., Pooja-
ri, C., Sun, L.,Yuen, T., Zaidi, M., and New, M.I., 
Structure-phenotype correlations of human CYP21A2 
mutations in congenital adrenal hyperplasia, Proc. 
Nat. Cad. Sci. USA, 2013, vol. 110, no. 7, pp. 2605–
2610.

7. Sambrook, J., Fritsch, E.F., and Maniatis, T., Mole-
cular cloning: A laboratory manual, 2nd ed., New 
York: Cold Spring Harbor Lab. Press, 1989, 1626 p.

8. Chernushyn, S.Yu, and Livshits, L.A., Analysis 
CYP21A2 gene mutations technique in patients with 
congenital adrenal hyperplasia, Biotechnol. Acta, 2014,
vol. 7, no. 1, pp. 75–79.

9. Stikkelbroeck, N.M., Hoefsloot, L.H., de Wijs, I.J.,
Otten, B.J., Hermus, A.R., and Sistermans, E.A., 
CYP21 gene mutation analysis in 198 patients with
21-hydroxylase deficiency in the Netherlands: six
novel mutations and a specific cluster of four mu-
tations, J. Clin. Endocrinol. Metabol., 2003, vol. 88, 
no. 8, pp. 3852–3859.

10. Ba , F., Kayserili, H., Darendeliler, F., Uyguner, O., 
Günöz, H., Yüksel Apak, M., Atalar, F., Bundak, R., 
Wilson, R.C., New, M.I., Wollnik, B., and Saka, N., 
CYP21A2 gene mutations in congenital adrenal hy-
perplasia: Genotype-phenotype correlation in Tur-
kish children, J. Clin. Res. Pediat. Endocrinol., 2009, 
vol. 1, no. 3, pp. 116–128.

11. Vrzalová, Z., Hrubá, Z., St’ahlová Hrabincová, E.,
Pouchlá, S., Votava, F., Kolousková, S., and Faj-
kusová, L., Identification of CYP21A2 mutant 
alleles in Czech patients with 21-hydroxylase de-
ficiency, Int. J. Mol. Med., 2010, vol. 26, no. 4, 
pp. 595–603.

12. Sadeghi, F., Yurur-Kutluay, N., Berberoglu, M., Ce-
tinkaya, E., Aycan, Z., Kara, C., Ilgin Ruhi, H., 

Ocal, G., Sklar, Z., Elhan, A,. and Tukun, A., 
Identification of frequency and distribution of the
nine most frequent mutations among patients with
21-hydroxylase deficiency in Turkey, J. Clin. Endo-
crinol. Metab., 2008, vol. 21, no. 8, pp. 781–787.

13. Krone, N., Braun, A., Roscher, A.A., Knorr, D.,
and Schwarz, H.P., Predicting phenotype in steroid 
21-hydroxylase deficiency? Comprehensive genoty-
ping in 155 unrelated, well defined patients from 
Southern Germany, J. Clin. Endocrinol. Metab., 2000,
vol. 85, no. 3, pp. 1059–1065.

14. Levo, A., and Partanen, J., Mutation-haplotype ana-
lysis of steroid 21-hydroxylase (CYP21) deficiency in
Finland. Implications for population history of de-
fective alleles, Hum. Genet., 1997, vol. 99, no. 4, 
pp. 488–497.

15. Higashi, Y., Hiromasa, T., Tanae, A., Miki. T., Na-
kura, J., Kondo, T., Ohura, T., Ogawa, E., Naka-
yama, K., and Fujii-Kuriyama. Y., Effects of indi-
vidual mutations in the P450(C21) pseudogene 
on the P-450(C21) activity and distribution in the
genomes of congenital steroid 21-hydroxylase defi-
ciency, J. Biochem. (Tokyo), 1991, vol. 109, no. 4, 
pp. 638–644.

16. Ordonez-Sanchez, M.L., Ramirez-Jimenez, S., Lo-
pez-Gutierrez, A.U., Riba, L., Gamboa-Cardiel, S., 
Cerrillo-Hinojosa, M., Altamirano-Bustamante, N., 
Calzada-Leon, R., Robles-Valdes, C., Mendoza-
Morfin, F., and Tusie-Luna, M.T., Molecular ge-
netic analysis of carrying steroid 21-hydroxylase de-
ficiency in the Mexican population: idendification 
of possible new mutations and high prevalence of 
apparent germ-line mutations, Hum. Genet., 1998, 
vol. 102, no. 2, pp. 170–177.

17. Baumgartner-Parzer, S.M., Nowotny, P., Heinze, G.,
Waldhäusl, W., and Vierhapper, H., Carrier frequen-
cy of congenital adrenal hyperplasia (21-hydroxylase 
deficiency) in a middle European population. J. 
Clin. Endocrinol. Metab., 2005, vol. 90, no. 2, 
pp. 775–778.

18. Speiser, P.W., and White, P., Congenital adrenal 
hyperplasia New England, J. Med., 2003, vol. 349, 
no. 8, pp. 776–788.

19. Charmandari, E., Eisenhofer, G., Mehlinger, S.L., 
Carlson, A., Wesley, R., Keil, M.F., Chrousos, G.P., 
New, M.I., and Merke, D.P., Adrenomedullary 
function may predict phenotype and genotype in 
classic 21-hydroxylase deficiency, J. Clin. Endocrinol. 
Metab., 2002, vol. 87, no. 7, pp. 3031–3037.

Íàä³éøëà 09.11.15



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /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 <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
  >>
  /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


