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Cardiovascular malformations are the most common type of birth defect and result in significant 
mortality worldwide. The etiology for the majority of these anomalies remains unknown but genetic 
factors are being recognized as playing an increasingly important role. Advances in our molecular 
understanding of normal heart development have led to the identification of numerous genes 
necessary for cardiac morphogenesis. This work has aided the discovery of an increasing number of 
monogenic causes of human cardiovascular malformations. More recently, studies have identified 
single nucleotide polymorphisms and submicroscopic copy number abnormalities as having a role 
in the pathogenesis of congenital heart disease. This review discusses these discoveries and 
summarizes our increasing understanding of the genetic basis of congenital heart disease. 

Over the past couple of decades, there has been a greater understanding of the molecular 
pathways regulating cardiac development. The development of gene targeting technology has 
led to the generation of a multitude of mouse models with cardiac developmental defects. These 
studies have led to the identification of numerous transcriptional regulators, signaling molecules 
and structural genes that are critical for normal cardiac morphogenesis. In addition, multiple 
genes have been identified that are controlled by these highly conserved molecular pathways. 
These investigations into the molecular mechanisms of cardiac development have assisted in 
the identification of genetic etiologies of CHD and provide evidence that many genes may have 
etiologic roles in human CHD.
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Óäèðòãàë. Ç¿ðõíèé òºðºëõèéí ãàæèã íü òºðñºíèé 
äàðààõ ýõíèé æèëä õàëäâàðò ºâ÷í¿¿äýýñ ãàäíà 
õ¿¿õäèéí íàñ áàðàëòûí òýðã¿¿ëýõ øàëòãààí 
áîëäîã [1]. Òîõèîëäîë íü àìüä òºðñºí 1000 
õ¿¿õýä òóòàìä 19-75 áàéãàà áà ¿ð çóëáàëòûí 
èõýíõ õóâèéã ýçýëæ áàéãàà íü ç¿ðõíèé òºðºëõèéí 
ãàæèã (ÇÒÃ) äýëõèé äàõèíä õ¿¿õýä íàñíû ºâ÷ëºë, 
ýíäýãäëèéí ãîëëîõ øàëòãààí ãýäãèéã õàðóóëæ 
áàéíà [2]. 

Àíàãààõ óõààíû îëîëò áà ìýñ çàñëûí äýâøèëòýò 
àõèöààñ ¿ë õàìààðàí ÇÒÃ-èéí øàëòãààí 
îäîîã õ¿ðòýë á¿ðýí òàéëáàðëàãäààã¿é áàéíà. 

Èõýíõ ñóäëàà÷äûíõààð ÇÒÃ íü ãåíåòèêèéí 
áîëîîä õ¿ðýýëýí áóé îð÷íû íºëºº çýðýã îëîí 
õ¿÷èí ç¿éëýýñ õàìààðàëòàé ãýæ ¿çäýã. ÇÒÃ íü 
óäàìøëûí, õ¿ðýýëýí áàéãàà îð÷íû íºëººëºë 
çýðýã îëîí õ¿÷èí ç¿éëýýñ õàìààðäàã áîëîõûã 
Áàëòèìîð-Âàøèíãòîíû íÿðàé ñóäëàë áîëîí 
áóñàä ñîíãîäîã ñóäàëãààíóóä îëæ òîãòîîãîîä 
áàéãàà þì [3]. Õ¿íèé ãåíîìûí äàðààëàë áà 
ìîëåêóëûí òåõíîëîãèéí îëîëò àìæèëò íü ÇÒÃ-ò 
ãåíåòèêèéí õ¿÷èí ç¿éë ãîëëîõ áàéð ñóóðü ýçýëæ 
áàéãààã óëàì á¿ð õàðóóëñààð áàéíà ¿¿ðýãòýé 
áîëæ áàéíà. 



ÌÎÍÃÎËÛÍ ÀÍÀÃÀÀÕ ÓÕÀÀÍ, 2013, 4 (166) 64

ªíãºðñºí õàãàñ çóóíä õ¿¿õäèéí ç¿ðõíèé ºâ÷íèé 
òîõèîëäîëä óäàìøëûí ¿ð íºëººëëèéí ýðñäýë 
ºíäºð áàéñíûã îëîí òîîíû æèøýýãýýð õàðóóëñàí. 
Ãåíä ÷èãëýñýí òåõíîëîãèéí õºãæëèéí ¿ð ä¿íä 
ç¿ðõíèé ãàæèã ¿¿ñýæ áàéãààã õóëãàíû îëîí 
óäààãèéí çàãâàð äýýð òóðøñàí áàéäàã. Ç¿ðõíèé 
õýâèéí ìîðôîãåíåçèä ÷óõàë áîëîõ ÿíç á¿ðèéí 
òðàíñêðèöè çîõèöóóëãà, äîõèîò ìîëåêóëóóä áà 
á¿òöèéí ãåí¿¿äèéã ýäãýýð ñóäàëãààíóóäààñ òàíèí 
ìýäñýí. Ò¿¿í÷ëýí ýäãýýð ìîëåêóëààð õÿíàãääàã 
îëîí ãåí¿¿äèéã èëð¿¿ëñýí. Ç¿ðõíèé õºãæëèéí 
ìîëåêóëûí ìåõàíèçìûí ýäãýýð ñóäàëãààíóóä 
ÇÒÃ-èéí ãåíåòèêèéí øàëòãààíûã òàíèí ìýäýõýä 
äºõºì áîëæ, õ¿íèé ÇÒÃ-èéí øàëòãààíä îëîí 
ãåí¿¿ä ¿¿ðýãòýéã íîòîëæ áàéíà. 

Èéìýýñ, àíåóïëîèä áîë ÇÒÃ-òàé õîëáîîòîé ãýæ 
áàòàëæ áàéñàí ¿åýñ ýõëýýä FISH (fluorescence-
in-situ-hybridization) ãýõ ìýò ñóáìèêðîñêîï 
òåõíèê, ò¿¿í÷ëýí ÇÒÃ-èéí øàëòãààí áîëäîã íýã 
ãåíèéí ìóòàöèéã òàíèí ìýäýõ ñ¿¿ëèéí ¿åèéí 
àðãà õ¿ðòýë ÇÒÃ-èéí ãåíåòèêèéí øàëòãààíû 
òàëààðõ ìýäëýãèéã õýðõýí õóâüñàí õºãæñºí 
òóõàé õýëýëöýõ õýðýãòýé. Ç¿ðõíèé ãåíåòèêèéí 
òàëáàðò øèíý õºãæëèéí òóõàé ÿëàíãóÿà ÇÒÃ-
èéí òºðºë á¿ðèéí ººð÷ëºëòèéí õóóëáàð áà íýã 
íóêëåîòèä ïîëèìîðôèçì õºãæèë õîîðîíäûí 
õàìààðàë äýýð òºâëºðºõ øààðäëàãàòàé.

Àíåóïëîèä áà ìèêðîäåëåöèòýé õàìààðàëòàé 
ç¿ðõíèé ãàæèã

ÇÒÃ-òàé òºðñºí èõýíõ õ¿¿õä¿¿äýä áóñàä ãàæ 
õºãæèë áàéäàãã¿é áà ÇÒÃ áóñàä ãàæ õºãæèëòýé 
õàâñàðñàí áóþó õàì øèíæ òàíèãäñàí õýñýã íü 
25-40%-èéã ýçýëäýã [4]. Ò¿¿í÷ëýí õðîìñîìûí 
ýìãýãòýé õ¿¿õä¿¿äèéí îéðîëöîîãîîð 30% íü 
ÇÒÃ-òàé áàéäàã [5]. Àíåóïëîèä áóþó õðîìñîìûí 
ýìãýã äàðààëàë ÇÒÃ-èéí ìýäýãäýõ¿éö õýñýãò 
òîîëîãääîã (Õ¿ñíýãò 1). Òðèñîì 21-òýé òºðñºí 
õ¿ì¿¿ñèéí 50% íü òîñãóóðûí áîëîí õîâäëûí 
òàñëàâ÷èéí ãàæèã, òîñãóóð-õîâäëûí ñóâàã çýðýã 
ÇÒÃ-òàé áàéäàã. Òðèñîì 13 áîë òîõèîëäîë 80% 
õ¿ðòýë èõýñíý. Îéðîëöîîãîîð Òóðíåð õàì øèíæ 
áóþó ìîíîñîì Õ-òýé ýìýãòýé÷¿¿äèéí 1/3-ä ÇÒÃ 
îíîøëîãääîã. Ãàæ õºãæèë èõýâ÷ëýí ç¿ðõíèé 
ç¿¿í òàëûí á¿òöèéã õàìàðäàã áà õî¸ð õàâòàñò 
àîðòûí õàâõëàãà, àîðòûí íàðèéñàë, ç¿¿í 
òàëûí ãèïîïëàçè õàì øèíæ, àîðòûí êîàðàêòàöè 
èõýíõäýý îíîøëîãäîíî. Êëèíåôåëòåð õàì 
øèíæòýé ýðýãòýé÷¿¿ä, 47, ÕÕÓ õ¿ì¿¿ñò ÇÒÃ-èéí 
òîõèîëäîë 50% áà àðòåðèéí áèò¿¿ðýýã¿é öîðãî, 
òîñãóóðûí òàñëàâ÷èéí ãàæèã äàâàìãàéëäàã [5]. 
Ýäãýýð áîëîí õîâîð òîõèîëäîõ õðîìñîìûí 
ãàæãóóä õðîìñîìûí G-banded êàðèîòèï ãàð÷ 
èðñíýýñ õîéø ÇÒÃ-òàé ºâ÷òºí¿¿äýä èëðýõ 
áîëñîí. 

Table 1. Common Syndromes Resulting from Anueploidy and Microdeletions

Syndrome Cardiac Anomalies
% with 
CHD

Other Clinical Features

Trisomy 13 ASD, VSD, PDA, HLHS 80%

Microcephaly, holoprosencephaly, scalp 
defects, severe mental retardation,
polydactyly, cleft lip or palate, genitourinary 
abnormalities, omphalocele,
microphthalmia

Trisomy 18
ASD, VSD, PDA, TOF, 
DORV, CoA, BAV

90-100%

Polyhydramnios, rocker-bottom feet, 
hypertonia, biliary atresia, severe
mental retardation, diaphragmatic hernia, 
omphalocele

Trisomy 21 (Down 
syndrome)

ASD, VSD, AVSD, TOF 40-50%
Hypotonia, developmental delay, palmar 
crease, epicanthal folds

Monosomy X (Turner 
syndrome)

CoA, BAV, AS, HLHS 25-35%
Short stature, shield chest with widely spaced 
nipples, webbed neck,
lymphedema, primary amenorrhea

47, XXY (Klinefelter 
syndrome)

PDA, ASD, mitral valve 
prolapse

50%
Tall stature, hypoplastic testes, delayed 
puberty, variable developmental
delay

22q11.2 deletion
(DiGeorge syndrome)

IAA type B, aortic arch 
anomalies, truncus 
arteriosus, TOF

75%

Thymic and parathyroid hypoplasia, 
immunodeficiency, low-set ears,
hypocalcemia, speech and learning disorders, 
renal anomalies

7q11.23 deletion
(Williams-Beuren 
syndrome)

Supravalvular AS, PPS 50-85%
Infantile hypercalcemia, elfin facies, social 
personality, developmental
delay, joint contractures, hearing loss
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ASD, atrial septal defect; VSD, ventricular septal 
defect; PDA, patent ductus arteriosus; HLHS, 
hypoplastic left heart syndrome; TOF, tetralogy 
of Fallot; DORV, double outlet right ventricle; 
CoA, coarctation of aorta; BAV, bicuspid aortic 
valve; AVSD, atrioventricular septal defect; IAA, 
interrupted aortic arch; AS, aortic stenosis; PPS, 
peripheral pulmonic stenosis.

FISH òåõíèê íýâòýðñíýýð õðîìñîìûí ãàæèã 
èëýðñýí õýä õýäýí õàì øèíæ æèæèã ñóáìèêðîñêîï 
õðîìñîìûí äåëåöè áà äóïëèêàöèéã èëð¿¿ëýõ 
áîëñîí (Õ¿ñíýãò 1). Õî¸ð ñîíãîäîã æèøýý áóþó 
22q11 äåëåöè õàì øèíæ áà Âèëëèàìñ-Áåóðåí 
õàì øèíæ õàìðàãääàã. 22q11 äåëåöè õàì øèíæ 
22q11.2 õðîìñîì äýýð ìèêðîñêîï äåëåöèéí 
øàëòãààíòàé, ç¿ðõíèé ãàæãèéí çýðýãöýý áàìáàéí 
áà áàìáàéí äýýðõ áóë÷èðõàéí ãèïîïëàçè, 
çàëãèóðûí íóìûí ãàæ õºãæëººñ ¿¿äñýí îíöëîã 
äèñìîðôèê í¿¿ðòýé áàéäàã [6]. Ç¿ðõíèé 
ãàæãóóäààñ îëîíòàà òîõèîëääîã íü àîðòûí íóìûí 
äóòóó õºãæèë, àðòåðèéí íýãäñýí ñòâîë, Òåòðàä 
Ôàëëî áàéäàã ãýæ ñóäàëãààãààð òîãòîîãäæýý 
[7]. Âèëëèàìñ-Áåóðåí õàì øèíæèéí ¿åä 

àîðòûí õàâõëàãûí äýýðõ áà óóøãèíû àðòåðèéí 
íàðèéñàë, çàõûí óóøãèíû àðòåðèéí íàðèéñàë, 
ò¿¿í÷ëýí æèæèãõýí í¿¿ð, íÿðàéí ãèïåðêàëüöåìè, 
áººðíèé ýìãýã, ñýòãýõ¿éí õîöðîãäîë çýðýã íü 
7q11.23 õðîìñîìûí ìèêðîäåëåöèòýé õîëáîîòîé 
áîëîõûã FISH øèíæèëãýýãýýð èëð¿¿ëñýí áàéíà 
[8]. Ýíý õàì øèíæèéí ¿åä ç¿ðõ ñóäàñíû ãàæèã 
ýëàñòèíû àëäàãäàëòàé õîëáîîòîé áàéäàã 
[9, 10]. Õýäèéãýýð FISH øèíæèëãýý õ¿÷èí 
÷àäàëòàé òåõíîëîãè ÷ ãýñýí ýìíýëç¿éí ñýæèãòýé 
òîõèîëäîëä õýðýãëýãääýã. FISH øèíæèëãýý 
ãåíîìèéí ò¿âøèíä øèíý õðîìñîìûí ýìãýãèéí 
îíîøëîãîîíä àøèãëàãääàãã¿é. 

Íýã ãåíèéí ìóòàöè

Õàì øèíæ¿¿äòýé õàìààðàëòàé íýã ãåíèéí 
ìóòàöè
Ãåíåòèêèéí òåõíîëîãèéí ñàëáàðò ãàðñàí àõèö, 
Õ¿íèé Ãåíîìûí Òºñëèéã àâ÷ õýðýãæ¿¿ëñíýýð 
ÇÒÃ-í õàì øèíæ¿¿äèéí ¿íäýñ øàëòãààí áîëæ 
áàéãàà íýã  ãåíèéí ýìãýã¿¿äèéã òàíèí ìýäýýä 
áàéãàà þì (Õ¿ñíýãò 2). 

Table 2. Common Syndrome Associated with CHD Resulting from 
Single Gene Defects

Syndrome Cardiac Anomalies Other Clinical Features Causative Gene(s)

Noonan syndrome PS with dysplastic 
pulmonary
valve, AVSD, HCM, CoA

Short stature, webbed neck, shield 
chest, developmental delay,
cryptorchidism, abnormal facies

PTPN11, KRAS, RAF1,
SOS1

Costello syndrome PS, HCM, cardiac 
conduction
abnormalities

Short stature, developmental delay, 
coarse facies, nasolabial
papillomata, increased risk of solid 
organ carcinoma

HRAS

LEOPARD syndrome PS and cardiac 
conduction
abnormalities

Lentigines, hypertelorism, abnormal 
genitalia, growth retardation,
sensorineural deafness

PTPN11, RAF1

Alagille syndrome PS, TOF, ASD, peripheral
pulmonary stenosis

Bile duct paucity, cholestasis, typical 
facies, butterfly vertebrae,
ocular anomalies, growth delay, 
hearing loss, horseshoe kidney

JAG1, NOTCH2

Marfan syndrome Aortic root dilatation and
dissection, mitral valve 
prolapse

Tall stature, arachnodactyly, pectus 
abnormality, scoliosis, ectopia
lentis, spontaneous pneumothorax, 
striae, dural ectasia

FBLN, TGFBR1, 
TGFBR2

Holt-Oram syndrome ASD, VSD, AVSD, 
progressive
AV conduction system 
disease

Preaxial radial ray malformations 
(thumb abnormalities, radial
dysplasia)

TBX5

Heterotaxy syndrome DILV, DORV, d-TGA, 
AVSD

intestinal malrotation ZIC3, CFC1

Char syndrome PDA Dysmorphic facies and digit anomalies TFAP2b

CHARGE syndrome ASD, VSD, valve defects Coloboma, choanal atresia, 
developmental delay, genital and/or
urinary anomalies

CHD7, SEMA3E
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PS, pulmonic valve stenosis; AVSD, atrioventricular septal defect; HCM, hypertrophic cardiomyopathy; 
CoA, coarctation of aorta; TOF, tetralogy of Fallot; ASD, atrial septal
defect; VSD, ventricular septal defect; AV, atrioventricular; DILV, double inlet left ventricle; DORV, 
double outlet right ventricle; TGA, transposition of the great arteries; PDA,
patent ductus arteriosus.

Õàìãèéí ò¿ð¿¿íä õèéãäñýí àæèë áîë Ìàðôàíû 
õàì øèíæèéí øàëòãààí áîëæ áàéñàí Fibrillin 1 
(FBN1) ìóòàöèéí íýýëò áàéñàí áà ýíý õàì øèíæ 
íü àîðòûí õºë äàâøèíãóé òýëýãäýæ óëìààð 
õóóëðàõ óðüä÷èëñàí íºõöºë áîëäîã, í¿äíèé 
áîëîð ìóëòðàõ, òóëãóóð ýðõòýíèé ýìãýã áàéäëààð 
èëýðäýã [11]. Óëàìæëàëò áàéðëàëûí êëîíû 
àðãà çàì áà ãàíö ôåíîòèïòýé îëîí ºðòºãäñºí 
ãèø¿¿äòýé ºðãºí õ¿ðýýíèé ñàäàí òºðëèéã ñóäëàõ 
øààðäëàãûí ¿¿äíýýñ ãåíåòèêèéí øàëòãààíû 
òóõàé àñóóäàë óðãàí ãàðñàí. Õîëò-Îðàì õàì 
øèíæ òîñãóóðûí áà õîâäëûí òàñëàâ÷èéí ãàæèã, 
äàâøèíãóé òîñãóóð-õîâäëûí äàìæóóëàëòûí 
ñèñòåìèéí ýìãýã, ñàðâóó áà ýðõèé õóðóóíû ãàæ 
õºãæëººð èëýðäýã áà TBX5 òðàíñêðèïö õ¿÷èí 
ç¿éëèéí ìóòàöèàñ ¿¿äýëòýé [12]. Àëàãèëëå õàì 
øèíæ íü JAG1 ìóòàöèàñ øàëòãààëäàã áà ýëãýí 
äîòîðõ öºñíèé õ¿¿äèé áàãà õýìæýýòýé áàéõ, 
çàõ õÿçãààðûí óóøãèíû íàðèéñàë, óóøãèíû 
õàâõëàãûí íàðèéñàë, Òåòðàä Ôàëëî çýðýã 
ç¿ðõ ñóäàñíû ãàæ õºãæë¿¿ä èëýðäýã [13, 14]. 
NOTCH ðåöåïòîð, NOTCH2 ìóòàöè Àëàãèëëå 
õàì øèíæèéí ¿åä áàñ èëýðäýã [15]. Íîîíàí õàì 
øèíæèéí ôåíîòèïò ç¿ðõíèé ãàæèã, ÿëàíãóÿà 
óóøãèíû õàâõëàãûí íàðèéñàë, ãèïåðòðîôèéí 
êàðäèîìèîïàòè, òàíèí ìýäýõ¿éí ÷àäâàðã¿é, 
ºâºðìºö öàðàéòàé áà öóñ àëäàõ ýìãýã áàãòäàã. 
PTPN11 ìóòàöèä ãåí íü Ðàñ äîõèîëîëä îðîëöäîã 

áà ýìãýã¿¿äèéí 50%-èéí øàëòãààí áîëäîã [16]. 
Îëîí ÿíçûí ñóäàëãààãààð áóñàä RAF1, SOS1, 
KRAS  çýðýã ãåíèéí ìóòàöèóä Ðàñ äîõèîëîëä 
îðîëöîæ ºâ÷èí ýìãýã ¿¿ñãýæ áàéíà [17-20]. 
Ò¿¿í÷ëýí ËÅÎÏÀÐÄ áà Êîñòåëëî õàì øèíæèéí 
¿åä Ðàñ äîõèîëëûí íºëººãººð Íîîíàí õàì 
øèíæèéí ôåíîòèïòýé òºñòýé èëýðäýã [21-24]. 

Áóñàä õàì øèíæèéí ¿åä ç¿ðõíèé òºðºëõèéí 
ãàæãèéí (ÿëàíãóÿà àðòåðèéí áèò¿¿ðýýã¿é öîðãî) 
çýðýãöýý äèñìîðôèê í¿¿ð, õóðóóíû ýìãýã¿¿ä 
TFAP2β ìóòàöèàñ øàëòãààëæ ¿¿ñäãèéã íîòîëñîí 
áàéíà [25]. Ñ¿¿ëèéí ¿åä ãåòåðîòàêñ õàì øèíæ 
áóþó ç¿ðõ, óóøãè áà õîäîîä íàðèéí ãýäýñíèé 
áàéðëàë ç¿ðõíèé òºðºëõèéí ãàæèãòàé õàâñðàõ, 
ÿëàíãóÿà òîñãóóð-õîâäëûí òàñëàâ÷èéí ãàæèã, òîì 
àðòåðèóäûí áàéðëàë ñîëèãäîõ çýðýãòýé õàâñðàí 
òîõèîëäîæ áàéíà. Ýäãýýð ýìãýã¿¿ä íü ZIC3, 
CFC1, ACVR2B, LEFTYA ìóòàöèàñ øàëòãààëñàí 
áà ãåí¿¿ä íü ¿ð õºâðºëèéí õºãæëèéí ç¿¿í-áàðóóí 
òýãø áóñ õýìèéã çîõèöóóëäàã [26].   

Õàì øèíæã¿é ç¿ðõíèé ýìãýãòýé õàìààðàëòàé 
íýã ãåíèéí ãàæèã

Ñ¿¿ëèéí ¿åä äàíãààðàà áóþó ç¿ðõíèé òºðºëõèéí 
ãàæèãòàé õàâñðààã¿é íýã ãåíèéí ìóòàöè 
ìýäýãäñýýð áàéíà (Õ¿ñíýãò 3). 

Table 3. Non-Syndromic CHD Resulting from Single Gene Defects

Cardiac Anomalies Gene
ASD, atrioventricular conduction delay, TOF,
tricuspid valve abnormalities

NKX 2.5

ASD, VSD GATA4
ASD, hypertrophic cardiomyopathy MYH6
Cardiac septation defects associated with PHTN BMPR2

Endocardial cushion defects CRELD1, ALK2
BAV, early valve calcification NOTCH1
d-TGA PROSIT-240

ASD, atrial septal defect; TOF, tetralogy of Fallot; VSD, ventricular septal defect; TGA, transposition of 
the great arteries; BAV, bicuspid aortic valve; PHTN, pulmonary hypertension

Ñóäàëãààãààð NKX2.5 ìóòàöè òîñãóóð-õîâäëûí 
äàìæóóëàëòûí óðòñàëòòàé äàí òîñãóóðûí 
òàñëàâ÷èéí ãàæèã ¿¿ñãýäýã [27]. GATA4 
ìóòàöè NKX2.5-òàé õàðèëöàí ¿éë÷èëöýëæ 
ÀÂ äàìæóóëàëòûí óðòñàëòã¿é äàí òîñãóóðûí 

òàñëàâ÷èéí ãàæèã ¿¿ñãýäýã. Ìºí GATA4 ìóòàöè 
TBX5-òàé õàðèëöàí ¿éë÷èëöýëæ ç¿ðõíèé 
òºðºëõèéí ãàæãèéã ¿¿ñãýäýã. MYH6 ìóòàöè 
òîñãóóðûí òàñëàâ÷èéí ãàæãèéí áàñ íýã øàëòãààí 
áîëæ áàéäàã [28]. MYH6 íü TBX5 áà GATA4-
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ð èäýâõæèæ, ç¿ðõíèé òàñëàâ÷èéí ãàæãèéí 
øàëòãààí áîëäîã. Õýä õýäýí ãåí òóõàéëáàë 
CRELD1, ALK2, BMPR2 [29-31] òîñãóóð õîâäëûí 
òàñëàâ÷èéí ãàæãèéã ¿¿ñãýæ áàéãàà ãåíåòèêèéí 
øàëòãààí áîëæ áàéíà. Ò¿¿í÷ëýí NOTCH1 
ìóòàöè àîðòûí õàâõëàãûí ãàæèã òóõàéëáàë 
õî¸ð õàâòàñò àîðòûí õàâõëàãà, àîðòûí õàâõëàãà 
ýðò øîõîéæèõ ýìãýãèéí øàëòãààí áîëäîã [32]. 
PROSIT240 ãåí òîì ñóäàñíóóäûí ýìãýã áàéðëàõ 
ãàæèã áóþó òîì ñóäàñíû D-õýëáýðèéí ñîëáèñîí 
áàéðëàë áà îþóíû õîìñäîë õàâñàðñàí ãàæãèéí 
¿åä îëääîã, ò¿¿í÷ëýí ýíý ãåíèéí ìóòàöèéí 
¿åä D-õýëáýðèéí ñîëáèñîí áàéðëàë äàíãààð 
÷ òîõèîëääîã [33]. Èéíõ¿¿ ýäãýýð ñóäàëãààíû 
¿ð ä¿íä ç¿ðõíèé ìîðôîëîãèä ìîëåêóëûí ýìãýã 
÷óõàë íºëººòýéã õàðóóëæ áàéíà.

Ç¿ðõíèé òºðºëõèéí ãàæãèéí ¿åèéíãåíîìûí 
ÄÍÕ-ûí ººð÷ëºãäºëò

Óäàì ç¿éí âàðèàöèéí íýã õýëáýð íü ãåíîìûí 
ÄÍÕ-ûí ººð÷ëºãäºëò (copy number variation-
CNV) áà äóíä çýðãèéí õýìæýýòýé äóáëèêàöè áà 
äåëåöèýñ á¿ðääýã áºãººä ãåíèéí òóíã ººð÷èëäºã, 
ò¿¿í÷ëýí õ¿íèé ãåíîìûí îéðîëöîîãîîð 12%-ä 
íºëººëäºã [34].

Ñåáàò íàðûí ñóäàëãààãààð àóòèçìûí ýìãýãòýé 
áà òýäíèé ýð¿¿ë òºðñºí àõ ä¿¿ä õàðüöóóëñàí 
ãåíîìûí ãèáðèäèçàöè (comparative genomic 
hybridization-CGH)-ýýð á¿õýë ãåíîìûí æàãñààëûã 
ãàðãàñàí áà ¿ð ä¿íä íü de novo ãàðñàí áîëîâ÷ 
õîâîð òîõèîëäîëä CNV àóòèçìòàé ìýäýãäýõ¿éö 
õàìààðàëòàé áàéñàí [35]. Ò¿¿í÷ëýí, òîõèîëäëûí 
1%-ä ãýð á¿ëèéí ãèø¿¿äèéí èõýíõ íü àóòèçìòàé 
õàìààðàëòàéã CGH-ààð 16ð11.2 õðîìñîìûí íýã 
áóþó õî¸ð ìèêðîäóáëèêàöè áàéãààã èëð¿¿ëñýí 
[36]. Äýýðõ àðãûã õýðýãëýí øèçîïðåíèòýé áîëîí 
õÿíàëòûí á¿ëãèéí õ¿ì¿¿ñò õèéñýí ñóäàëãààãààð 
øèçîïðåíèòýé õ¿ì¿¿ñò ìèêðîäåëåöè áà 
ìèêðîäóáëèêàöè èë¿¿ òîõèîëäîæ áàéñàí. Ýäãýýð 
CNV ìýäðýëèéí õºãæëèéí ÿâöàä îðîëöäîã áà 
øèçîïðåíè ¿¿ñýõýä îðîëöîîòîéã õàðóóëæ áàéíà 
[37, 38]. CGH-èéí æàãñààëòûã äèñìîðôèçìòàé 
õàìààðàëòàé îþóíû õîìñäîë áóþó èäèîïàòèê 
îþóíû õîìñäîëûí ñóäàëãààíä õýðýãëýñýí. Îëîí 
òîîíû ñóäàëãààíä ýìíýëç¿éí ýäãýýð ôåíîòèïòýé 
õàìààðàëòàé ýìãýã õðîìñîìûí õóóëáàðëàãäñàí 
òîîã èëð¿¿ëñýí áàéäàã áà 4-17% òîõèîëääîã [39, 
40]. 

Ç¿ðõíèé òºðºëõèéí ãàæèãòàé õ¿¿õä¿¿äèéí 
äóíä õèéñýí ñóäàëãààãààð îëîí òîîíû ç¿ðõíèé 
òºðºëõèéí ãàæãóóä CNV-òàé õîëáîîòîéã òàíèí 
ìýäñýí áàéäàã. ×àðæý õàì øèíæèéí ¿åä ãàðäàã 
øèíæ òýìäã¿¿ä 8ð21 õðîìñîì äýýð ìèêðîäåëåöè 
áîëñîíîîñ ¿¿äýëòýéã ñóäàëãààð òàíèí ìýäñýí 

[41]. Ò¿¿í÷ëýí ×àðæý õàì øèíæòýé 110 õ¿íèé 
50%-ä CHD7 ïàòîãåíèê ìóòàöè áàéãààã 
èëð¿¿ëñýí (Õ¿ñíýãò 2) [42]. 

CGH-èéí æàãñààëòûã àøèãëàí Òèåíïîíò 
íàðûí ñóäëàà÷èä ç¿ðõíèé òºðºëõèéí ãàæèãòàé, 
áóñàä òºðºëõèéí ýìãýãòýé áîëîí ñòàíäàðò 
öèòîãåíåòèêýýð õýâèéí õðîìñîìòîé 60 ºâ÷òºíä 
ñóäàëãàà ÿâóóëàõàä 30%-ä íü õîâîð CNV 
áàéãààã èëð¿¿ëñýí. ¯¿íèé çýðýãöýý ýäãýýð CNV-
èéí çàðèì íü òàíèãäñàí NKX2.5 áà NOTCH1 
ãåí àãóóëñàí áàéñàí áà èõýíõ íü òàíèãäààã¿é 
ç¿ðõíèé ãåí¿¿ä áàéñàí [43]. Çàðèì ñóäàëãààíä 
CNV íü ÇÒÃ-òàé õ¿ì¿¿ñò ÿëàíãóÿà õºãæëèéí 
õîöðîãäîë áóþó ìýäðýëèéí ýìãýãò òîõèîëääîã 
[44]. 44% íü óäàìøëûí ãàðàëòàé áà ýöýã ýõýä íü 
ÇÒÃ-èéí øèíæ òýìäýãã¿é áàéñàí ÷ CNV íü ÇÒÃ-ò 
ìýäðýã ÷àíàðûã èõýñãýäýã [45].

Ç¿ðõíèé òºðºëõèéí ãàæãèéí ¿åèéí íýã 
íóêëåîòèä ïîëèìîðôèçì

CNV-èéí çýðýãöýý íýã íóêëåîòèä ïîëèìîðôèçì 
(ÍÍÏ) ãýæ áàéäàã. ÍÍÏ-èéí ¿åä ãåíîìèéí 
íýã íóêëåîòèä ººð÷ëºãääºã [46]. ÍÍÏ íü 
ÇÒÃ ¿¿ñýõýä íºëººëäºã. Ôîëàòèéí áîäèñûí 
ñîëèëöîîíû ¿¿ðýã ÇÒÃ ¿¿ñýõýä íºëººëòýé. 
Ýõèéí ôîëàòå íýìýãäýë íü ¿ð óäìûí ìýäðýëèéí 
ãóóðñíû ýìãýãèéí òîõèîëäëûã áàãàñãàäàã 
áà èæèë ìåõàíèçìààð ÇÒÃ-èéí òîõèîëäëûã 
áóóðóóëäàã íü èëýðñýí [47]. 677 äàõü áàéðëàë 
äýýðõ ìåòèëåíåòåòðàãèäðîôîëàòå ðåäóêòàçà 
(MTHFR)-í íèéòëýã ïîëèìîðôèçì íü öèòîñèíûã 
òèìèí áîëãîæ ººð÷èëäºã áà ýíçèìèéí 
èäýâõæèëèéã áóóðóóëàõàä õ¿ðãýäýã. Ñàÿõíû 
ìåòà-àíàëèç MTHFR-í ïîëèìîðôèçìûí á¿õ 
ñóäàëãààãààð ýõ áà ¿ð óäìûí ÇÒÃ-èéí ýðñäëèéã 
èõýñãýäýã ãîìîçèãîò Ñ677Ò àëëåëü õîîðîíäûí 
õàìààðëûã ñóäëààä ¿ð ä¿íä õ¿ðýýã¿é áàéíà  
[48].

Õóëãàíû ìîäåëèéí îëîí ñóäàëãààãààð ñóäàñíû 
ýíäîòåëèéí ºñºëòèéí ôàêòîð (ÑÝªÔ) õýâèéí 
ç¿ðõ ¿¿ñýí õºãæèõºä ÷óõàë áîëîõûã õàðóóëñàí 
áàéäàã. ÑÝªÔ-èéí èäýâõæ¿¿ëýã÷ äýõ (C2578A, 
G1154A, C634G) 3 ÍÍÏ-ààð êàíäèäàò ãåíä 
ñóóðèëñàí ñóäàëãààãààð 22q11äåëåöè õàì 
øèíæèéí ººð÷ëºëò èëýðñýí áà ýíý ãàïëîòèï 
íü in vivo íºõöºëä áàãà ò¿âøèíãèéí ÑÝªÔ-òàé 
õàìààðàëòàé [49, 50]. 

Ä¿ãíýëò: Õðîìñîìûí aíåóïëîèäîîñ 
øàëòãààëñàí ç¿ðõíèé òºðºëõèéí ãàæèã, ò¿¿í÷ëýí 
äàíãààð ç¿ðõíèé òºðºëõèéí ãàæèã ¿¿ñãýäýã 
íýã ãåíèéí ººð÷ëºëò çýðýã ÿíç á¿ðèéí ç¿ðõíèé 
òºðºëõèéí ãàæèã ¿¿ñýõýä ãåíåòèê èë¿¿ íºëººëäºã. 
ÄÍÕ-ûí øèíæèëãýýíèé çàðäàë áóóðàõ òóñàì 
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áèä á¿õýë ãåíîìûí øèíæèëãýýã õèéõ áîëîìæòîé 
áîëîõ áà ýíý íü ç¿ðõíèé òºðºëõèéí ãàæãèéí 
ãåíèéí íýýëò¿¿äèéã íýìýãä¿¿ëýõ ìàãàäëàëòàé 
þì. 

Ç¿ðõíèé òºðºëõèéí ãàæèãòàé õîëáîîòîé 
ãåíåòèêèéí ýìãýã¿¿äèéã òîäîðõîéëñíîîð îëîí 
óëñûí õàìòûí ôåíîòèï ìýäýýëëèéí ñàí õºãæèæ, 
ãåíåòèêèéí øàëòãààíòàé îíîøëîãîî, ýìíýëç¿éí 
¿ð ä¿íãèéí øèíæèëãýýã õèéõ áîëîìæ îëãîíî. 

Ç¿ðõíèé òºðºëõèéí ãàæèãò ãåíåòèêèéí ¿ç¿¿ëýõ 
íºëººíèé òàëààð ìýäëýã îëîõ òóñàì ç¿ðõíèé 
òºðºëõèéí ãàæãààñ óðüä÷èëàí ñýðãèéëýõ ñòðàòåãè 
áîëîí ¿ð ä¿íãèéí óðüä÷èëñàí òîîöîîëîë óëàì 
á¿ð õºãæèæ, ýíý íü ç¿ðõíèé  òºðºëõèéí ãàæèãòàé 
õ¿¿õä¿¿ä òºðºõººñ ñýðãèéëýõ à÷ õîëáîãäîëòîé 
þì.
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