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Abstract

The study of apolipoprotein a5 gene polymorphisms in relation tolipidslevel in 
people with metabolic syndrome
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Background: Epidemiologic studies have shown a higher prevalenceof hypertriglyceridemia among 
patients with CHDthan among unaffected populations. Dozens of polymorphisms in different genesthat 
could have some effect on plasma TG levels havebeen analyzed.

The most promising results are connected withvariants within the apolipoproteins (APO) APOA1/APOC3/
APOA4 gene cluster. Transgenic mice overexpressing human apolipoprotein A5decreased plasma 
triglyceride concentrations to one-third of those in control mice; conversely, knockout mice lacking 
APOA5 had four times as much plasma triglycerides as controls.The human APOA5 gene consistsof 
4 exons and codes 369 aminoacidprotein, which is expressed almost exclusively in the liver.A minor 
allele of APOA5 (1259C, IVS3+476A and 1131C) which was independently associated with high plasma 
triglyceride levels in African-American, non Hispanic whites, Hispanic, Caucasians and Japanese were 
reported. Four polymorphisms in ApoA5 (1259T>C, IVS3+476G>A, S19W and 1131T>C) has been 
correlatedwith high TG levels in diabetic women.

Materials and Methods: 162 people with MS for case group and 144 people for control group were 
selected in this study. MS was diagnosed according to IDF criteria and serum triglyceride, total cholesterol 
and HDL levels were determined. DNA from both case and control subjects were extracted from blood 
samples (20μL) using “G-spin™ Total DNA Extraction Kit”(iNtRON Biotechnology, Inc).The genotypes 
for fourpolymorphisms of ApoA5 were determined using a combination of PCR and sequence-specific 
oligonucleotide probes.

Results: There were 304 total subjects included males 50.3% (153) and female 49.7% (151) in our study. 
The appearance of risk genotypes of 1177C>T, 1259T>C, IVS3+476G>A and 1131T>C polymorphisms 
in ApoA5 gene were higher in MS group than control group.Serum levels of triglycerides and total 
cholesterol differed significantly (p<0.001, p=0.029) among APOA5-1131T>C genotypes. 

Conclusion: TAG and TC level was higher in people with 1131T>C-CC genotype than other genotypes 
in both groups (p=0.010, p=0.001). We determined that the odds ratio for the hypertriglyceridemia was 
5.98 for ApoA5-1131T>C CC-genotype carriers.
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Óäèðòãàë: Òàðõâàð ñóäëàëûí ñóäàëãààíóóäààñ 
õàðàõàä ÇÑª-òýé õ¿ì¿¿ñò ãèïåðòðèãëèöåðèäåìèéí 
òàðõàëò  ºíäºð áàéíà. ßíç á¿ðèéí ãåíèéí õýäýí 
àðâàí õýâøèíæ¿¿ä íü èéëäñèéí òðèãëèöåðèäûí 
ò¿âøèíä íºëººëæ áîëîõûã îëîí ñóäàëãàà 

õàðóóëæ áàéíà [1]. Èõýíõ íàéäâàð òºð¿¿ëñýí 
¿ð ä¿íã¿¿ä íü àïîïðîòåéíóóäûí APOA1/C3/
A4A5 ãåíèéí êëàñòåðò áàéãàà õýâøèíæ¿¿äòýé 
õîëáîîòîé áàéíà [2]. ÀïîÀ5 ãåí íü 4 ýêçîíîîñ 
á¿ðäñýí 369 àìèí õ¿÷èë êîäëîäîã ãåí áºãººä 
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èõýíõäýý ýëãýíä óóðàã íèéëýãæ¿¿ëäýã [3]. Õ¿íèé 
AïîA5 ãåíèéã ýêñïðýñëýñýí òðàíñãåí õóëãàíóóäûí 
èéëäñèéí òðèãëèöåðèäûí ò¿âøèí õÿíàëòûí 
á¿ëãèéí õóëãàíóóäòàé õàðüöóóëàõàä 1-3 äàõèí 
áàãàñ÷ ýñðýãýýðýý AïîA5ãåí knockout áîëãîñîí 
õóëãàíóóäûí èéëäñèéí òðèãëèöåðèä íü õÿíàëòûí 
á¿ëýãòýéãýý õàðüöóóëàõàä 4 äàõèí èõ ãàðñàí 
áàéíà [3]. ÀïîA5 ãåíèéí õýâ øèíæ¿¿äèéí (1259C, 
IVS3+476A, 1131Ñ) ýðñäýëò àëëåëèóä íü Àôðèê-
Àìåðèê, Èñïàíè áóñ ãàðàëòàé öàãààí àðüñòàí, 
Èñïàíè, Êàâêàç áîëîí ßïîí÷óóäàä èéëäñèéí 
òðèãëèöåðèä (ÒÀÃ) èõñýëòòýé õàðèëöàí àäèëã¿é 
áàéäëààð õîëáîîòîé áàéíà [4-7]. Ìºí ÷èõðèéí 
øèæèí, ÁÑÕØ-òýé õ¿ì¿¿ñò ÀïîA5 ãåíèéí äýýðõ 
äºðâºí õýâ øèíæ èéëäñèéí ÒÀÃ èõñýëòòýé èë¿¿ 
õàìààðàëòàé áàéñàí áàéíà [8].

Çîðèëãî

Ñóäàëãààíä õàìðàãäñàí ýð¿¿ë áîëîí ÁÑÕØ-òýé 
õ¿ì¿¿ñò Àïîëèïîïðîòåéí À5 ãåíèéí 1177C>T, 
1259T>C, IVS3+476G>A, 1131T>C õýâ øèíæ¿¿äèéã 
òîäîðõîéëæ èéëäñèéí òðèãëèöåðèä (ÒÀÃ), íèéò 
õîëåñòåðîë (ÍÕ) áîëîí èõ íÿãòòàé ëèïîïðîòåéíû 
(ÈÍËÏ) òºâøèíòýé õîëáîí, òîõèîëäîë õÿíàëòûí 
á¿ëã¿¿äýä õàðüöóóëàí ñóäëàõ.

Çîðèëò:

1. Ñóäàëãààíä õàìðàãäñàí ýð¿¿ë áîëîí ÁÑÕØ-
òýé õ¿ì¿¿ñò Àïîëèïîïðîòåéí À5 ãåíèéí 
1177C>T,1259T>C, IVS3+476G>A, 1131T>C 
õýâ øèíæ¿¿äèéã òîäîðõîéëîõ, 

2. À5 ãåíèéí 1177C>T,1259T>C, IVS3+476G>A, 
1131T>C õýâ øèíæèéí èëðýëèéã èéëäñèéí 
òðèãëèöåðèä (ÒÀÃ), íèéò õîëåñòåðîë (ÍÕ) 
áîëîí èõ íÿãòòàé ëèïîïðîòåéíû (ÈÍËÏ) 
òºâøèíòýé õîëáîí, òîõèîëäîë õÿíàëòûí 
á¿ëã¿¿äýä õàðüöóóëàí ñóäëàõ.

Ìàòåðèàë, àðãàç¿é

Ñóäàëãààíä ÁÑÕØ-òýé 160 õ¿í, õÿíàëòûí 
á¿ëãèéí 144 õ¿í õàìðàãäñàí. ÁÑÕØ-èéã ÎÓ-
ûí äèàáåòèéí õîëáîîíû êðèòåðèéí äàãóó 
¿íýëýâ. ÝÌß-íû Àíàãààõûí ¸ñ ç¿éí õîðîîíû 
çºâøººðºëòýéãýýð ñóäàëãààíä îðîëöîã÷äîîñ 
ºëºí ¿åä âåíèéí ñóäàñíààñ 5ìë öóñ àâ÷ ÒÀÃ, 
ÍÕ, ÈÍËÏ õýìæýýã áèîõèìèéí õàãàñ àâòîìàò 
ROBONIK® àíàëèçàòîðààð òîäîðõîéëñîí. 
ÄÍÕ ÿëãàõäàà ÁÍÑÓ-ûí iNtRON Biotechnology 
êîìïàíèéí “G-spin™ Total DNA Extraction Kit” (cat.
No.1007) öîìãèéã àøèãëàí äàãàëäàõ ïðîòîêîëûí 
äàãóó ÄÍÕ-èéã ÿëãàâ.ÏÃÓ-ûã ÿâóóëàõäàà iNtRON 

Biotechnology êîìïàíèéí “Maxine PCR PreMix 
Kit”(i-Star Taq) öîìãèéã àøèãëàí ÀïîÀ5 ãåíèéí 
1177C>T, 1259T>C, 1259T>C, IVS3+476G>A, 
1131T>Cõýâ øèíæ¿¿äèéí ºâºðìºö ïðàéìåðóóä 
àøèãëàí òîäîðõîéëîâ. ÏÃÓ-ûí á¿òýýãäýõ¿¿íýý 
ºâºðìºöç¿ñýã÷ ýíçèìýýð ç¿ñýæ, 1.5-3%-èéí 
àãàðîçûí ãåëüä ã¿éëãýí, ýòèäèóìáðîìèäààð 
áóäàæ ãåëèéí çóðãèéã àâ÷ ä¿ãíýâ. Ñóäàëãààã 
Ýñèéí áèîëîãè, Áèîõèìèéí òýíõèìèéí ñóðãàëò 
ñóäàëãààíû ëàáîðàòîðèä ã¿éöýòãýâ.

Ñóäàëãààíû àæëûí ¿ð ä¿í: Ñóäàëãààíä õàìðàãäñàí 
íèéò 304 õ¿íèé 51,3% (156) íü ýðýãòýé, 48,7% 
(148) íü ýìýãòýé áàéñàí. Ñóäàëãààíä õàìðàãäñàí 
õ¿ì¿¿ñèéí ÀïîÀ5 ãåíèéí äºðâºí õýâøèíæèéí 
òîõèîëäîë, õÿíàëòûí á¿ëã¿¿ä äýõ ãåíîòèïèéí 
èëðýëèéã õàðóóëàâ (Õ¿ñíýãò1).

Table 1. Genotype frequency of ApoA5 gene 
polymorphisms incontrol and Metabolic 

Syndrome (MS) groups

ApoA5-SNPs Genotypes 
Control

%(n)
MS

%(n)

1177C>T CC 69.4% (100) 72.2% (114)
CT 27.8% (40) 22.8% (36)
TT 2.8% (4) 5.1% (8)

1259T>C TT 62.5% (90) 55.7% (88)
TC 30.6% (44) 35.4% (56)
CC 6.9% (10) 8.9% (14)

IVS3+476G>A GG 4.2% (6) 6.3% (10)
GA 68.1% (98) 63.3% (100)
AA 27.8% (40) 30.4% (48)

1131T>C TT 43.1% (62) 28.8% (46)
TC 47.2% (68) 58.8% (94)
CC 9.7% (14) 12.5% (20)

Óã ãåíèéí 1177C>T õýâ øèíæèéí ýðñäýëò àëëåëü ÒÒ, 
1259T>C-èéíõ ÑÑ, IVS3+476G>A-èéíõ ÀÀ áîëîí 
1131T>C-èéíõ ÑÑ áàéäàã íü îëîí ñóäàëãààãààð 
òîãòîîãäñîí [3]. Ýðñäýëò ãåíîòèï¿¿äèéí òîõèîëäîë 
õÿíàëòûí á¿ëýãò (1177C>T) ÒÒ-2.8%, (1259T>C) 
ÑÑ-6.9%, (IVS3+476G>A) ÀÀ-27.8%, (1131T>C) 
ÑÑ-9.7%, ÁÑÕØ-òýé á¿ëýãò (1177C>T) ÒÒ-5.1%, 
(1259T>C)ÑÑ-8.9%, (IVS3+476G>A) ÀÀ-30.4%, 
(1131T>C) ÑÑ-12.5% áóþó ÁÑÕØ-òýé õ¿ì¿¿ñò 
èë¿¿òýé èëýðñýí. 

Ñóäàëãààíä õàìðàãäàãñäûí ÀïîÀ5 ãåíèéí 
õýâøèíæèéí ãåíîòèï¿¿äèéã èéëäñèéí ÒÀÃ, ÈÍËÏ 
áîëîí ÍÕ (ìã/äë) ò¿âøèíòýé õàðüöóóëàâ (Õ¿ñíýãò 
2).
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Table2. Serum TAG, HDL and TC level(mg/dl) in relation to ApoA5-SNPs

 Genotypes  
Lipids AA AB BB p

ApoA5, 1177C>T     
TAG (mg/dl) 106.97 ± 68.83 80.66±43.29 82.13±36.43 0.222
HDL(mg/dl) 33.12 ± 12.42 37.30 ± 17.22 30.16 ± 9.77 0.222

ApoA5, 1259T>C     
TAG (mg/dl ) 108.11 ± 83.58 128.02 ± 92.36 102.02 ± 38.89 0.359

HDL(mg/dl) 33.92 ± 12.01 34.29 ± 14.42 31.67 ± 14.89 0.873

ApoA5 476G>A     
TAG (mg/dl ) 85.32 ± 55.47 123.36 ± 92.62 98.90 ± 64.08 0.169

HDL(mg/dl) 32.62 ± 11.12 33.39 ± 11.59 34.60 ± 15.16 0.827

ApoA5, 1131T>C     

TAG (mg/dl ) 93.93 ± 61.40 110.69 ± 74.82 197.60 ± 131.39 <0.001 

HDL(mg/dl) 37.33 ± 15.16 32.48 ± 12.63 31.33 ± 12.45 0.093
TC (ìã/äë) 150.19 ± 36.43 150.68 ± 37.05 175.55 ± 29.79 0.029

Ìàíàé ñóäàëãààíä ÀïîÀ5 ãåíèéí1131T>C 
õýâøèíæèéí ãåíîòèï¿¿äýä èéëäñèéí ÒÀÃ áîëîí 
ÍÕ ò¿âøèí òóñ òóñ ÿëãààòàé áàéñàí áºãººä ÑÑ 
ãåíîòèïòýé õ¿ì¿¿ñò èéëäñèéí òðèãëèöåðèä èõ 
áàéíà (p<0.001, p=0.029). Èéëäñèéí òðèãëèöåðèä 
èõñýëòèéí (ÒÀÃ>150ìã/äë) ýðñäëèéí ¿íýëãýýã 
ÀïîÀ5 ãåíèéí ãåíîòèï¿¿äýä òîîöîæ ¿çýâ 
(Õ¿ñíýãò3).

Table 3. Odds ratios of hypertriglyceridemia and 
95% confidence intervals (CI) in relation to the 
presence of different alleles of apolipoprotein 

A5 gene

Variable OR(95% CI) p

1131T>C
 (CT+TT)/

CC
  5.98 

(2.082−17.224)
0.001

1131T>C
(CC+CT)/

TT
3.52 

(1.363−9.137)
0.009

ÀïîÀ5 ãåíèéí ÑÑãåíîòèï àãóóëñàí õ¿ì¿¿ñòÑÒ 
áîëîí ÒÒãåíîòèïòýé õ¿ì¿¿ñòýé õàðüöóóëàõàä 
èéëäñèéí ÒÀÃ èõñýõ ýðñäýë 5.98, ÑÑ áîëîí ÑÒ 
ãåíîòèïòýé õ¿ì¿¿ñèéã ÒÒ ãåíîòèïòýé õ¿ì¿¿ñòýé 
õàðüöóóëàõàä ÒÀÃ èõñýõ ýðñäýë 3.52 äàõèí òóñ 
òóñèõ áàéâ.

Õýëöýìæ 

Ìàíàé ñóäàëãààíä èëýðñýí ApoA5 ãåíèéí 
1177C>T,1259T>C, IVS3+476G>A, 1131T>C õýâ 
øèíæèéí ãåíîòèï¿¿äèéí èëðýë ßïîíä [9] õèéñýí 
ñóäàëãààòàé õàðüöóóëáàë îéðîëöîî, õàðèí 
Ñîëîíãîñ [10] áîëîí Õÿòàäûí Òàéâàíä [11] õèéñýí 
ñóäàëãààíû õÿíàëòûí á¿ëýãòýé õàðüöóóëáàë  
îéðîëöîîãîîð 1.5-3 äàõèí èõ, ÁÑÕØ-òýé á¿ëýãòýé 
õàðüöóóëáàë äàðóé 2-5 äàõèí èõ áàéñàí íü ìàíàé 

õ¿í àìûí äóíä ÁÑÕ Øèíæ èë¿¿òýé òîõèîëäîõ íýã 
äîòîîä ýðñäýëò õ¿÷èí ç¿éë áàéæ áîëîõ þì. ÀïîÀ5 
ãåíèéí 1131T>C íü îëîí óëñ îðîí, ÿñòàí ¿íäýñòýíä 
ñóäëàãäñàí áàéäàã áºãººä ãàäààäûí ñóäëàà÷äûí 
¿ð ä¿íãýýñ õàðàõàä óã õýâ øèíæèéí Ñ àëëåëü íü 
èéëäñèéí ÒÀÃ èõñýëòòýé õ¿÷òýé õîëáîîòîé áàéíà 
[5, 12]. Ìàíàé ñóäàëãààíä õàìðàãäñàí Ñ àëëåëü 
àãóóëñàí õ¿ì¿¿ñò ÒÀÃ èõñýõ ýðñäýë 3.52-5.98 
äàõèí èõ áàéãàà íü  Ìîíãîë õ¿ì¿¿ñèéí ººõ òîñíû 
ñîëèëöîîíû àëäàãäëûí äîòîîä ýðñäýëò õ¿÷èí 
ç¿éë áîëæ áàéæ áîëîõ òàëòàéã õàðóóëæ áàéíà. 

Ä¿ãíýëò: 

Ñóäàëãààíä õàìðàãäñàí õ¿ì¿¿ñèéí ÀïîÀ5 ãåíèéí 
1177C>T, 1259T>C, IVS3+476G>A, 1131Ò>Ñ 
õýâøèíæ¿¿ä èéí ýðñäýëò ãåíîòèï¿¿äèéí òîõèîëäîë 
ÁÑÕØ-òýé õ¿ì¿¿ñò õÿíàëòûí á¿ëãèéí õ¿ì¿¿ñòýé 
õàðüöóóëàõàä èë¿¿òýé òîõèîëäîæ áàéíà.

1131T>C õýâøèíæ íü èéëäñèéí ÒÀÃ áîëîí ÍÕ-
òàé áóñàä õýâ øèíæ¿¿äýýñ èë¿¿ õîëáîîòîé áàéíà 
(p<0.001, p=0.029). 1131T>C-èéí CC ãåíîòèïòýé 
õ¿ì¿¿ñò ÒÀÃ áîëîí ÍÕ äóíäàæ ò¿âøèí òóñ òóñ 
ºíäºð áàéëàà (p<0.001, p=0.029). Öààøëààä 
ÀïîÀ5 ãåíèéí 1131T>C õýâ øèíæèéí C àëëåëüòàé 
õ¿ì¿¿ñò èéëäñèéí òðèãëèöåðèä èõñýõ ýðñäýë 
T àëëåëüòàé õàðüöóóëàõàä 3.52-5.98 äàõèí èõ 
áàéíà.

Òàëàðõàë

ÀØÓ¯ÈÑ-èéí ÝÇ-ÁèîÀÑ-èéí Ýñèéí áèîëîãè, 
Áèîõèìèéí òýíõèì äýýð õýðýãæñýí, “Áîäèñûí 
ñîëèëöîîíû õàìøèíæ ¿¿ñýõýä íºëººëºõ 
óäàìøëûí çàðèì õ¿÷èí ç¿éëñ: ººõ òîñíû 
ñîëèëöîîã çîõèöóóëàã÷ çàðèì ãåíèéí 
ïîëèìîðôèçìûí ñóäàëãàà” òºñºëò àæëûí 
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õ¿ðýýíä óã ñóäàëãàà õèéãäñýí áîëíî (ØÓÒÑ, 2012-
2014). 
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