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• • 

'U 'YI rlvuieJ ftl10Jl"YII:.I 

rVlQ'l.h~il..:J~: fl11~1m f)~ICJH)1 'j~1hll~Cl~~'lmm~rn'li'Cl'ln'U fll'j In~I'l'U~Clhl5m1:1'U 11 'iJ<DtI'I'll'l 

~hllim 'jlJ~l~rn'li'Cl'l n'lJfnl~ lmf)~ICJiCll 'j ~lh1!~Cl~1:1 'lmf)1hlf)hll 'YW i1'lll1l~hI~'Vl'jl'Ull,j i~ ~hI. ~ 

APOA5 1:1fl'l hh ~hI apo A-5 ~'lI1JhI hh~hI htl1~I~Vl.u'Cl'ln'UllJ\91~'UCli-i1:1lJ'\JCl'll\91'j f)~ICJiCll 'j~ 1hi 
". , 

fll'jftmnW 'l'11fll'jftmnf)1'j IL1~VhlllL1~~'Vll~~hllim 'j lJ'\J Cl~~hlAPOA51 'Wf)'W 1 'VlV.y)ijfl11~ lmf)~. 


ififll'ji,uu: f)u!~ ~i<DV'l'11fll 'j fI Cl~ 'j l11:1UhI APOA51hl'fl hll'VlV~ij fl11~ 1\91 'j f)~ICJiCll 'j ~1hI!~Cl~1:1~ mf) 
~ ~ 

" " " 
50 'jlV ('j~'f1'Ul\91'jf)~ICJiCllh~lh1!~Cl\91mf)f)r:h 10 lJ~i-illJ~/i-im (886 lJf)./\91~.] 1'l~1l~ 2 'flf~~hllL1 

I.y)V'Un'Uf)~lJ'fll'U'fllJ 59 'jlV 

Exon 2 

Exon 3 

Exon 3 

Exon 4 

Exon 4 

Intron 2 

1'U 1:1 

c.-3A>G 

(rs65 1821) 

c.56C>G 

(rs3135506) 

c.132C>A 

(rs 12287066) 

c.457G>A 

(rs3135507) 

c.553G>T 

(rs2075291) 

IYS2-7T>C 

(c.50-7T>C) 

fll'j ILl~vhI 

f))~Cl~mhl 

Kozac 

sequence 

Serl9Trp 

I1e44I1e 

Yal153Met 

Glyl85Cys 

I'flV~'U 

, 
m f) Clhl 

I'flV 

I'flV 

I'flV 

I'flV 

IrW 

~lhllh1 

P value 

(n=50) (n=59) 

41 (82%) 18 (31 %) <0.000 I 

2 (4%) o 0.208 

2 (4%) o 0.208 

6 (12%) 12 (20%) 0.305 

15 (30%) o <0.0001 

1 (2%) o 0.459 

jI I V I 

tl1.u: fll'jffmnW 'V-I'Ufll'j ILl~VhI!ILlc\~'Vll~~hI'~f))'jlJ'\JCl~UhI APOA5 vl~.y) ijll~~ 111ijfll'j 'jlVHI:Jm 

, .d ,,;. ,J ~ 11] ~.d d 11] d 11]"'9 '" 
f)Cl'W f)11lJ'lif)'VlI'V-IlJ'\JhI'\JCl~ c.-3A>G IW~ c.553G>T bhl'flhl b'U'VllJfl11~ b\91'jf)~ICJiCl b'j~ b'WI~Cl~~'l 

q ~ 



Objective Severe hypertriglyceridemia is associated with an increase risk for acute pancreatitis. 


Genetic determinants of severe hypeliriglyceridemia in Thai subjects are incompletely understood. 


APOA5 gene, encoding apo A-5, is a newly discovered gene implicated in triglyceride metabolism. 


In this study, we examined genetic variations in the APOA5 gene in Thai subjects with severe 


hypertriglyceridemia. 


Materials and Methods The coding region and exon-intron junctions of the APOA5 gene were 


examined by sequencing in 50 Thai subjects with severe hypertriglyceridemia (triglyceride [TG] 


levels more than 10 mmollL [886 mg/dL] on 2:2 occasions) and 59 controls. 


Results We identified 6 variants in the APOA5 gene as shown below. 


Location Change of 

base 

Amino acid 

change 

Known 

or 

novel 

Number of subjects Associa­

tion 

with TG 

Case 

(n=50) 

Control 

(n=59) 

P value 

Exon 2 c.-3A>G 

(rs651821) 

Kozac 

sequence 

Known 41 (82%) 18 (31%) <0.0001 Yes 

Exon 3 c.56C>G 

(rs3135506) 

Serl9Trp Known 2 (4%) 0 0.208 Yes 

Exon 3 c.132C>A 

(rs 12287066) 

I1e44I1e Known 2 (4%) 0 0.208 No 

Exon 4 c.457G>A 

(rs3135507) 

Va1l53Met Known 6 (12%) 12 (20%) 0.305 No 

Exon 4 c.553G>T 

(rs2075291) 

Glyl85Cys Known 15 (30%) 0 <0.0001 Yes 

Intron 2 IVS2-7T>C 

(c.50-7T>C) 

- Novel 1(2%) 0 0.459 Not 

known 

Conclusion Both known and novel variants in the APOA5 gene were identified. Increased 

prevalence of c.-3A>G and c.553G>T variants in the severe hypertriglyceridemic group may 

contribute to this phenotype in Thai subjects. 
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hll1\9l~\l1l'fl~ hflliJ11111'W e)'Wu11tJ~m1:IJ1~t'J\l~ tlf1l'Hn'fl1 1fl11'fltl'fll~tl'flII'fl~111111 

1\9l'jf)~IC1ltl1 1~ (triglyceride) 1~'W 1 'UlJ'W~I~'Wll11 ~\l'l"Hr\l\l1'W~rl1rl~'Utl\l ~1\l f1ltlll'fl~I~'W 

ri1'WtJ1~f)tl'U'Utl\l tl'\ifllfl1 'UlJ'W 1'Wl~tl'fl~l~ tlf)11 lipoprotein 'l5tJ'fI~1\l11'f1t'JlQ'W1~ chylomicron 1l'fl~ 
" very low density lipoprotein (VLDL) 1~1'1'U1mf)~IC1ltl11~1'Wl~tl'fltJf)miJfl:IJ<fi''';)(J'tJ'il,yt'J~1\l1 'I1\l'YI1\l 

~'W1l m1:IJ1l'fl~~\l111'f1~tl:IJ m ~iJ1'Wf1l1 rltlt'Jff'fl1t'J 1\9l1f)~IC1ltl11~1'W1~V'fI hrltJ~tI'W free fatty acid 

11'fl~N1'W1~1~IC1l'flrl'l'v;tlU11tJl~I~'W'W~\l\l1'WJ'W tll~tl1:I'iJ ,yt'J~1\l111 'fl1tl'l5tJ'fI ~\lltl'W 1C11lf~~ri1'W 
rl1rl~~~'fI fltlltl'U1C11lf lipoprotein lipase ~\lI~'U 1tJ1~'W~tl~iJ'W~1'Utl\l endothelial cell f1l1vl1\l1'W 

" . 
'" 'j) '" '" 1" I "" 9 """"'Utl\llipoprotein lipase 'U'U \9ltl\ltllf1'tJ cofactor fltl lJ1\9l'U apolipoprotein C-II (apo C-II) ~'Wfl'W'Vl:IJ 

"" "I "" '" 9 'j) '" "I "" "1"'9 '" I 2 0m1:IJrl'fllJf)\9l'Utl\l lipoprotein lipase 111tl apo C-II 'Vl1 m1~'fIiJ ~mf)'flIC1ltl !1'f1 ~'UI'fltl'fl~\l:lJlf) . 

National Cholesterol Education Program-Adult Treatment Panel III (NCEP-ATP III) 

. " 
nl11'U'fI111~l'1iJ!\9l'jf)~IC1ltl11~tJf)~ fl11\9l1f)11 150 1Jf)./'fI'fl. 3 mf)~\lf)lltT'W ,y'fl11~fll1~fll1~1m 

f)~IC1ltl11~1'Ul~tl'fl~\l (hypertriglyceridemia) fll1~1'1\lf)~11 'WiJ 1<fi''l.Jtlt'Jl 'Wfl'U 1 ~~\ltllQ 1'Ufl'W 1~ 
" 

U1'W M~\lll 'fl~~fl'".ll:IJ ifm~''U1rniJf1l1 In'fl1 1fl~1\l1 1 1:IJ'I1\l hfl11'fltl'fll~tl'flll'fl~1111 'il ll'fl~l'1m)'O'U 

amffiJlQ tliJ'W~'W 4 ~tl:IJ 'fl f1l1 ftmntJ 'il,yt'Jl~t'J\l'U tl\l h fl11 'fltl'fll ~V 'fI1l'fl~ 111h l'U tJ 1~'l51 m 1 'Vltltlltl 
~ q 

:IJlf)f)11 351J~1'U1'U 5,305 fl'U'il1f)f1l1ftmn InterASIA 5 'WiJl11~l'1iJfltll'flm'Vltl1'O'fl11:IJlQ~tll'vhniJ 
9 'j) I '" 9 'j) "" '" 

194 :lJf)./'fI'fl. ~'Ur;j'l51t'Jl1'fl~1'Vl1f)iJ 207 :lJf)./'fI'fl. !'W~11~\l 'j~'fIiJ high-density lipoprotein (HDL)-

cholesterollQ~t'J!'vilniJ 43 :lJf)./'fI'fl.1'W~'l51tlllTI~I'YhniJ 46 :lJf)./'fITI.l'U~mlJ\l tlv1\l11nm:IJ 1~'W~hi1 
~ ~ u 

if\l1f)\9l111 ~1'1iJ 1\91 'jf)~ IC1ltl1 1 ~lQ ~ tJ1'U tJ 1~'l51m ~ftmnl '1111 niJ 183 :lJf) .I'fI'fl.l 'W ~'l51l'H1 'fl~I'YilniJ 147 

:lJf) ./'fI'fl.l 'U ~mlJ\l 1'fI t'Jfl'U~ tl rll 'U1'U\91 'l5'U iJ'YI 'WiJ11ih ~ 1'1iJ 1m f)~ IC1ltl1 1 ~ff \l~'W1tJ flf)ftVl'vh niJ 190 
'U u cu <u 

1~'lJ111 ~1'1iJ 1\91 1 f) ~ IC1ltl1 1 ~tJf)~flmrtltlf)ll 150 :IJ f)./'fl 'fl. 'il~'WiJ 11ii tJ 1~'l51m1 'Vl t'J~rl1lQ ~ tJ'Utl\l 

1~1'1iJ '1 \91 1 f) ~ IC1Itl1 1 ~ff \l f) 11 tJ f)~~1'U 1'U:IJl f)
~ 



" 
 . 
!!~'hiJ 'il,)f.n1.:J'Vll.:J ~'Hn~~tJlJ!!t'l~Vl1.:J~'t.J 11 m 'j lJ~ l.:JlJ ri 'J'W ~ tJ 'j ~19l'IJ II'l 'j fl~ lCJm 1 H1'i-W l~tl~. 

. " 
1] 'il,)f.J'YI1.:J~'t.J 11m 'j lJVibYlflWl-W fll'j lfi~fIl1~1m fl~lCUtl1 'j~l-W~ tl~(1' .:JlJlfltJ'Wv.:JlJfll'j~mJll~lJlfl

• u <u 

'" , I ,dt dI dI ~ '" '" "" di ~ 
'Wfl (1'1'W 11tljl'U'Wfll'jrYflfJlfl.:JlJ'il'ilf.J'YIl.:J'V'l'W~m'jlJ'Utl.:Jf.J'W LPL Ut'l~ APOC2 CU.:J(1''jl.:J lipoprotein 

lipase !!t'l~ apo C-II I'lllJihl9l'IJ V'W LPL lh~fltl'IJ~lf.J 10 exons tlQ'IJ'W 1m IlJ lCUlJ~~ 8 fll'j 

ltJ~f.J'W!!tJt'l.:J'Utl.:JH1m'~''Wlim'jlJm~'illf.JI'W'YIfl exon V'W APOC2 tlV'IJ'W Ir)'j IlJ lCUlJrl~ 19 
q q QJ QJ 

.. " 
tJ'j ~l 'VlrYill1J'W 6 U~ !1J'W Vi 'Vl 'j l'IJn'W ~11U 'il') f.J'VlN~'W li m 'j lJ'Utl.:J'll'11ltH~f.JtJ'W lll'l fl~N'il1fl'll''W ~h'U11 

u • • 

. " 
19l1tlVl.:JVilJ'j 1f.J.:Jl'WlJlrltl'W I 'Wmru'Utl.:J'j~I9l'IJ HDL (high-density lipoprotein) I'W!~tll'l~ .:JtJ'W 

f11'j ~flfJ1 I 'Wf)'W 1'Vl f.J'U tl.:J f) ru ~ ~l,)f.Jif 'V'l'IJ 11ri1'W 11,1.:J lnl'l 'ill fl (1'1 rI1l'l'Vl1.:J~'W 11 m 'j:IJ 'U tl.:JV'W CETP 'Vl1 
<u • • 

'l,xfll'j'Vl1.:J1'W'UrN cholesterol ester transfer protein t'l1'lt'l.:J 7 I'W'Uru~~fll'j~flfJ11'Wf)'W~1'U11 fll'j 

ltJ~ f.J'W!! tJt'l.:JI9l.:J fl~ lJ'V'l'IJ 1~~tlf.JlJlfl 8 

9 ~I \I( ~"" ~ '''' ~ '" \I( "" \1("'1 '" b'WlJ'V'l.rY.2547 bl'llJfll'jf)'W'V'l'IJ APOA5 gene 11lf1f.J1'IJtl.:Jfl'IJfIl1~ bmflt'lICUtJ b 'jl'l 'W1t'ltJl'l~.:J 

'l'WiYl'll'Vll'lt'ltl.:J 9 bY111f'IJv'W APOA5 I'Wf)'WtlV'IJ'W 1m I:IJ lCU:IJrl~ 11 tJ'j~fltl'IJ~lf.J 3 exons 'IJ'Vl'IJ1'Vl 
<u <u 

. " 
'Utl.:J APOA5 ~tl'j~I9l'IJlmfl~lcutJl'j~(1'.:JlJ1fll'Wf)'W lJ'jlf.J.:J1'W11J'Wf)f.:Jmfll'WU 'V'l .rY. 2548 10 I'W~1J1f.J 

<u <u 

lJlflfll14,400 lJfl ./IPlt'l. Ut'l~1'l'j1'il'V'l'IJ11lJfll'jltJ~f.J'Wl!tJt'l.:J'YIl.:J~'W11m'jlJ'Utl.:J APOA5 ~1'111!'WW.:J. 
c.433C>T II'lf.J~1'l'j1'ill~'V'l'IJf)11lJ~lPltJfl~Vl1.:J~'Wlim'j:IJ'Utl.:J LPL 1It'l~ APOC2. 


" . 
19l.:Ju\9iU'V'l.rY.2547 'il'WfJ.:JU 'il'ilD'W 1~lJfll'j~fl'I:J1fll'j ltJ~f.J'WIltJt'l.:J'Vl1.:J~'W 11m 'j:IJ'Utl.:J APOA5. . 

gene Il.J ~1J1f.J~ lJ'j ~ 19l'IJ ll'l 'j fl ~ICUtJ1 'j ~'l 'WIi1tJlPl ~.:J II'lf.J'V'l'IJ 11lJfll'j ItJ~ f.J'W1I tJ~.:J I'W I'll U 11,j .:J~1.:J'l 1'li'W 

c.-l131T>C, c.-3A> G, c.56C>G, c.132C>A, c.457G>A, c.433C>T, c.415C>T I'WtJ'j~'ll'lm~1'U11 

1It'l~ c.457G> A, c.553G>T I 'WtJ'j ~'ll'lm 1tJ1~f.J f11'j~flfJ1ri1'W I m1i'Utl.:JtJ'j~'ll'lm 1tJ1~f.J'V'l'IJfll'j 

ItJ~f.J'WIltJ(j.:J'Vl1.:JYr'W~m'jlJ~lll'lfl\9i1.:Jn'IJtJ'j~'ll'lm~1'U111'li'W f11'j~fl'I:J1'Utl.:J Kao 11t'l~f)ru~ I I 

'Vl1fll 'j~fl'I:Jl I 'WtJ'j ~!'VlrYll'i''\1')'W 'V'l'IJ 11tJ 'j ~'ll'lm ~lJ'j ~~'IJ ll'l'j fl~!CJm1 'j ~lJlflfl11 400 lJfl./1Pl (j. 'V'l'IJ f11'j 

!tJ~f.J'WUtJ(j.:J'Vl1.:JYr'Wlim'jlJ~1'111111,j.:J c.457G>A, c.II77C>T U(j~ c.553G> T IIPl[J'V'l'IJ11 c.553G>T . 
lJf)11lJiYlJ~'W TIn'IJ 'j ~~'IJ ll'l 'jf1 ~ICUtJ1 'j ~~~.:JlJlfl~ f{1Pl (odd ratio 9.325) (1'tll'lf) ci'tJ.:J n'IJfll'j~fl'I:J1'U tl.:J 

Pullinger !I~~f)ru~ 12 ~'Vllfll'j~fI'l:JltJ'j~'ll'lm~'W~mf1f.JtJ~I'WUfI~~tJ{!ijf.J 300 'jlf.J'V'l'IJ11tJ'j~'ll'lm 

~'W~lJ'j~~'lJll'l'jf1~ICUtll'j~~.:Jfl11 150 :lJfl'/I'l(j.lJfll'jltJ~f.J'W!ltJ(1.:J'Vl1.:J~'W~m'jlJ c.553G >T ~.:JI1Jl.J 

4 Ivi1~~I1J'W 15.1% IVif.J'lJn'IJfI~:lJtJ'j~'ll'lm~lJ'j~~'lJII'l'jfl~!CUtll'j~~lfll1150 lJfl./IPl(1. ~1'l11J'W 3.7% 

.oJ d " .<::::I Q.J 0 cv ~Q
CU.:JlJfl11:IJUl'lflI'lNtlf.Jl.:JlJ'Wf.J(1'lf1tlj'Yll.:J(1'f1l'l (P < 0.0001) 



~1'IJ11 IJ 'Wi.r:llfl'Wl'1i'mrillfbY1'Wlnt:l!fiCfl'illf1f)l'HiJ~U'WuJJ~-:J'lJmv'W LPL, APOC2 um; APOA5~-:J 
encode lJJ'j~'W lipoprotein lipase, apo C-II H~~ apo A-5 mlJilwl'U 

'ifl'l1'f'U 1 'W JJ'j~! 'VIf'I'l 'VI V f1 1'jfff11:l1'VI1-:J Yl'U 'lif1'j 'j lJ'lJtl-:J .t1l1~ 1\91 'j f1~19$tl 1 'j 'fi'1 'U!~ tlCfl ~ -:JlJl.w U-:J. 
 ~ 

f)l'jfff11:l1 polymorphism 'lJtl-:JV'U LPL 2 1'1 lU'l1t.J-:J ul'llll'W'U--,h~m~lJ{r1'U'j~I'l'Ul'IJiJlJ IS llJf)l'jfff11:ll 
", , 

i1 flru~vi'1~umlJf)'Vi'il~frf11:l1 'jr1~-YllJ 'lim 'jlJ'lJtl-:JVlJ APOA5 fllJ l'1i'Yiih ~1'l'U 1\91'jf1~lC)m l1'fi''llJ l~tlCfl 
~ . 

, " , 
tl-:Jrlfl11lJ ~'l 'I1llYi 'il ~ 1~ 'ill f1f)l 'j fff11:lli1;) tl'VI 'jl'UG-:J f1 1'j lJJ~UlJI1JJ~.:j 'VIl-:J-YllJ 'Ii m 'jlJ 'llJ VlJ 

~ . 
APOA5 ~lJYm I'l tJ'j ~1'l'U 1 \P1'j f1 ~!9$tl1 'j 'fi'ff 

~ 
-:J 'llJ!~tl Cfl ~-:Jv-:J 1ll lflVlJ f1 l1fff11:l11J1fltllJ 'llJ fllJ 1'VI v tl-:Jrl 

fl11lJ n'I1ll 'ill f1m 'jfrf11:l1lf'il ~'Utlf1()-:JD 'il ~V~lJ yml'ltl 'j~1'l'U 1m f1~l9$tl1 'j 'fi'~-:JH~~ 'l ~l'UlJ 'Ii'tllJm~tl 
~ ~ ~

," , 

frf11:l1D 'il ~uii'W"l1'l tl1 JJ 'j 1lJ 11-:J tll'il 'l ~dJ'Ulil1'l1lJlu 'l 'W f1 l1fff11:lll'ltlVtlCfll-vttlfilJ 'I1liliJJ'f'U ~Cfl'j~I'l'U 1\91 'j 

f1~19$tl1 'j'fi' H~~~Cflm1~H'VI'j f1cM'tl'W 'illf1 1mf1~lCJitl1 'j'fi'~.:j 'llJ~~Cfl.~ 



d 	 "-' ~ V <S 
mW"YIf)l':H'lVlI'tHlfWUllllflfl'tll (Inclusion criteria) 

f1"ll~~ih ~~U ilPl)f)~lqj€l1'J 1P1'b1'-:J 
q 'U 	 co 

~, 	 ~ 

mhnYmJ 2 'flj-:J'\1~€l~lI'Q~tJf1l'J1Pl'J1'il!~€lVl 2 'flj-:Jb1'-:Jf111'\1~mYilnu 10 iJ'fl~1mlli'1m 
'U 

(886 llf1 .iVl'fl .) 16 

fl"w~)~ih~~u IIPl'Jf1~lqjeJ1'JlP1'tJf1~ (f1"ll'fl1U'flll)
q 4J 	 .. q 

1. 	 €ll~:IJlf1f11l 20 tJ lli~lnVlI'V'lf'( 

2 . 	 llil'fltJil tJ'J~l~h'fl I"Jl1'U 1'U1~€lVltlVltJf1~:IJlOm,j 

3. Il'1jUf1l'J1Pl'J1'il'J~~UIIPl'Jf1~lqjeJ I'JIP1't!€ltJf11l'\1~m'Yilnu 150 llf1.iVl'fl . 

d 	 'IJ <S 
IflW'YIfll'aVlVl88fl'illflfll 'l flf)1l1 (Exclusion criteria) 

~ I $.I':::! 'jJ I Q Q.I 'jJ "1 1.o::::::S IV .c:S 'jJ lfJ 'jJ Q.I <jJ 1 'jJ .& I lfJ ~ 
!'U €l~ 'illf1 f1~ll~'Yl'il ~I"Jl'J 1ll f1l'J 1'iltJ'il~1Pl eJ~ lllll 'fl f11lUl~ 'Yl1"J 1 !VI f1U "J€l VI"J €l'\1 'U-:J IPl €l !tJ'U 

~ 

1. 	 ilm1~'fl1llll~Ulhtl'\1t1f1'\1~€l~VI!~eJ'j'Ul1 'J -:J 1'U"Jru~l~lhllf1l'Jf1f11ll1~tJ. 

d tq .J Q.I & 0 Q.I lfJ j,lQ.I Q.I " 'jJ It] 9J " ~ 

2. IU'U h'fl lIPl1lm'JeJ'j~qj-:Jf1l'fl~ lVl'JUf1l'J'Jf11llVl1t1f1l'J'fll-:J !1Pl'Yll-:J'\1'Ul'Yl€l~ (CAPD) '\1'J€l 

yjeJf1I~€lVl (Hemodialysis) 

3. 	 il tJ 'J ~1~U'\.i 'U eJ'U ~ b1' ~~t11l!l.wtil Heparin iltJ'J~ l~!~eJVI €leJf1~ltJ h'fll~eJVI €l €lf1~ltJ1'U 

fI'j €lU'flj1 iltJ'J~l~If1~VlI~€lVl~l ilf1l'JNwlVllm1!flltll'U 1 1~€l'U ill~€lVleJeJf1tlVltJf1~~fJ-:J 

ilill'1jUf1l'Jjf1'tll '\1~€lf)1~-:J il'1jUtIl'fl~'flltl~lll~€lVl 
Q.o::::::S d' Q9iJ 

4. 	 '\1 tl! -:J II fI'j 'J fl!!'fl~ '\1 tl!~ 1'\1 'U II '4 IPl 'J 

fll'ai¥~lflVlII'tt~fll'alVl (Observation and measurement) 

cl ~ ~ . "''''''I 9~ '" dI &.1 ~ 
If1U'lJeJlq!'fl'IJ€l-:J~'J1ll1'iltl blPltl b'IHlUUU'U'Ylf1 (Record form) qjhJ'J~f1eJUVl1tJ 

1. 	 'lleJll'fl~1itJ !'If'U ~€lI'V'lf'( eJltl .niJ~l!'Ul h'fltJ'J~~l\911 t1l~l~tJ'J~~l tJ'J~1~'fl'JeJU'flj1
'" 	 . '" 

mfYtI f1l 'JeiSf1tJ'J ~ 1~!I 'fl ~ 'ill f1I1'lf'j~ I'U t1'U 

2. 	 'lleJll'flm 'V'l1~~I~t11~eJ~nU h'fl'\1 'fl€lVl!~eJVI!lVI~1I ~-:J 11'1110 tJ'J~1~h'flIA''UI~€lVll111 'il~U 
'" 

~ 	 , 

UVl-:J~ U 'J1llvl-:JtJ'J~ 1~1'1U~ €l 'U eJf1mU mfYtlf1l'JeiSf1tJ'J~l~ 'll€llq!'flI~:IJ'U'U Yif)'vHn 'Ul1'l5 

d 	 • 

'J~IUtI'U 'illf1f1l'J1Pl'J1'il'Jl-:Jf1ltJ 



flcilJ'fll1J'fllJ 59 'j1tJ
q q 

""C\ "l
11H11'H'1f)1:l1 (Intervention) 

, 	 ~ 

I. B~1J1tJ111'~t.o'1~llJll1m.o'1 'hHntJlf)'lJfll'j ~1lJ1m'lfll'j 111mr,,~<il'tJ\91tJ'Wfln 111tJ.. 
2. ifl'l.hd'~ 'Yl 'IJ'Yll'W 'j ~ 'IJ'IJ1'l 1'l "l u~~.umol ~~ tJ1 ~t~ tJ 1.0' tJ'l f)'IJ!flru ~fl n fll'1 tJtJfl \91 'j 1 'j) 

~ l'lflltJ fll 'j \91 'j 1~ 'fftJ'lJtJ1~ 1'fi'-r'lJU~~ 'j 1'IJ 'j llJ.o'tJl.!~ I'l 1'l "l \911lJ U'IJ'\J1J't.l'Yifl.o'mol" 

3. 111'~t.o'1-r'IJfll'jftfl'l:l1 "'l4tJ1'W1'IJv'WtJtJlJt.o'1~llJfll'j111tJ (Infonned consent) 

~ 	 <t 931CL1cl&d 10 QJ ~ I 

4. 	 t'j)l~t"BI'1 ~l'1tJ !'If'Hlt'UlJCb''llJ'ff1tJtJ1'l\91B'ff1'H'j'IJ~<plmtJl'1 (Winged infusion set) flB'W 

f'\J'lh~'Yll'WtJ1'l11'j1'W\91B'Wti'lil'lnm 8.00-10.00 'W. ~'WWJfl Semm tn'IJ~mU'HfliJ -80 
q 	 .. 

, 	 ~ 

tJ'lf1'ltCb'''!qftJ'ff tvttJ 'j tJ\91 'j 1'j) 'j ~ 1'1'IJ1 'UiT'W CJf1 
~ 

5. ~l'1tJ1 Heparin 'U'Wl1'1 100 IU/kg IV 'H~'l'j)lfl,r'W 15 'WlVi ~~ 1'fi'f'IJfl1'j~l'1t~BI'1'j)lfl'ffltJ 
d 	 ~.::k' dd Q 

m'l (Winged infusion set) tJfl'fl'j'l'H'W'l UhltWfl Semm tW~ Plasma m'IJ'Yl~U!'\1fJlJ -20 

tJ'lf1'llCb'''tqfU'ff tv1mn'IJ 11\91 n'j)'j'l1m,~''W~m 'jlJ 
~ 

6. 	 l'11fll'j\91'jl'j)'Yll'l~'W~m'jlJ'UtJ'l APOA5 gene 'VJfl exons l'1'lUI'l exon 2 il'l exon 4 11'1tJ 

WJfl DNA 'j)lm~l'1t~tJl'1'U111I'1U'fff)1'1 DNA U~1l'11fll'jt~lJiJ~lJ1ru DNA 1l'1ul~ PCR 
~ 

Q,I ..:::::::. 0 31 Qd 

(polymerase Chain Reaction) 'j)lfl'W'W\91'jl~'fftJ'lJr-m\91r·m'j)lflfll'j'Yll PCR mUlTI gel 

electrophoresis U"~\91'jl~11l~Wl'lJ'Wl'fl~1tJ1'Yl'pnl'1tJl~ sequencing l'W'VJfl exons 'UB'lV'W 

APOA5 

"" (v
f)l11tfl11~'Yi"uc)\!i:I (Data analysis) 

.o'tJlJ,,~iJfll'jm~~lUI'11U'IJ'lJtJfl~ (nonnal distribution) U'ffI'1'lr-l~ 11'1u1i' mean ± SD.. 
ril'W.o'mol('\~1liiJfll'jf)'j~~lUI'11U'IJ'lJtJfl~ U'ffI'1'lr-l('\ 11'1u1i' median (interquartile range) fll'j'YlI'1'fftJ'IJ 

.... '.<:'1 _I "" '" "I "1 'V 'V 
fl1'jm~'j)lU\91111tu'WU'IJ'lJUfl\91'l1'jB!lJ !'lffllHll'1'fftJ'lJ1'11tJ One-Sample Kolmogorov-Smimov Test 

fll'jttJ~uwVium~'l111'lfl~lJli' Chi square 'H~tJ Student t test fll'jl!'fl'jl~,1.o'mol,,\9l'lflcill1i' 


1tJmmlJ'Yll'l'ffil~ SPSS 


http:8.00-10.00
http:ifl'l.hd


~ . 
'V ~ _I q 0 ~ 

'U f) 'J..r~\,l"I 'W ~p 'W 'U f) -3lJ 1::; 'H 1f) 1 'fI 'WUJ1YI mn 
• " v , 

lh'::;'lflf1'J Vit~hi llJm~ftm:J1'11-!l'l1lJ~ 109 'j ltJ iJ~elmrWtJi11tJU~~-!l~-!lVl111 ,rf11'" .. 

II JI 
'Uf)lJ~'l"I'Wijl'W

'II "" 

v, cI ,~
1:::VltJ V11f)~!91f) 1Vl 

~ 886 lJf)./Vll:l. 

('ill'W1tJ 50 rl'W) 

v, cI ,~
1:::VltJ V11f)~!91f) 1Vl 

< 150 lJf)./Vl~. 

('ill'W1'W 59 fl'W) 

p-value 

m~ (tl) 48 ±10 51 ±11 0.48 

l'Wfl''lfltJ 32 (64%) 30 (51 %) 0.24 

~ l~'lfiJlJ l"mtJ (nh1f) flJltlJl'l'j 2) 25.6 ±4 23.6 ±5 0.62 

lhd'~m'j 'l~tJl"~1~iJtJ 

llltl'W 11 (22%) 59 (100%) <0.001 

Statin 3 (6%) 0 <0.001 

Fibrate 22 (44%) 0 <0.001 

Combined statin and fibrate 14 (28%) 0 <0.001 

mllJ~tJ 1m11'l (lJlJ.'lhel'Yl) 

SBP 129 ±26 120 ±18 0.15 

DBP 79 ±13 72 ±11 0.005 

II ";,v, cI 'll<!i 
'lJf)\I~rnllJml'J-3 'UlJ'W V11f)~!91f) 1Vl 'Wmf)Vl~p 

lh::; l~l9itJ ri el '\.leym mJ 8 (16%) 0 <0.001 

lh~l~m~~lJ~~l 21 (42%) 9 (15%) 0.004 

'Lh::;1~bl'H1J1'l111tJ 19 (38%) 6 (10%) 0.001 

tJ o.-Q1 Q .J' 
~::;ll'l ~fll'l~t'lfel HIV 11 (22%) 0 <0.001 

m~'l~tJlf)~lJ protease inhibitor 4 (8%) 0 0.04 v, v1 <!i
1::;VltJ 'UlJ'W 'W!~f)Vl (lJfl./Vl'l.) 

flm"ml'ltl~tl" 230 (183-280) 217 (168-243) 0.08 

ll'lm~t"liel1~~ 1,389 (1 , I 04-2,307) 93 (75-118) <0.001 

HDL cholesterol 28 ± 9 62 ± 22 <0.001 



fll) !tJ~£J'l,! !ltJ~-3 'YIl-3'l~\'\ ~0))1.J'\I el-3 £i'l,! APOAS 

.utJl..Jm~rnfhJ fll'J !tJ~tJ'WUtJ'fl.:J'Vll'r~'U~m 'Jll'UtJ-lth.J APOA5 !!"'~-l~-lVl1)N~ 2 

VlnN~ 2 fll)!tJ~mmtJt;\-3'Y1l-l~lA~m))J'Uel-l£i'W APOAS !!t1-3Vll)J)~Yl1J'mO~!9fel')~ 

2: 886 )Jo.lYm. < 1SO )JO.lVl~. p-value 

Exon 2 

Exon 3 

Exon 3 

Exon 4 

Exon 4 

Intron 2 

(reference SNP) 

c.-3A>G 

(rs651821 ) 

c.56C>G 

(rs3135506) 

c.132C>A 

(rs 12287066) 

c.457G>A 

(rs3135507) 

c.553G>T 

(rs2075291) 

IVS2-7T>C 

(c.50-7T>C) 

Kozak sequence 

Serl9Trp 

Ile44Ile 

Val153Met 

Gly185Cys 

(SO fllA) 

41 (82%) 

2 (4%) 

2 (4%) 

6 (12%) 

15 (30%) 

1 (2%) 

(59 fllA) 

18(31%) 

o 

o 

12 (20%) 

o 

o 

<0.001 

0.201 

0,201 

0.36 

<0.001 

0.450 

'l.h ~'lflm ~ lh~~'U 1 \Pl 'J O~!C}ftJ1 'Jf1m on11'11 ~ tJ! 'Vho'U 886 II n./~'fl. 'W'U ':hijfll'J!tJ~ tJ'U UtJ 'fl.:J 

'Vll-l~'U'lim'Jll'UtJ-lV'W APOA5 'U'W exon ~ 21~!!fl c.-3A>G ~l'WTU 41 fl'U~~!~'W 82% !!'fl~'W'lJ11ij• 

fll'J!tJ~tJ'WUtJM'Vll-l~'W'lim'Jll'U'U exon ~ 4 l~!!fi c.553G>T ~l'Wl'W 15 fl'W~~!~'W 30% ~-l~.:J~'W'IJ. ~ 

ijfll1llU\Pln~1-l'J~'1,dNn~lltJcil-lijtTtJbYl~1l!'Vll.:J"'()~ (p value < 0.001) 

fll'J!tJ~tJ'WUtJ'fl-l'Vll-lYr'W'lim'Jll'UtJ.:JV'W APOA5 'U'U exon ~ 3 1~!!f; c.56C>G 'W'U 2 fl'U~~. 
!~'U 4% U'fl~ c, 132C>A 'W'IJ 2 fl'U~~!~'U 4% 1~tJ111'W'Ufll'J!tJ~tJ'U!!tJ'fl-l'Vll.:JYr'U~m'Jll~-lnri111'U 

. " . 
nrillYiij'J ~~'U1m n~!9ftl1 'Jf1tJ n~!'fltJ 'U tin 'Illn-w'W 'Ufll 'J! tJ ~ tJ'UutJ'fl-l'Vll-lYr'U 'Ii m 'J ll'UtJ.:JV'U APOA5. . 
mil'U Intron 2 ~.:J hi!fltJij'J 1 tJ-l 1'W fll'J !tJ~tJ'UUtJ'fl-l'Vll-lYr'W'lim 'Jlli'U~h!'l1ti.:Jifmntl'U l~!!n IVS2­

'U • 

7T>C 'W'U 1 'fl'U 



. . 
, _I '" '" '1' '" _I'" _I vfl11lJU(9l0(9l1..:J'lJel..:J1J1::;'Ul n1 'YllJ lit'!::; lJ1Jfll1!1Jt'I£J'W U1Jt'!..:J'Yll..:J'YfW~ n111J C.-3A> G lit'!::; c.553G>T 

trl'D ttJ~ tJ'lJ t.y; tJ 'lJ tJ) ::; 'If1 tl ) tl ~:IJ1(91 ) tl ~ 191 'D 1) IPl(l' 'l ~ ii 11"::; lli ii tl1 ) 1 tJ ~ tJ 'W 11tJ "'l 'Yl1 'l 'W'W 'Ii tl) ):IJ
• <u • 

" v Y I 

C. - 3A>G 'I1'W l'l'lJ111liiifll1:IJU(91tl~ 1'lf)'W 'Dv1'lii'l1mhfl'w'Vl'l1'W~l'W ~'D:IJ"yt'W 'ii1'W'Vll ltJlm::;)::;~'lJ
u <u ~ 

1'\J~'Wl'WIt{'D(9l 

1'W 'Vl1'W 'D'lI~tnf)'W lrl mtJ~ tJ'lJ 1.y; tJ'lJtJ )~'lflm tlri:IJ 1(91) tl~ 19i'D1) IPl(l''l~ii II ,,::; lliiitll)
• <u 

• y 

ltJ~tJ'WUtJ,,'l'Yll'l~'W'Ii m):IJ c.553G>T 'V'l'lJ ';i1 lliiim1:IJl1(91tl~1'lf)'W'DV1'lii'l1mhfl'w'Vl'l1 'W ~l'W~tl:IJ" 
• u " 

" . 
YI'W ~ l'W'Vll 1 tJ 1m ~) ::;~'lJ 1'\J~'W1'WIt{ 'D (911 'If'W f)'W 

I I I v. 

Iljtlilm1::;r1tJ)::;'lf1m.y;iitll)ltJ~tJ'WlttJ"'l'Yl1'l'W'W'Iim):IJ c.553G>T 'Vl'l'l1:IJ(9l 15 )ltJ ii~.y;
• <u 

1~i''lJ''(91tJ1''(91)::;~'lJl'\J~'Wtl~:IJ fibrate 6 )ltJ 'V'l'lJ11)::;~'lJl'\J~'Wl(91)tl~19itll)lPlm~tJf)tl'Wfm1l2,537 

± 1,724 :lJtl./(9l". U"~)~~'lJl'\J~'Wl(91)tl~19itlhlPlm~tJ'I1~'li'm1l880 ± 1,562 :lJtl./(91". 'I1~'D"(91"'l 
, • •• v 

76% ~'l~tlli 11ljtl!.y;tJ'lJf)'lJtl~:IJ.yjlli'V'l'lJtll)ltJ~tJ'Wl1tJ"'l'Yl1'l'W'W~m):IJ c.553G>T 'Vl'l'l1:IJ(91 35 )ltJ ii 

~~ l~f'lJtJ1"(91)~~'lJ1 '\J~'W tl~:IJ fibrate 16 )ltJ 'V'l'lJ11) ~~'lJI '\J~'W 1(91)tl~19itll) IPll'Q ~tJf)tl'W fmll 

1,638 ± 638 :lJtl./(9l". 1t"::;)::;~'lJ''U~'Wl(91)tl~19itll)lPlm~tJ'\1~'li'mll 570 ± 754 :lJO./(91" . 'V'l'lJ11"(91"'l 
• Y • 

66% ~'l1t1fi 2 rl" '\J'D'l tll)(91 tl'lJ (l''W 'D'l~ 'D tJl"(91)::; ~uI 'U~ 'W tlri:IJ fibrate ) ::;'I111..:J'Vl'l (l'tl'l tlri:IJ.y;'V'l'lJU ,,::;
OJ •• 

• Y 

lli'V'l'lJfll) 1 tJ ~ tJ'W U tJ"'l'YlN'W'W 'Ii m):IJ c.553G>T '11'W 'V'l'lJ 111liU(91 tl~l'l f)'W 'Dv1.:Jii'l1mY1fl'W'Yl1.:J (l'i)~
• u 

(p value 0.15) 



l'l1~ 1 N~'UMfll WI el'lHY'\·HI -Jvi elt'.ll ~~1 ~vl'U''U'JJ'\..!1'\..! f\'\..! ~ iJ fll1! 'l1~t'J'\..! u'l1 ~ -J't1l-J-Yr'\..!~ f)11lJ 

c.553G>T 'il1'\..!1'\..! 611t'J 

7000 
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tlD -E 5000 
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l'l1~ 2 N~'U el -J f) 11 VI el'U (;l'\..! el -Jvielt'.ll ~~1~ vl'U''U'JJ'\..!1'\..!f\'\..!~'l.iiJ fll1!'l1~t'J'\..!U'l1~-J't1l-J-Yr'\..! ~ fl11lJ 

c.553G>T 'il1'\..!1'l-! 16 11t'J 
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\J] d \J] "'I '" ,ell .?1 '" d "" ') '" 'I '" 17 d 
.fl11~ ImmW1H) l'j~ l'Wlm)~ft'1 IlJ'WlJ'il'ilmfttl'1\Jtl'1f)l'jlf)'fl l'j fl'l1 1 l'ilU~~mH)'flI~tl~ ll~~lJ 

'" ~ , 

m1lJftlJ'l~'W£nU.fl11~ metabolic syndrome 'WtlmJ 1f)iJ V'1 l~ 'W 1] 'il')miYtI'1 ~ tlf)l'j In'fl.fl11~l'iu citl'W 

eJmftU 1'fl VI 'il 'W1~ tlV1'1i'1 'j ~I'1U 1191 'jf)~I"lftll 'j 1'1~ ft'1 mf) fltl 'j ~I'1U 1191 'jf)~I"lftll 'j I'll 'W I~tl~~~ '1 lJ 1f)
'" '" 

QJd"l9.J1 QJcI ddjJ &0 jJ.d~1 
f)'W~ l'flUf) m'jf)mtl'W'W~\Jtl'1tJ'W'I'l~'j1'1 lipoprotein lipase U~~ apolipoprotein C2 "If'1'l'l1'11'W1'1'lllJ'W 

\J] " .oll Y , .?1 '" ~ Y II] Y ,
cofactor 'Utl'1W'W l"lflJ lipoprotein lipase IlJ'WI91'W ftl'W~ll'11l9J'il1f)lJ'il'iltl'l'll'1ft'1ln~~tllJ l'flllf) fl11~ 
~ ~, 

tJ1'11.umn'W 1'jflIUl'l111'W l'jfi~~I91tl HIY f)l'j~ :lHP111~~tJ1Ul'1'l511'fl1'l1'W tJ1m~tlH)tJ1'1 til 

fllJnll'U~ 1l~~tJ11'l1'W llf~f)rilJ Protease inhibitor 1'L1'WI'l'W 1ll'ltlV1'1 1 'j tll911lJ I'W fl'W l.u~li.fl11~ 1191'j f)~
q q 

~, , 

I'W f)l'jftf1'l:l1iJ li 'il'fl JJ '1'l1m tlftf1'1:11f)l'j ItJ~tI'W UtJ~'1'l'l N~'W 'lim 'j lJ'U tl'1 APOA51 'Wfl'W 1 'I'llJ~li 
q q q 

'j~1'1U 1191 'j f)~I"lftl 1 'j1'11 'Wl~tl ~ "1'1 lJ 1f) 1'fl tI'WU f)l'j ItJ~tJ'W II tJ ~'1 'I'll'1~'W ~ f)'j 'j lJ I 'W f)~lJ~ li 'j~I'1U 1191 'j f)~ 

l"lftll'jl'1ft'1lJ1f) 2 'l511'fl l~llri c.-3A>G tlV~ exon 211~~ c.553G>T tlV~ exon 4 11191f)l'll'1'il1f)f)rilJ 
<U <\J <u q 

I Q QJ 0 Q.I QQ 

mUfilJtltJ1'1lJ'WtJmflUl'l'll'1 fttl 191 
q u 

, ~ ~ 

f)l'j ItJ ~ tJ'WUtJ ~'1 'I'll'1~'W 'lif)'j 'j lJ C.- 3A> G t.T'W 'WU 1 ~I 'W tJ 'j ~'l51m '11 m m91tl'l51~ ll~~'Wu",h 
q 

l~lJl.utl'1nU.fl11~ll91'jf)~I"lftll'jI'1"1'1 18 ril'W c .553G>T J'W 'W'l..lm'W1~I'WtJ'j~'l51mWI95tJl'vi1J'W 'il1f) 

.:/ 12.:/ II d 'I I d0 A 

f)l'jfl'f)El1\Jtl'1 Pullinger U~~fitu~ ll~::;f)l'jfl'f)El1\Jtl'1 Kao Im::;fitu~ '1'1'1'11 l'WlJ'j~'l51mWI'l5lJ 

'V'lU';h f)l'j ItJ~tJ'WlItJ~'1'Vll'1~'W ~f)'j 'j lJ APOA5 c.553G>T lifil1lJftlJ~'W'!rnu'j~l'1u 1191'j f)~I"lftl hl'1"1'1 
, ~ " 

I~mrtltl'il'W ~'1 ft'1lJ1f) ul'lm'j ItJ~tJ'WlItJ~'1iJ lJJ'V'lU I'W tJ 'j~ 'l51m r:h\J11 19 .utllJ~ 'il1f)f)l 'jftf1'l:Jl'W Li'111 
'" '" , ~ , 

f)1'j I tJ~tJ'WlltJ~ '1iJ 'WU l~LitltJ I 'Wfi'W 1 'I'ltl 1~ t:J'W'U~'1 30% I 'Wfi'W 1 'I'ltJ~li 'j~ I'1U 1191 'j f)~I"lftl1 'j I'll'WI~tl~ 
ft'1mf) u~ll1'WUI'Wf)rilJfilUfilJl~tJ f)l'jftf1'1:11'Vll'1 in vitro 'WU11m'jltJ~tI'WlltJM c.553G> T 'I1~tl 
'" q q 

d " 0 'I Y d Y 0 IA 

Gly185Cys'W 'I'll 1'l1 apo A-5 lJm'jm~I9J'Wf)l'j'l'll'11'W\Jtl'1 lipoprotein lipase ~~~'1lJ'j~mtu 20% 
~ " 

'W tlmJ1f)\J v'1li f)l 'jftf)'hl1'il1f)tJ 'j ::;1'Vlfl'~'W~'W U11f)l 'j ItJ~ tI'Wll tJ ~'1'Vl1'1~'W 'lim 'j lJ APOA5 c.553G>T li 

20 
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rll'l1~\Jf)l'H1.J~t'J'UIl1.JM'Vll-:J'W'U~m'J:IJ c.S6C>G '1111) Ser19Trp ~'W'lJ 2 'Jlt'Jl'Ufl'Ul~~ii 
" 'J~i'lJ1m o~I"litll 'J~{1'-:Jmo'l!'U lj'Jlt'J-:J ltr:h~m~I'U -fif)'lJflll~ 1(9)'J o~i"litll 'J ~~ -:Jmntl'U 18 Il~ 

'U 'U 

c.l32C>A 'I11tl Ile44Ile tT'U itl'U synonymous variant ~-:Jlli'W'lJllljflll:IJ rl':IJ-w'U-fin'lJflll~I(9)':iO~ 
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Abstract 

Objective: Severe hypertrigJyceridemia is associated with an increase risk for acute pancreatitis. Genetic detenninants 

of severe hypertriglyceridemia in Thai subjects are incompletely understood. APOA5 gene, encoding apo A-5, is a 

newly discovered gene implicated in triglyceride metabolism. In this study, we examined genetic variations in the 

APOA5 gene in Thai subjects with severe hypertriglyceridemia. 

Design and Methods: The coding region and exon-intron junctions of the APOA5 gene were examined by sequencing 

in 50 Thai subjects with severe hypertriglyceridemia (triglyceride levels more than 10 mmollL [886 mg/dL] on ~ 2 

occasions) and 61 controls. 

Results: We identified 6 variants in the APOA5 gene as shown below. 

Location Change of 

base 

Amino acid 

change 

Known or 

novel 

Number of subjects Association with 

hypertrigJyceride­

mia 

Case 

(n=50) 

Control 

(n=61) 

P value 

Exon 2 c.-3A>G 

(rs651821) 

Kozac 

sequence 

Known 41 (82%) 18 (30%) <0.001 Yes 

Exon 3 c.S6C>G 

(rs3135506) 

SerI9Trp Known 2 (4%) 0 0.201 Yes 

Exon 3 c.132C>A 

(rsI2287066) 

lIe44Ile Known 2 (4%) 0 0.20J Yes 

Exon 4 c.457G>A 

(rs3135507) 

Val153Met Known 6 (12%) 13 (21%) 0.297 Yes 

Exon 4 c.553G>T 

(rs2075291) 

Glyl85Cys Known 15 (30%) 0 <0.001 Yes 

Intron 2 lVS2-7T>C 

( c.50-7T>C) 

- Novel 1(2%) 0 0.450 No 

Conclusions: Both known and novel variants in the APOA5 gene were identified. Increased prevalence of c.-3A>G and 

c.553G>T variants in the severe hypertriglyceridemic group may contribute to this phenotype in Thai subjects. 
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