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U'Yl rlVI cl~ i1l1:ll1'Yl[J 

1V1tJ1.h~tl~ri': ih),)[JY11~~'W ~m 'j lJ~I~[J1'1i'tl~ nlJ il11~1tl'li~1I tl"1'WI ~tl~'l~v~ llJl'tl'W~!-ih '1 'ill! t1 'l1~ f1ru~ ~1')[J 

l'i1fl1'j()tl~'j'l1"'~'W~m'jlJfj'W 3 fj'W fitl CETP, LIPC Im~ LIPG ~~"'~1~ hb~'W f1tlmm~1tlj" m",rv1tl{ 

'Yl'j1'Wmvltl{ hh~'W, WlJ'I"ll~f1 lm,j", II"~ m'Wl~¥iI~[J" l"I,j", 1'l1lJ~1~lJ l'Wf1'Wl'Yl[J~lh~~lJltl'li~lItl"l'W 

I~tl~'"~ mm¥i [JlJnlJ,j 'j~'li1 m n rilJf11lJf1lJ 
" q q 

ifivhlii'Wfn'li~[J f1ru~~1,)[Jl'i1fll'j()tlm'l1",fj'WCETP, LIPC Im~ LIPG 'l'Wri1'W'UrJ~ exon II"~ exon-intron 

junctions l~m~'W'I11nl'HU~ [J'WmJ"~'Yl1~~'W ~ fl'j'jlJ'l 'Wf1'W l'Vl[J 64 f1'W~~'j~~lJm'li~lItl" 2:2.59 iJ,,~llJ,,/~m 

(l00 :iJ"~ni'lJ/I~c)f~I'l'j) 1I"::;IU~[JUIVi[JlJnlJVl"1'WU'j::;'li1mnrilJf11lJf1lJ 113 f1'W 
q q 

Vl~f)1'.ii~[J 1'W coding region 'Utl~V'W CETP 'I"llJ~nlJIU~[J'WIIU"~~llJlf1[J~fll'j'j1[J~1'WlJ1tltl'W 2 9i111'Y1t1~ fitl 

deletion mutation 1'W exon 9 (c.785-788 delTCCC 'YI~tl p.Leu262ProfsX31) 1m::; duplication mutation 'l'W 

exon 13 (c.1226-1230 dupAGACT 'YI~tl p.Va1411 ArgfsX6) Im~'I"llJ fll'j IU~[J'WIIU"~~l:UIf1[J~fll'j'j1[J~1'Wm 

tltl'WBn 4 ~hl'Ylt1~'l'Wri1'W'Utl~CETP promoter l~llfi 18-bp deletion mutation (g.4989

5006deIGGGCGGACATACATATAC) 1 ~111'11t1~111:I~ point mutations 31'1111'Y1t1~ (g.4982G>T, g.4961C>T 

1m::; g.4659C>T) l'WV'W LIPC 'I"llJiinnIU~[J'WIIU1:I~~'1:UIf1[Jiifll'j'j1[J~1'WmtlrJ'WlIlJlJ missense mutations 2 

9i111'Y1t1~ fitl p.Gly141 Ser 1I1:1~ p.Val173Met nlJ !U~[J'WIIUM'Yl1~~'W ~m'j lJ~~nril1 '1:U'I"lU 1'W n~lJmlJfJlJI1:I[J 
o ~ d Vc1 ~ .dIV I

m'j'Yl~ "tl~ Y11 site-directed mutagenesis 1I1:1~f1nlJ1 nnIU1:I [J'WIIU"~ 'I1'W l'Yll 'W 'j ::;~lJI9m1:l l~ lJ 11 fll'j IU (;\[J'WIIU 1:1~ 
, v 

18-bp deletion mutation Vi CETP promoter iiVl1:ll'il1~ transcriptional activity M11:I~ 'Wtln'il1nU'I"llJnn 

IU~[J'WII,j"~~'I"llJ1itl[Jl'WV'W CETP fitl p.Asp459Gly 'I1~tl D459G ~'I"llJ1itl[Jnl1mh~~,rmhflt1Jl'Wn~lJf1'W''Ii' 

~ii'j~~lJm'li~lItl""'~I¥i[JlJnlJnrilJf11lJf1lJ (23% 111:1::; 4% 1'l1lJ~1~lJ, P<O.OOOI) rl1'11i'lJl'WV'W LIPG l:U'I"llJ 
" q q 

m'jIU~[J'WIIU"~'Yll~~'W1i
q 
fl'j 'jlJl 'I1:U 

tllU f1ru::;'~l,)[J'I"llJfl1'jI,j~[J'WIIU "~Y11~~'W~ m'jlJ~l:UIf1[Jii'jl[J~l'WlJltltl'W l'WV'W CETP 1m::; LIPe 1'W n~lJf1'W 

~ii'j::;~'lJltl'li~lItl1:l'l~ fll'jIU~[J'WIIU"~'Yll~~'W~m'jlJl'WV'W CETP IW~ LIPC yf'lI!'lJlJ~'I"llJl'l1lJlI"::;~~fl1'j 
'jl[J~l'Wmfitl'W l'llJl~U'j::;lJlru 1 'l'W 3 'Utl~f1'W~~'j~~lJm'li~lm1:l'l~~~nri11 
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Objective Genetic factors associated with high HDL-cholesterollevels or hyperalphalipoproteinemia are 

incompletely understood. We resequenced 3 candidate genes, CETP, LIPC and LIPG, which encode 

cholesteryl ester transfer protein, hepatic lipase, and endothelial lipase, respectively, in Thai subjects with 

very high levels of HDL-cholesterol compared with healthy controls. 

Materials and Methods Sequence variants of the CETP, LIPC and LIPG genes were identified by 

sequencing the exon and exon-intron junctions in 64 subjects with HDL-cholesterollevels 2:2.59 mmol/L 

(100 mgldL) and compared with 113 normolipidemic sUbjects. 

Results In the CETP gene, we found 2 novel mutations in the coding sequence, a deletion mutation in exon 9 

(c.785-788 delTCCC or p.Leu262ProfsX31) and a duplication mutation in exon 13 (c.1226-1230 dupAGACT 

or p.VaI41IArgfsX6). Four other novel mutations in the CETP promoter, one deletion mutation (g.4989

5006delGGGCGGACA T ACAT A TAC) and 3 point mutations (g.4982G>T, g.4961 C>T, g.4659C>T) were 

also identified. In the LIPC gene, 2 novel missense mutations (p.Gly 141Ser and p.Va1l73Met) were found. 

None of these mutations were found in the control group. Site-directed mutagenesis and functional studies in 

vitro confirmed that the 18-bp deletion mutation in the CETP promoter was associated with a reduction in 

transcriptional activity. One common variant in the CETP gene (p.Asp459Gly or D459G) was also found 

more commonly in the hyperalphalipoproteinemia group compared to the control group (23% vs 4%, 

respectively, P<O.OOOI) . No rare or novel variants in the LIPG gene were identified. 

Conclusion Several variants were found in the CETP and LIPC genes in subjects with high HDL-cholesterol 

levels. Rare and common variants in the CETP and LIPC genes contribute to approximately one-third of the 

Thai subjects with hyperalphalipoproteinemia. 
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'U'YIlh 

1 ':ifl'\1 ~ 'fJVlI~'fJ Vli111l1w~1 ':ifl'\1 ~ 'fJVlI~'fJ Vl 'fflJ'fJ.:I~lJ I~ 'U 'ff11'1111J fflf1ty'IJ'fJ.:I fll':i I fftJ~i~11~~i111~'VJ'Vrv~ ~ 

i11'Vl1'UB'U~lJlli'wl 'IJ'fJ.:I'lh~'lflm~11 ~ fl nlJvf.:I'lh~IYlf'l'hw l'Uull~D'U 'VllJ n11'Ull tYiJ hfl1'l1 riliflJ1fl~'U 
1~'tJtJ"l (1) ':i~~lJI'lJiT'Ui'U1~'tJVl~~mJfl~ hjllll~n':i~~lJ low-density lipoprotein (LDL) cholesterol ~.:I '\1~'tJn 

':i~~lJ high-density lipoprotein (HDL) cholesterol ~1~1'UI~'UU1l1)m~tJ.:I'IJ'fJ.:I hfl~.:Iflril1 tJ1~fl'!:J1i111~I'lJiT'U 

1'UI~'tJVl;:)~l'lJfl~1'Uu ll~D'U llli'~~~l 'U fll ':i ~Vl':i~~lJ LDL l1~fJ.:I hintJ1~ n'lh~ffYl1j i11'Vl ~l1~~nm fll':i'li'l.:Il~tJ.:I ~1 

1'Ufll':ilyflJ':i~~lJ HDL (2) 

HDL 1~'U'tJ'4i11f1'IJ'tJ.:I hh~'U1I~~I'lJiT'U (lipoprotein) l'U1~'tJVl~.:In'\1tY1~11'tJ.:Itl'Ufll':ilflVl hml~'tJVl 

l~'tJVlUVl.:I!1~.:I (atherosclerosis) u,j'll':i~~lJ 'IJ'tJ.:I HDL i 'U1~'tJ Vlll~~'U 'tJ~tllJUll,)tJvf.:IY11.:Ii'U~m':ilJll~~Yl1.:I 
~~l1lVl ~'tJlJ fll':ifffl'!:nUll')tJY11.:Ii'U ~m ':i lJ~n1'\1'U Vl':i ~~lJ HDL mjl.:II~'U ':i~lJlJ fJ.:I n 'tJ~tY'tJ tJ 

"" 1 '" "" ~ & ItJ '1tJ" ""I
':i~VllJ HDL 'UI~'fJ~ t1'tJllJ'U complex quantitative trait 91.:I IlJ IVltl1tJYl'tJVlYl1.:I'Vl'U~m':ilJlllJlJ 

Mendelian 1l~1~'U~~1l1flfl11lJll~fl~1.:I'IJ'tJ.:I DNA i'U'\1 mtJ"l I'i 111'\1 t1.:I (3) 1'UUll~D'U fll':itl'fJVl':ii'ffi'U~m':ilJ~ 
d I &0 Q.lQ./ Q dd 1.c:1 .d v Q.I 

l':i tJfl11 resequencing approach 91.:IY11 fll':i tI 'tJVl) '\1 'ff'Vl'U~ m':ilJ'IJ'tJ.:I tJ'U '\1 mtJ"l tJ'UYl'VllJ 11lJfl11lJIfltJl'IJ'fJ.:I fllJ 

"" .d& "" ItJ ,,"" '" .% & 1"" .d 1tJ:!"'I I0 I

~flElW~'Vlf'l'flfllfll~.:I IVl':ilJfll1lJ'UtJlJlJ1fl'IJ'U (4,5) 91.:I'ff1lJl':itl 'lffl'U'I11 missense DNA variants Yl'VllJ IVlllJlJ'fJtJ 

1'U'lh~'lI1mfl~lJ~n"flElW~~Ili''tJ.:Ifll':iffflEl1I~'tJ.:I1l1flfll':i~n missense DNA variants '\1mtJ"ll'llll'\1t1.:II~'U 
., . 

Q.I 0 Q.I I dl.:::::1 GI i/.<:::v::::! d,G) & 1.t!l Q.I d. I I 

I'nfll'l1'UVl quantitative trait Vl.:Iflmlll.:IlJfll':i I'lfTIi'U l'Ufll':if'l'flfll trait 'IJ'tJ.:I ':ifl'l1':i'tJ~flElW~Yl'VllJlJ'tJtJ 1'lI'U 

fll':iffflEl11'UfI'U~n':i~~lJ HDL ~1 'VllJ'hflVl1l1fln missense mutations 'IJ'tJ.:IV'U LCAT, APOAlll~~ ABCAI (3) 

£9 d.c:i Q,I lI) .c:1 "1 «' I ~ .c:1 .:::::S

fll':ifl'm111'Ufl'U'VllJ':i~VllJ II'l':iflm9l'tJ I':iVl'ff.:I 'VllJl1lflVl1l1fllJ missense mutations 'IJ'tJ.:ItJ'U LPL, APOC2 IW~ 
'" 

APOA5 (5) 

"" 1.t!l Q.I~ Q,I.J & Q,I Q.I 

':i~VllJ HDL 'U1~'tJVl~.:I llVlllJ'U complex quantitative trait 'tJ'U'\1'U.:I fll':ifl'flEllY11.:I'Vl'U~m':ilJ'IJ'tJ.:I':i~VllJ 

HDL ~.:I~~1'UlJ1 iTflffflfll~ll'Vll~m 'Vll~V'U 1VlV'U '11 ~.:II 'VllJ'U (6) u~ ~fJ.:I IllifI tJn fll':iffflfll'tJ fh.:I I~'U ':i~lJlJlJ1 
tl'tJ'UlllflVl1l1fl missense DNA variants l'U candidate gene ~l.:I"l'l1~'tJ'll fll':iffflflliflli''tJ.:Ifll':ifl'U'I11fl11lJ 

NVltlfl~Y11.:Ivr'U~m':ilJ1'UfI'U~n':i~~lJ HDL ~.:I (hyperalphalipoproteinemia 'I1~'tJ HALP) 1I~dj'UfJ'Ufl11lJ 

NVltlfl~~'VllJ~.:I fl ~111VltJfll':iffflEll'11tY1~~ It1~ tJ'Ull t1~.:I I t11l1 flfll ':iV11 expression studies 

'YI 'U 'YI1 'W1'':i "H).!f) ') ') lJ 

"" ~ 1- I c! "" 1 "" & c! ..ItJ "High-density lipoprotein '\1':i'tJ HDL IlJ'U'tJ'4i11fl u':iI'l'U!1~~ l'lJlJ'U (lipoprotein) 'U1~'tJVl9l.:IlJ'I1'U1Yl 

ff1f1ty 1'U flw~h~ tJ.:IfI m~ml'l 'tJ ':i'tJ ~ (cholesterol) ftl'Ul fl'U 'tJ'tJ fl1l1 fl'tJltJl~~l'l"l ':i llJi.:I ~t!'1 '11~ 'tJ'flI~'tJVl I~'tJ 
tJ 11t1'1llJ'vf.:I'tJ'tJ fl1l1 fl11.:I flltJYll.:IJ1~~ll1lJ (7) 'li'mJ~Y11.:I ':i ~1J1'fllYltJ1l1 'ffVl.:I 1'11'111 'U ll':it~lJ'IJ'tJ.:I HDL i 'U1~'tJ'fln 

'" 
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m1lJbhJ'w'\.nirlf)~'UtlUfll'jtf)11 hfl'lH'Hll1t~e:ll1Hl1-:]t!~-:] (atherosclerosis) f)ri11~e:l fl'U~lh~~u'Ue:l-:] HDL ~-:]]j 

m1lJ!~fmivfll'jtf)11 hmHHll1t~Vl1ttl1-:]t!~-:]~~l1~-:] 1'U'Uru~~fl'U~]j'j~~U HDL ~W~Ui1t~fJ-:]I'1Vfll'j!f)11 hfl 

"I d"; ,J 
'I1~Vl1mVl1Hl1-:]H'IJ-:]t'\"llJ'U'U (7) 

'j~~U'UV-:] HDL 1'U!~Vl1 ~'U e:l~tlU'il~ ,)fJ'I1 m fJVV1-:] 1l1fJ~]jll~,)fJ'Yll-:]~'1.,1 11m 'j lJ!~mi1'11"m!~~m~]j 
I. • II 

1] 'Il,)fJvmiY-:]H 111~mJm!nfJ1o\JV -:]tJl1 fJ fll'jflf)fJ 1 '1 '1.,1 ih ~'ln m! tNl1Vi itJlfu fll'j!~fJ-:]~I! Wf)'Il1f)tl'U '\"l Ui1 'j~~u'Uv-:]
'" 

HDL 'l'U!fte:ll1ri1'U'1'11tYfJf)fl1UfJlJ 1l1fJ1]'Il,)mn-:]~'U11mnJ (8) 1'Ufl'U~]j'j~~U HDL 1'U!~tll1~1'\"lui1iJf)]j 

ih~1~me:lUflf1'UV-:]'j~~U HDL 1'U!~tll1~1 H~~1'Ufl'U~]j'j~~U HDL 1'U!~Vl1'iH fi'\"lui1]jih~1~me:lUflf1
'" 

'lJV-:]'j~~U HDL '1'U!ftVl1~-:]!'lf'Un'U 

tlJl'l~uvii'fflJ'Uv-:] HDL 1'1.,1 'i1-:]fllfJ ]jmllJ%uCJf'v'U !w~mftfJf)1'J'Vil-:]l'U 'UV-:]W'U iC)f,Ju~~ hh~'U'I1 mfJ 

'If'Ul1 (tll~ 1) fll1lJ N~HJf)&1'UV-:] 111'j~'U'I1 mfJ'1 ~11'Um~u1'Ufll'j1'11-:]'1 'Uv-:]!lJl'l~uvii'fflJ'UV\I HDL vb1,r'j~~u 

'Ue:l-:] HDL 1'\.H~vl1!1l~fJ'UmJ~-:]illitJl !lJl'l~uvii'fflJ'Uv-:] HDL !~lJ'Il1f)fll'j'l1~-:] apolipoprotein A-I (a po A-I) 4-:] 

!~'U111'j~'U~!~'Uri1'Ull'j~f)vu'l1"f)'Uv-:] HDL 'Il1f)~UH~~,hi~!~f) Apo A-I 'ff1lJ1'jm1lJ~ltlU~V'ff1~iiUl1 
liI~d d.d..:::S I .J d' Q.I 

(phospholipid) 111!t/'U HDL 'U'U111!~f)'\ImfJm1 prebeta HDL C)f-:] prebeta HDL 'W'ff1lJ1'jmUflVW'ff!I'lV'jV~VVf) 

~lmC)f~rl'1'UVlfJ1~1'11-:]'1 'UV-:] 'i1-:] fll fJ'j 1mf\l!C)f~ rl' macrophages '1 '1.,1 mJ-:] '11 ~Vl1!ftV 11~!~'W 'ff1!'11Il.l'UV -:]fll'j!f)111 'jfl 

~ d gJ ~ 0 ..:::S d' Q.I 

'I1~Vl1mVl1H~-:]U'U-:]111fJ !lJV flVl~ 'ff!l'lmv ~\1 f)m! ~fJ-:]VV f)'Il1 mC)f~ ~ lJ1fJ-:] pre beta HDL rW !~'ff!I'lV'j V~ ~~\1 f) 

.Iei ~I co 0' 1 11] 0'
!uM'W!u'Wfle:l!~'ff!\1le:l'j~ W'ff!YW'j (cholesteryl ester) ~fJW'U lC)flJ lecithin:cholesterol acyltransferase (LCAT) 

.cd ~ tI Q.I J Q .cf dI

'VlV~U'U HDL !lJVflVl~'ff!I'le:l'jV~e:lVf)'IJ1f)!C)f~'t'llJ1fJ-:] prebeta HDL lJ1f)'U'W HDL lJ'U'U111'l'l1\lj'U'U'1 ~'Wf)mmt/'W 

HDL 'U'W1111'11tY~!1fJf)i1 alpha HDL fle:l!'t'l'ff!IIV'jV't'l~Ve:lf)'Il1mC)f't'lrl'H~~lJ1V~~ HDL if'll~\1f)ri-:]lll~~u!~v 
... , , 

.,jUe:le:lf)~1f)'i1-:]fllfJ'Yll-:]'W 1~ i tJl'l1 mfJ1TI !'If'U flVl't'l 'ff!\1lV 'jV't'lm~ fJ f)ri -:] i 11 Yi~u 111 fJ HDL ,)u tlU receptor 1'11-:]'1 Vi 

~u 1l1fJl'l'J-:] itJlwl LDL receptor, LDL receptor-related protein (LRP), H~~ scavenger receptor class B type I 

Q,I .d Q.I , d' o..::::l gJ tlQ./ 'j) .c::t..c:s I Q.IQ,I 

(SR-BI) 'I1't'l-:]'Il1f)'Vl HDL ~Uf)U receptor t'l1m'W flVt~'ff!\9H)'jV~'Il~\1f)m!~fJ-:]!'U1!C)f~'t'l\1lU111fJl1i\9l1-:]'1f)'U 
... , , 

'UVf)~lf)iJ flVl't'l'ff!I'W'je:l't'l'l'W HDL V-:]'ff1lJ1Hl\jf)ri -:]1'1e:l i llYi~U!~Vfh,)~VVf) f·h'U'Yll-:] triglyceride-containing 

lipoproteins !'If'W VLDL (very low-density lipoprotein) nu LDL (low-density lipoprotein) 1l1fJV1ftfJIv'WiC)f,J 

cholesteryl ester transfer protein (CETP) !rivflVl't'l'ff!I'W'je:l't'l\lf)ri-:]l'1villv-:] VLDL H~~ LDL H~l HDL 'Il~ 
11] """ 11] '" 11] 0' dI 11] '" 11] 0' ,J' ,,"
II'l'JU Imf)mC)fV l'j~ (triglyceride) 'Il1f) VLDL H~~ LDL lJ1U'Vl'U C)f-:] !1I'jf)mC)fe:lI'jl1!'l1~l'U'Il~\lf)fJVfJIIV~lfJ 

11] 0' 0 '1 " '" d • lei "" 11]. I ~IW'W lC)flJ hepatic lipase (HL) 'Vl1 '11 HDL lJ'U'U111!'t'lf)'t'l-:]H~~!u~fJ'U'Il1f) alpha HDL f)'t'lU lutU'U prebeta HDL 

1'l1lJ!~lJ ('jll~ 1)
'" 
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Prebeta HDL 

Liver~ Peripheral cell 

Fe 

Selective uptake G
CE 

Particle uptake 
LDL-R 
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Alpha 
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Endocytotic uptake 

Triglyceride-rich lipoproteins 
, , 

... 1.:::1 t:), Q.I V ~ Q.I Q.J 1~ 
lU'Yl 11].JfI::;mHllX'J.J'UeJ..:! HDLlm::;U'Yl'IJl'Yl'UeJ..:! CETP Ui:I::; HL \9l'Uff'j 1-:J apo A-I 'm1lJmf1'U phospholipid ~ 

dlu prebeta HDL lriD free cholesterol (FC) tlDf11)lf11'lf~~:IJl'il~\lf1111~tI'Ul~'U cholesterol ester (CE) #l1t1 

LD'U1'lf1l LCAT lriD CE nlJ1f1~'U prebeta HDL 1)~f1mm~'U alpha HDL CE \lf1~11~tI-:J~I9!'U l~tI\9l'j-:J l~tI~l'U 
" , 

"" at .1'" '" 1'Vll-:J LDL-R, LRP 'I1'jD SR-BI 'Utlf1'il1f1'U CE D1'il\lf111~f11uM'Uf1'U triglyceride (TG) 'U triglyceride-

containing lipoproteins l~tlD1fttlm'Ul'lf1l CETP 

l'UtY911'V1~~D-:J'Ul-:J 'ln1~ 1'li'U'I1'U mouse 11~~ 'I1'U rat Vj'U ':i11~,m1tJ'U1'lf1l CETP (9) I9!-:JJ'U f11'j~11~tI-:J
'U 'U 

fltH~ff191D 'j Dmh'Ulf1'U 'il1f11'lf~ ~mr'U 111 ~ 19!'U l'U tY9111'11 ri1li' ~-:J1'i'D-:J D1fttl receptor 1'l1-:J'l ~19!'U1'U f11 'j.ij'U tl'U HD L 

1 "" '1 Q.I ".dod 1 rI & ~ 0gJ do
L~tlm-:J flD LDL receptor, LRP 11~~ SR-BI 1191 'Uff911'V1lJ1tJ'U 'lflJ CETP 'If-:J'j1lJ'V1-:JfI'U~1t1 f11'jml~tI-:J 

1 1 




flm'Hn\9ltJ'jtJ~ri ":nJln'lHJlm9Hlrl'fHr'lJ1JJ~~'lJil::tl1flVlc),ul9flf CETP 1~'U'I1~f1 'lJ'Vl'Ul'Vl'IJtJ,:j LRP II~:: SR-BI 

l'Ufl'UJu ~,:j ~hjrltJVJJm1)J,hrltytJf1 

ItJU 19f1f CETP 1~'UItJ'U 19f1f~~lrlty l'UI)JI9l::'lJtJiiff)J'lJtJ,:j HDL 'lJtJ,:jfl'U m'j'IJ1~1tJ'U 19f1f-ci'ri,:j ~,m111'm'j 

~ll~V,:jfltJI~ffll9ltJ'jtJ~'lJtJ,:j HDL ~~JJf1~lJJ Yl1111' HDL ~,:jl'UltitJ~II~::'j::~'lJ HDL l'U1titJ~,!,:j~u (10) m'j'IJ1~ 
ltJ'Ul9flf CETP -ci'1~'Uff11'1111J~l'l'lJl~'litJv~~~'lJtJ,:jm'jJJ'j::~'lJ HDL l'UltitJ~,!,:j (11) mh,:jl'jf\19l1)J m'j'IJ1~ 
ItJU 19f1f CETP l'l'lJ 1~'litJ VI 'Q 'l'n::I'U II ()'lJItJI:Jfv 1~ VI'Q l'll::mh,:j ~,:j'b''U 'b'1~~~'U 1I1'1l'l 'lJ 1~t!tJ V)J1 f1 l'U fl'U ~1'IJ11 
~ '" 0

'J1'jtJ~1~1 (12) 

m'j'IJ1~1tJ'U19flf CETP l'l'lJl~'litJv1'Ufl'U~~'U ~,:jri1'Ul'11t1iln~il1f1m'jf1mv~'Ui'IJtJ,:j CETP gene ~ 
o , ~ d & ~ 

intron 14 \9l'j ,:j\9l1I1'11'U,:j splice site (Ivs 14+ 1 G>A '11 'jtJ c.1321+ 1 G>A) 1I~::'Vl exon 15 9f,:jI'lJ'U missense 

mutation (p.Asn459Gly 'I11tJ D442G) tJci1,:jl'jf\\9l1)J l'Ufl'U~~'U~JJ'j::~'lJ HDL '!,:j l'l'lJl1 36% JJf11'jYl1,:j1'U 

'lJtJ,:jItJU19flf CETP JJf1~ (13) ~.:Jllff~,:j11m'jJJ'j::~'lJ HDL ,!,:ju'lil::ln~il1f1ff11'11I1Jrlu'h)J~1V 
~ 3J dJ Q,I.t!!.c:SQ.I q 

'UtJm'l1'UtJil1f1m'j'IJ1~ CETP IW1 'j::~'lJ'lJtJ,:j HDL 'Vl'!,:j'IJ'U tJ1illf1~il1f1ff11'\111J'Vl1,:j'Yl'U~m'j)JtJ'U"l )J 

.1.1' II] .t °1"., 1 ~ 11]" ~I'j1t1,:j1'UlJ'j::lJ'j1V11m'j'IJ1~1tJ'U ~9f)J hepatic lipase 'Vl1 'I1'j~~'lJ HDL umtJ~,!,:j ~~ (14-17) hepatic lipase IlJU 

1tJ'U19flf~ffmtll\9l'jf1~I9ftJl'jf1'II~~ phospholipid l'U HDL 1I~~I~'U1'l1fi1'11'U~'j~~'lJ HDL ~~lrlty5u'l1d,:j l'U 

Q,I d.c:S II) " d d J Q..I d'
mtJ'lJm1'Vll'lU)Jm'j'IJ1~1tJ'U ~9f)J hepatic lipase l'lu)Jm'jI'Yl)J'IJ'U'lJtJ,:j'j~~'lJ HDL (14-17) 'UtJf1il1f1'U l'U 

iY\9l1'Vl~~tJ,:j V,:jl'lUl11tJ'U19flf endothelial lipase JJm1)J~lrltylum'jm'lJfJ)J'j::~'lJ HDL l~tI'I1~'Vl~~tJ,:j~'lJ1~ 

wUl9flf endotheliallipaseJJ'j::~'lJ HDL ,!,:jf111JJf1~ (18,19) m'jfYmnl'Ufl'U~1'IJ11~JJ'j~~'lJ HDL '!,:j l'l'lJJJ 

Q.I cI .d v 
f1mtll'lU~'lJtJ,:j LIPG gene 'Vlff'j1,:j endothelial lipase (20) 

~1'11 i''lJ 1 uJJ 'j::1'Vlfl'1 'Vl tI V,:j l~lfltlJJ m 'j fYm:l1)J1 ntJ'U11m ':i ~JJ':i ~~u HDL '!,:j1'UltitJ~ In~il1f1ff11'\111J 1~ 

f1~)J ~i,)VI~'Un~WI ':i f1~ l~flml1~ ,:jff11'1111J 'lJtJ,:j'j ::~'lJ HD L 1 'UltitJ~ '!,:jI 'U fl'U 1'Vl tI l~v1'~m ':i Yl 1,:j 1'U 'lJtJ,:j 

ltJul9flf CETP II~~ hepatic lipase l'Uf1~)Jfl'Ul'1i'~JJ'j~~'lJ HDL ,!,:j~1~l'l'lJJJff11'11l1Jrl'U~tJTi'UlVl~IJJ~V'lJIYiV'lJ 

fl'lJf1~)JmUfJ)J~JJ':i::~'lJ HDL JJf1~~JJtJ1~II~~Il'lfl'l fHi'I~V,:j fl'U (l'Ui1il~u'U V,:j I~JJi1i~H1'~m':iYl1,:j1'U'lJtJ,:j 

ItJUI9flf endothelial lipase h.JItitJ~l~) ~~m'ji')vl'l'lJ111uf1~)Jfl'UI'Ii'~JJ':i::~'lJ HDL '!,:j JJf1WYh,:j1'U~~~,:j 

'lJtJ,:j~,:j1tJ'U19flf CETP II~~ hepatic lipase IritJIJJ~tI'lJIYitl'lJtl'lJf1~)Jm'lJfJ)J~JJ':i~~~ HDL JJf1~tJci1,:jJJtJtI~lrlty 
(21) ~,:jff11l111J'lJtJ,:jf11'jYl1,:j1'U'lJtJ,:jItJ'U 19f1f-ci'fl~~,:j u'lil~ln~il1f1m1)J~~JJf1~lU ':i'l1ff~'U ~m ':i)J'lJtJ,:jV'U CETP 

1I~::/'I11tJ LIPC ~mUfJ)Jf11'jff~1,:j1tJ'U19flf CETP II~~ hepatic lipase \9l1)J~1~'lJ,t'U1tJ,:j 
I • S.I v 

U'U CETPtJ~'lJ'Ulml)JI9f)J~Yi 16 JJ':i::f1tJ'lJ~1V 16 exons Viff~l,:jm~tJ~m'U'vr,:j~u 476 m~tJdn'U 
• I" 

m':iIJJ~tI'UIIU~,:j'IJtJ,:j':i'l1ffl~'U~m':i)JVil'l'lJ1'Uv'Uij iJil~U'U 'YlUtJV1,:jt!tJV 10 91111'11u',:jl'Ufl'UiO~'U (22) l'Ufl'U~'U 
I 
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U~~ il'i"rj')'W 'Vr\Jnfll'Jflm(Ji'Wi~l mlJI~(J,:j tlU i'Wf1'W~~'W (23-26) 1'Wf1'W~1'IJ11~U l~u~.uumJ1fl (12, 27-29) 

u~~i'WfI'W lvW iJ,:j lJ.infll'Jftmmnnm..! 

~'W LIPC ~ff~l,:j hepatic lipase u~u'W1m IlJ 19f1J~~ IS l.h~fl'f)U~1U 9 exons n'J1U,:jl'Wfll'Jflmui'Wi 

l.h~ihlvi'W'Hmm~'f)')j'1~fl11 10 mutations l~wlfiuu~,:j'HlJ~~UI~'W missense mutation (30-33) 

~'W LIPG ~ff~l,:j endothelial lipase 'f)~U'W lf1'J IlJ 19f1J~~ 18 ih~fl'f)U~1V 10 exons fll'Jftmn'Yl1,:j 

i'W~m'JlJ nl'v;V,:jfll'JftmJ1l~V1~l'11i'Wf1'W~n'J~~U HDL-C ~,:j~1'IJ11U~~~1~1 (34) 'Wumf'WI~'Wfll'JftmJ1 
polymorphism i'WfI'WUfl~'H~UfI'W~nhfl'l11 i'il (35-37) 

nfll'JftmJ1fll'Jflmvi'Wi'IJu,:j~'W CETP ~~ul~iluvi'WfI'W~~'Wfi'f) D442G l~viifll'J express i'WI9f~~ 
cf &, dj i91 0 II) a' '" 

l~l~mv,:j 9f,:j~U11 D442G IU'Wffll'H~ 'HfllHl1,:jl'W'lJU,:j!U'W 19f1J~~~,:j'il'J,:j (38) 

fll'Jftfl1Jl'J'l1ffi'W'I!m'JlJiw:hu'IJu,:j exon, exon-intronjunction u~~ promoter 'lJU,:j~'W CETP, LIPC 

u~~ LIPG U'IJ'IJ resequencing approach U~~l'11fll'JV'WiJ'Wfll'JIU~(J'WUU~,:j'H.ul~'IJ'f),:jmllJ~~Ufl~'Yll,:j 
<11 d 'jJ .,:g ~I £9 I dt ~ 0 

~'W~m'JlJ'Yl~U~1V expression studies 'il,:jlu'WfllH'ff11JlI1lUl'W'f),:j'illflfll'JMfl1Jlfll'J'Yl1,:jl'W'lJU,:j CETP U~~ 

hepatic lipase i'WfI'W l'YlV (21) 

'jJQ(V , d' 'jJ ,od 111 'J1 & d~ &.ct.d..ct I <11 .::2 Q.I 111 ' 

~1'ilVfI1~11'f),:jflmllJ'i''HlJ'Yl'il~ 1~'iJlflfll'Jf1'fl1J1'WflU'Yl'Jl'IJt:I,:jV'W'YllJ~~\9l'f)'J~~'IJ HDL~,:j 9f,:j(J,:j !lJlrlV 
~ , 

'" ~ '91 91' "',9191,91 "'91
lJfll'JMfl1Jl'f)(J1,:jlu'W'J~'IJ'lJm'IJm'W:IJ1fl'f)'W 'J1lJ'Yl,:j 'H'lJUl,j~ 'W~1'W'IJ'f),:j single nucleotide polymorphism 'YlIU'W 

~ , 
, II) .,g '" 0 "'... '" , I "'''' i ... a'91 a'

'J~'IJ'IJ 'WfI'U 1'Yl(J fll'Jf1'fl1Jl'W'il~'Yllfll'J(J'WV'W pathogenicity 'IJ'f),:jmllJ~~ufl\9l'Yl~'IJ 'W'J~~'lJI9fM~1V U,:jfl 

m1lJV'H J.i'illfl fll'J ftfl1J1.cr 'il~1J'f) flii,:jiJ 'iJ ~V~ ii ~~l9iu 'J~~1J HDL ~,:jU ~~ffl:1J1 'J t:I i ~llJ'WliJ l'H:IJ1 vi 'W fl1'Jftmn~'f) 
I. • " 

V'f)~I~'f)f{'W'H11~u:r'IJIU~v'W 'J~~'IJ HDL ~1V(J1'H~U"'1'J'Vin ~~~u1 U 'J~'WIiJl'H:IJ1v'mJI'H~hl!'W l~vn~~'H:IJ1V 

l~unim~~'IJ HDL U~~~~fll'Jln~ hfl'H~u~I~'f)~u~,:jIl~,:jl'U~,!~ 

l\llt;jU'j:-;t1'\I~'lJU,:jIm\lf)1'j1U£J 

I. 1~'f)ftfl1Jlii,:j fll 'J Iu~V'W IIU~,:j 'lJU,:j 'J'l1",i'W 'Ii m 'J lJ'IJ'f),:j~'W~ "'~1\11U'J~'W ~nml:IJ1:YlrlUJI9i'f) fll 'Jm'IJ f1lJ. u. 
'J~~1J HDL i'WfI'W~n'J~~'IJ HDL ",,:j

" 
I I I II • 

'" '" ... ,1"',1 ... ... '" '" .,g 1 ~ 91 '" 912. 1~'f)V'WV'W~~'IJ'f),:j fll'J lu~V'W1I u~,:j'IJU,:j'J'H"'~'W~ m'JlJ'Yllfl~'IJ'W ~Vfll'JMfl1Jl'11'Wl'Yl~1V in vitro 

expression studies 

'lJU'lJI'IJ\ll'IJU\llm-.3f)1'j1U£J 

i'W lm,:jfll'Jl~vtf l'11f11H\'fJm'l1"''Yll,:ji'W~m'JlJ'Uu,:j'IJU,:j~'W CETP, LIPC U~~ LIPG ~"'~1,:j lu'J~'W 
CETP, hepatic lipase II~~ endothelial lipase mlJ~l~'IJ i'WfI'W~n'J~~'IJ HDL "J:,:j~1'W1'W 64 'Jl(J IU~V'\JI'ViV'lJtl'IJ 
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fl'U~lj'J~riu HDL lJn~ 113 'JltJ hltJYilm'J~tJ~'J'l1ff-W'U~n'j'jJJ1mil'U'\H).:J exon, exon-intronjunction II"~ 

promoter 'lJtJ.:J~'U~ncillm !rltJ'I'IlUl1nnn!lJ~tJm11rium~tJ~m'U~1:U!fltJnm'JftmnmritJ'U l1~tJnm'JnmtJ 

-W'U i~fll~ 'hil~Yh1'11'nn 111.:Jl'U 'lJtJ .:J1tJ'U I C)$lf!lJ~tJ'U!! lJ".:J llJ ~.:J ll~Yi1m'J ~'U V'U 1~ iJnl'J ftnfJ 1 nn!lJ~tJ'U!! lJ".:J 

" "'1 <V "'''''''''' , "1.1'lJtJ.:Jl1'Ul'Yl 'U'J~~U!C)$ml l~tJTIi in vitro expression studies \1\tJ tu 

'fIqll~ ffJJJJ~~l'U 1!~~fl'H)1JU'U1fl11JJfl~'\JtJ'Ilm'l fll'i1<OtJ 
<V 1.<1.<1dj dJdJdj' 'l 

'J~~1J HDL 'U!~tJ~ ~tJ!'IJ'U complex quantitative trait 11'U.:J C)$.:JI'IJ'U~mnnmlJJII\1\f1\911.:J'lJtJ.:J DNA 'U 

l1mtJ"11l11111111.:J (3) 1'UiJll~u'U 'I'IlUl1m'J~n missense DNA variants '\1mtJ"11l111l'\111.:JI~mlltlll1'U~ 
Q,I QJ 0I ~d ..:3 <r Q.I cl.c::l 1 .J 

quantitative trait \1\l.:J"1ll.:JJJm'Jl'tnfJl l~tJtJlfltJm'J~tJm'\1ff'l'll'U~m'JJJ'YlI'JtJml resequencing approach C)$.:J'Yll 

m'J~tJ~ 'J'l1ff-W'U ~m 'J JJ'lJtJ.:J~'U'\1 m tJ"1~'W ~'I'IlU 11nmlJJ!~tJl-iJtJ.:J nu ~nfJUJ ~~flnfJl l~tJl'i''Ul1l missense DNA 

variants 1'WlJ'J~'b'lm nciJJ~n~nfJUJ~~l'i'tJ.:Jm'JflnfJlri.:Jnci11 (4,5) nm'J 1~11itf1'U m'Jftf1fJl trait 'lJtJ.:J hfl'\1~tJ
q 

~nflUJ~~'V'Iu1itJtJ 1'l1'Um'JflnfJl1'Ufl'U~n'J~riu HDL ~l 'I'IlUl1In~1l1nn missense mutations 'lJtJ.:J~'U LCAT, 

APOAllI~~ ABCAI (3) m'Jflf1fl11'Ufl'U~n'J~riull'1'Jf1~!C)$tJl'J~~.:J 'I'IlUl1In~1l1f1n missense mutations 'lJtJ.:J 

~'U LPL, APOC211~~ APOA5 (5) mh~I'Jn\1\lJJ f1l'Jflnfll'Yll.:J-W'U~m'JJJ'lJtJ.:J'J~ri1J HDL ~.:J~~l'Um V.:Jl:UlfltJ 

"" ' 1".,."" 1 

ffJJJJ\1\2Il'U'lJtJ.:J 1fl'j.:Jf1l'JllltJ'U fltJ'j~~U HDL 'Yl~.:J'IJ'U 'WWtJ~ !f1~1l1f) missense mutations 'UtJ.:JtJ'U 

~ 9 ., , ,.,.
JJm'J\'1f1flltJtJl.:JI'J'U'J~UU l~tJ 'b'11i resequencing JJlntJ'U11lfWl1l1f) missense DNA variants 'U candidate 

gene Ilil.:J"1l1~tJ l:U 

q "1 .qQld'~ QJ .d &1.<1 .,. "" 

1 d.c::l 'j/ Q.I Q.I 4 .as 
\1\l.:J"1'Yl!f1tJ1'UtJ~f)m~~U HDL fltJ tJ'U CETP. LIPC !W~ LIPG 

LCAT 

APOAI 

ARrA 1 High HDL 

D D 
CETP 

LIPC 

TJPr; 
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l.h~1!'J'If-U~rmd, 1l~'vWUII'tl~l'Il-i1!'J,:j''\.!~ -UUHlfll11~!'J"tfl'lf'th~IU'If-U 

~"'UfJ.:Jfnj111tlci''iJ ~I~'U ll.:Jr1f111:IJ fl11:wl 'U fll 'j 'Vl 'j lU ().:J fll'j flmtlVl'U i'Ull.:J V'U~1:Y!l.:J i 'l.h~'U~iiU'VlUl'Yl 
., d! ., II] I '" & I ~ - 'jJ I .?: 9 'jJ'jJ '1 'V 

fI1UfJ:IJ'j~~U HDL 9f.:JtI.:J !:IJ!fltl:IJfllH)'flEJllltll.:JllJ'U'j::;UUmUtI1'U:IJlflfJ'U 'J1:IJ'Vl.:J !l1'UfJlJ" !'U~l'U'UfJ.:J single 

nucleotide polymorphism ~I~'U 'j ~UU I 'Ufl'U1'Vl tI fJ.:J r1f111 :lJflm.imflfll'j ftflmci''iJ~U fJ fl().:Jl1'illlfJ~ii ~"l'1fJ 
'j::;~'\J HDL ~.:J!!"~1:Yl:1Jl'j i:l I ~,~'U~'U~''UI 'U fll'jllltll'1fJtlfJ~ I'Ufl'Wlfll'll~flfi''U111ilhH'u!1J~tI'U 'j~~U HDL 

~1t1fJ'11 SfJ1:Yl'j~lJ ~"l'1fJhh ~h.Jltlll1:1J1 tilmj!11 rilJ'U i ~ tllJ 'iJ~l1:1J1t11 ~fJI~:IJ'j::;~U HDL ""::;"~ fll'j Ifll'l i'j fl 
q 
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~ ~.c::f, a 'JI qJ'" 'JI ~ v 
'IJ'tlVlt)'tl1l~::;111 fll'l! flU'll t)\l~II~::; m tJrJl-.3;n flfj~ fl1 'iltl 

i1-Jfll'j~mJ1ii HIl11mh-:J!~~~'IJ~-:J~!,j'li1lJ1m-:Jfln1~vYJ'Uh~lfl!fjmYlJ lfl'lf ~-:J '~~l'Ufll'j 
Q ~ Q .c::f, 'J} 'j/ 9J 9J I Q QJ It) " ~ i "'" 
'VHJ1'jru1~lflflru~m'jlJfll'j~~1'jru1'iJ'j V'!i'j'jlJ!'j VlJ 'j~V!!~ 1 !!~~~!'lJ1'j1lJ1~V !~~-:J'U1lJV'UV~lJ 'YilJ fll'jm1~ 

'jl1~HY1'j~'U~m'jlJ'~ 

~T\.l1'tl 'Hlt)'IJmVl~16l'h:J~H/ftmn 

~ih~~lJ HDL-cholesterol "J:'l (hyperalphalipoproteinemia V(~'El HALP) 64 'j1V'iJ1flfl~h1fl~':hv'U~fl 

h'l~V11J1~~W1~'lmru l~vl'i'~'l~'j~~lJ HDL-cholesterol ~2.59 :iJ~~llJ~/~I'l'j (100 :iJ~~fli'lJ!!~c]f~I'l'j) mh-:J 
'" , 

.u~v 2 flf-:J l~v'll~~lml'll1~1i1J1V'~ !I~~'ll'~i~V1l1~rI~~m~~lJ HDL-cholesterol ~h'UflcilJfI1lJfllJ 113 
q q q 

'j1Vij'j~~lJ HDL-cholesterol Ufl~ 

v 
qJ ~ v .q.c::f, ~ J 11 

'IJ'UVlt)Ufll ')1 'iltlU~::; 111fll ')11f)') 1::; 'H 'IJ em~ 
'II 

d ~ <jJ <jJ t ~QJ ~ t d.c::f, <V I ~ I <V I 

tlJ~m~~'IJ11'IJ~'lr;!!'IJ1'j1lJ1'iJVmfl'llJ'VllJ'j~~lJ HDL "J:'lf111'Yi'jm'Vl1fllJ 100 lJfl./~~. !!~~fl'llJ 

fI1lJfJlJ ~'~v11fl1'j!~lJ'1!!~1iJfl111lJ1~n~ DNA ~1V11iyj'U~~fI~~h~~{lJ DNA 'IJ~'l~ij'j~~lJ HDL "J:-:J !I~~ 

'lJtl'lfl~lJfI1lJfJlJ ~~iJflv11fll'j!vtlJ~1'U1'U DNA ~1V11i polymerase chain reaction (PCR) l~vH primers i'U 

ri1'U'IJ~-:J exon, exon-intron junction !!~~ promoter 'IJ~-:JV'U CETP (16 exons), LIPC (10 exons) !!~~ LIPG (9 

.c::f,
, 'J) 1 .. 1 .c::f, 0 QJ <V 

" 
.c::f,

exons) 'Vl~'j1'l lU'jI'l'U CETP, hepatic lipase !!~~ endothelial lipase 1'l1lJm~lJ 'iJ1fl'U'U 'iJ~lJfll'jI'l'j1~~~lJ'IJ'U1~ 

DNA 11~fll'i'~-:Jl'lllJ~I'i'~'lfll'j~1Vl1i gel electrophoresis !!~1~'lri'l DNA ~!vtlJ~1'U1'U!!~1 'Um1~~~lJ'j11~ 
'" 'I """ " ~'U~m'jlJ I~V1'!i direct sequencing ~1V automated DNA analyzer 

i'Ufll'jI'l'j1'iJ~~lJ'j'l1~~'U~m'jlJ'IJ~-:Jv'U CETP, LIPC !!~~ LIPG !rl~l'IUf11'jflmv~'Ui~~~Ufl~ 'iJ~ 
, I' " 

v11f11'j!U1VU!l1VUnU database 11~~~ l!'t1~~flfJ1!~lJ!~lJi'U~l1~'j~~lJ HDL "J:'l !!~~fl~lJfI1lJfJlJv1-:J'YilJ~ l~v 

i~l1i PCR-restriction fragment length polymorphism (PCR-RFLP) 'Yi1fl~lJfll'jflmv~'Uil'Yill (new mutation) 

'iJ~v11f11'jUWr'U!U1 VlJtl1VlJ nlJ 1m IlJ 19f1J'IJ~'lfl'UU fl~~1'U1'U~V1'l.u~V 200 1m IlJ 19f1J 

trl~~lJ 11 ~ fll'j tu~v'U1!h~lJ m ~~~:iJ1 'U ~ 'llt fI v~ fll 'j~mJ1lJ1 tl~'U , ~~ fl nfl1~ flnru11 fll 'j fl~ 1V 
, " . 

~'Uil1tn~~'Uv11il1'fll'jv11'l1'U'IJ~'lIU'j~'UtU~v'UIIU~'l 'U'Yir~ llll~vl~lummlJ PANTHER, PolyPhen-2 

!I~~ SNP3D 
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.oS "I"'" 1 " "''1 '" .. 'I "ad 'I'1 'Wf11'ji'l'f)'l:Jlf11 'HufW'Wl1ufl\l'UtJ\l11'W1Yl 'W'j~~UI9HHl (expression studies) ~~ ~'lfTlilJW')'j]l'W ~'Uf11'j 

l1ff~\ltJtJf)'UtJ\lU'Wl1Uu41fl'jl1 (transient expression) l~tJ]jf11'jII'1~tJlJ full length DNA !lfI~ mutant DNA ~]j 

f11'j IU~tJ'W!lUfI\l r:ll~UIUffl'11lJ~ ~Uf11 'j f)fI1V-n'U i~1 tJii site-directed mutagenesi~ 11 fI ~V'UU'W ~1tJ f11 'j 'rll 
• v 

sequencing IYitJ clone 1.u'11U'1'W expression vector ~1f),!!'W ~~'rllf11'j transfect l.u'l''WIC)j'fI~ f11'jflf)'I:J1f11'j 

IU~tJ'WUUfI\l'UtJ\ll1 ,rl~'1'U'j~~U!C)j'fI~~~'rll1~tJf)l'j1~ f11'j'rll\ll'W'UtJ\l1 U'j~'W'1'U1C)j'fI~!m~ '1'W media ~1~l~litJ\l 
lC)j'fI~IU~tJUI'Yivufi'W'j~1111\l DNA Uf)~l1f1~ DNA ~]jf11'jf)fI1tJ-n'Ui '1'W fl'jru~~u f11'j f)fI1v-n'Ui'1'Wri1'W'UtJ\l 

v d~ ~ 0 v 
promoter '1 'If vector YllJ reporter gene 11f1~1~f11'jYll\l1'U~1tJ reporter assay 

'" 'oJfll':i1!ml~11'IJe\!~ (Data analysis) 

.u'tJ'.!flYiiJf)l'jfl'j~~lvIli'111UUUf)~ (normal distribution) l1ff~\lNfll~tJH' mean ± SD ri1'W.u'm.!fI~'11]j 

f11'jfl'j~~ltJIli'111UUUf)~ !!ff~\lNfll~tJ'~ median (interquartile range) f)WVl~fftJUf)l'jfl'j~~lVIli'111!1l'U!!UU 
• 1 a "I lit • '1 " " • Id I 'I"d Iuf)l'1l1'jtJ tlJ 'lff11'jYl~ff'f.)U~1tJ One-Sample Kolmogorov-Smimov Testf11'jluHJUIYltJm~1111\lf)'llJ ~'If Chi 

"I a"" '" I 'I "1" I a asquare 11'j'f.) Student t test f)l'j1!ml~11'U'f.)l.JfI~\lf)fll1 ~'If U'jI!fl'jlJYl1\lfff:ll'1 SPSS 
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crf)Elu!~~'W~l'W'IJ'fl,nh~'lflm~ftm:l1~-:) 2 f)~lJ!!'ff~-:)l'W\P11'jl-:)~ 1 i'ltdlf)~lJ~iJ'j~~U HDL

cholesterol ~-:) (HALP) iJ'j~~'U total cholesterol ~-:)nl1!l('l~'j~~'U triglyceride 1ll1f)11'flVl-:)iJtTrJ'fflr1t1j 

HALP Controls Pvalue 

(n=64) (0=113) 

'fll~ (U) 

~~ri1'U1i'lf1'11t]-:) 

Total cholesterol (mg/dL) 

Triglyceride (mg/dL) 

HDL-cholesterol (mg/dL) 

LDL-cholesterol (mg/dL) 

53.6 + 14.2 


91% 


245 .7 + 42.1 


66 .8 + 31.7 


114.9 + 13.4 

116.6 + 39.1 

50.7 + 16.5 


81% 


200.0 + 42 .2 


99.1 + 53 .3 


62 .8 + 12.8 


117.9+37.4 


0.22 

0.08 

<0.001 

<0.001 

<0.001 

0.83 

!!'ffm.,j'tJ~"I~'W mean + SD 111'fl %. HALP: hyperalphalipoproteinemia 

l'l1'jl-:)~ 2 !!'ff~-:)f)1mJ~v'Wllu"-:)'lJtJ-:)'j'l1'ffvr'W~m'jlJ~i'I'U1!mJl'Wv'W~ftf)Elll'Wv'W CETP i'I'Uf)1'j 

IU~V'WI!1J,,-:) 21ll1!!rni-:) f)1'jIU~V'WIIU"-:)II'jm~'W novel4-bp deletion 1'W exon 9 1-11'fl c.785-788deITCCC~-:) 
, " 

IflV'jltl-:)l'U 1~VflUj~~1,]tllJlr1'fl'W (21) f)1'jIU~tIi.JIIU('l-:)\j fllWlTVll l11'ln~ frameshift mutation In~I~'W 
<l.I ct ~ • .d dd 

premature stop codon 11('l-:)~1f)'W'W 31 m~'fl~lJ1'w 'ff1'Wf)1'jIU('lV'W!!U('l-:)'Vl 2111'W novel 5-bp duplication 1'W 

'" d! '0'1"'" "':::texon 1311'jtJ c.l226-1230dupAGACT 9!'-:)fll~11'Vll L11If)~ frameshift mutation !f)~IU'W premature stop codon 
Y I )I ,., I JI 

1-1cr-:)'illf)tT'U 6 m~'fl~m'W f)1'jIU~tI'WIIU('l-:)'Vll-:)vr'W'lim'jlJl'1-:) 2 \jfllWlTvhl11'ln~ 1U'j~'WYi~'W('l-:)!!('l~'lJl~ri1'W. 
d! ~ • "'OJ OJ 10] OJ

C-terminus 9!'-:)llJ'W'ff1'W'Vl~lJf)'U l'lJlJ'W 
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" , 
Vll'.il'ln 2. flljltl~[J'Uutli;1'l'll~'lj'l1l1'~'U~f)jj:l..&rn.J'u~[J (rare sequence variants) 1'Uti'U CETP, LIPC lli;1~ LIPG 

Location Variant name Known Predicted effect at the protein level No. of carrier 

or novel 

DNA level Protein level PANTHER PolyPhen SNP3D HALP Controls 

(common name) (subPSEC score) -2 (SVM score) (n=64) (n=113) 

Gene: CETP 

Exon 9 c.785-788 p.Leu262ProfsX31 novel Frameshift with early truncation 0 

delTCCC 

Exon 13 c.1226-1230 p.Val41lArgfsX6 novel Frameshift with early truncation 0 

dupAGACT 

Promoter g.4989-5006 (-25_-42del novel 0 

deIGGGCGGA~ GGGCGGACA 

ATACATATAC TACATATAC) 

g.4982G>T (-49G>T) novel 0 

g.496IC>T (-70C>T) novel 2 0 

g.4659C>T (-372C>T) novel 0 

Gene: LIPC 

Exon 3 c.42IA>G p.Gly14lSer novel deleterious probably deleterious 0 

(-4.43) damaging (-1.58) 

Exon4 c.517G>A p.Val173Met Novel deleterious possibly deleterious 0 

(-6.43) damaging (-0.53) 
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fl1'HU~tI'UIIUfl.:J'Vl1 ','I'W'U1!m'JlJ1'Uri'"H.l'Uf).:J CETP promoter I\,HJiJ'Jltl.:Jl'U',h~lJw'U,rfhJm1~ HDL~.:J 
." , 

(39) 1'Unl'Jftfl1:ni1 'W'Unl'JIU~tI'\.mufl.:J1'U CETP promoter 4 III1 I I'll u'.:J l~ltIl~'U novel 18 bp deletion mutation 

lllllU'lnJ.:J ri1'Uf11'JIU~tI'UIIUfl.:JBf1 31ll11l'11u'.:J I~'U heterozygous novel pOInt mutations l~lItl gA982G>T (

~ 11] 1.o:::S • 

49G>T), gA961C>T (-70C>T), IIfl~ gA659C>T (-372C>T) "If.:J !lJll'ltllJ'JltJ.:Jl'UlJlf1tl'U 

1'Uu'U LIPC 'W'Uf11'JIU~tI'UIIUfl.:J~'W'l.nrf)tI (rare variants) 2 III11 1'I1u'.:Jflf) p.Glyl41Ser IIfl~ 

p.Val173Met 'illf1f11'J1~lummlJ 3 lummlJ (PANTHER, PolyPhen-2 1I(j~ SNP3D) Vll'Ultl'hvr.:J 

p.Gly141 Ser 1I(j~ p. Val173Met Vll1'11'1U'J~'UVlHl'U l~ml(j.:J~.:J~nl.:J~ 2 ffl '11 i''U1'UU'U LIPG l11'VI'Uf11'J 

I U ~ tI'U IIU(j.:J ~'WmYf) tI'11rf) 'VI 'U1'1111 

f11'JIU~tI'UIIU(j.:J'Vl1.:Jw'U1!m'JlJ~'W1JUtltJ (common variants) 'VI'U 3 III1 I I'll u'.:J1'Uu'U CETP flf) 

p.VaI422Ile (I405V), p.Asp459Gly (D442G) 1I(j~ gA402C>A (-629C>A) ~.:JII 'Ml.:J1'U\111'J1.:J~ 31'Uf11'Jftf1'fnif 

'W'U',l1'W'U p.Asp459Gly 1~'tjf)tlf1111'Uf1~lJ~iJ HDL ~.:Jtl~l.:JiJ'lTtlfflrlty (Odds ratio = 8.3, 95% CI 2.6 to 26A, 

d 
9l1'Jl.:J'Vl 4). 

.. U . 1~ U~ v ~, ~VInnY! 3. fll"Jl tltJ'Ull tl.:j'YIN'l"I'U~f1nl.J'YI'l"I'U'UfJtJ (common sequence variants) 'UtJ'U CETP, LIPC IItl::: 

LIPG 

Location Variant name Allele frequencies Pvalue 

DNA level Protein level SNP HALP Controls 

(common name) Identifier (n=64) (n=113) 

Gene: CETP 

Exon 14 c.1264G>A p.Va1422IJe (I405V) rs5882 OA30 OA47 0.824 

Exon 15 c.1376A>G p.Asp459Gly (D442G) rs2303790 0.133 0.Gl8 <0.0001 

Promoter gA402C>A (-629C>A) rs1800775 OA92 0.385 0.057 

Gene: LIPC 

Exon 3 c.283G>A p.Val95Met (V73M) rs6078 0.352 0.296 0.287 

Exon 5 c.644A>G p.Asn215Ser (NI93S) rs6083 0.297 0.580 <0.0001 

Exon 7 c.1068C>A p.Phe356Leu (L334F) rs3829462 0.039 0.053 0.616 

Gene: LIPO 

Exon 3 c.332C>T p.Thrllllle rs2000813 0.344 0.263 0.115 
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i'l.{tI'W LIPC 'V-l'Urn'H,j~V'WII,j(l~'Vll~I.:r'W~f)JjlJ~'V-lUlh:JtJ 3 \9l11111t1~ fitl p.Val95Met (V73M), 

p.Asn215Ser (NI93S), 1I(l~ p.Phe356Leu (L334F) 1I(l~tI'W LIPG 'V-l'U I \9l1tll1t1~fitl p.ThrlI IIle mllJ~Yi 
. " . 

1~'U'l'W,jn'lilfljYiffm-nyJ~ / f1~lJ l11ll~fwi1~ fl'W Vf1tl'W p.Asn215Ser Yi'V-l'U 1~'tJ'tlVf111 'l'Wf1~lJ HDL "J: ~ 
, 

(mjl~Yi 3) 

trltl~1l1jW lmllJ~'lJtl~rnjt,j~v'WlI,j (l~'Vll~vr'W ~f)JjlJ~'V-l'UtJ'tlvl 'WV'W CETP l1~tl LIPC'V-l'Ul11'W 

f1~lJ~JJ HDL "J:~ 'V-l'Ul~ 5/64 (7.8%) tYiV'Ufl'U 0/113 (0%) l'Wf1~lJfrJ'UfJlJ (OR = 00, P=0.0056, ~ljl~~ 4) 

i 'W 'lJW~~mllJ~'lJtl~ rnjt,j~ V'W 1I,j (l~ 'Vll~vr'W ~f)J j lJ~'V-l'U,jtlVi 'W V'W CETP, LIPC 1I(l~ LIPG 1111l~f1\911~ fl'W 

n1111~f1~lJ Vf1tl'W p.Asp459Gly (~ljl~~ 3 tm~ 4) Odds ratio 'lJtl~rnjt,j~v'WII,j(l~'Vll~t.:r'W~fljjlJ~'V-l'U 

tJ'tlVi'Wv'W CETP l1~tl LIPC 111tl CETP p.Asp459Gly t'Vllfl'U 11.51~vJJ~lmllJt~tl~'W~ 95% tl~i'W'Jh~ 
dI 

3.7 t1~ 35.7 (P<O.OOOl) 

~ ~ Q

VIl':iN'fl 4. Carrier frequencies 'UeJ~ sequence variants &'W'J'U CETP mn~ LIPC 

HALP Controls P value 

(n=64) (n=113) 

Rare variants 

- >1 CETP variants* 3 (4.7%) o 0.046 

- >1 LIPC variants 2(3.1%) o 0.129 

- >1 CETP or LIPC variants 5 (7.8%) o 0.0056 

Common variants 

- >1 CETP p.Asp459G\y 15 (23.4%) 4 (3.5%) <0.0001 

- >1 any CETP variants 56 (87 .5%) 94 (83.2%) 0.518 

- >1 any LIPC variants 51 (79.7%) 99 (87.6%) 0.193 

Rare and common variants 

- >1 rare variants or CETP p.Asp459Gly 19 (29.7%) 4 (3.6%) <0:0001 

* Individuals with novel point mutations in the CETP promoter were treated as controls 



""I _ J.ct _ J q iI.ct OJ <i 
Novel deletion mutation 1'\.! CETP promoter U(l~fll':iflfl'lllfll·HlJ(l£J'\.!UlJ(l~ l'\.!'H'\.!1'YI':i~Yl1J19HHl 

f1'Wl'li'l 'l1t'J l'11J':illi heterozygous 18 bp deletion mutation 'l'Wff'J'W'IHl\l CETP promoter ~ 

~lH'YIti\l -25 ~\I -42 lJlJ111fl transcription start site, -25_-42del GGGCGGACATACATATAC ('l'l.J~ 3, 

.& lIJ I I ~ ~ 0 I .c=9 
GenBank accession number HMI91724) C)J'\I ~:JJ'YllJl'WmpJmlJ'fl:JJ'Vl\l 113 'l1t'J !'Wtl\l111fl\91111'YI'W\I -2611\1 

43 'Um CETP promoter !~'WlJ~!'Jru~lifll'l.ulJ (binding sites) rlmi'lJ Spl transcription factor l!(\~ TATA 

box (~'l.J~ 3) ~\lli'llt'J\ll'W'h Spl Vhmrl~!~'W\9l'Jm~~'Wfll'l!!f(\91\1tltlfl'Utl\lrl'W CETP ~19l1!!WW\l -37 ~\lJ'W 
. " d 'l~iJ dl 1 'l~ d &1IJ~o

novel deletion mutation 'Vl'YllJ l'W~ 'Jt'J'l1t'J'W 'W11~f(\I~(\ mfll'lHf(\91\1tltlfl'Utl\lt'J'W CETP (\\91(\\1 11\1 ~\91'V11fll'l 
'" . 

'Vl\91(\tl\l transfection experiments !~tJ'l.J'l~!iJ'W transcriptional activity 'l'W!C)J'(\(\ 
~ 

HepG2 

~""IIJ~o 'I' 'I 
~'J11tJ !\91'V11fll'l clone 777-bp DNA fragment 1'Wf(TU'Utl\l CETP promoter (\\1 I'W luciferase 

~ 'I ~ 0" dllJ ~ 0 

reporter vector !W~ transfect !'Ul I'W!C)J'(\(\ HepG2 f(l11'llJ 18 bp deletion mutant 'Vl1\91111flfll'l'Vll site-

directed mutagenesis 'YllJ 'h luciferase activity 'l'W celllysates (\\91(\\I!'I1~tl!~t'J\I 12% !~tJ!'Yit'JlJnlJ wild-type 
. " 

sequences (0.60 ±0.1 vs. 4.93 ± 0.2, P <0.001, ~'l.J.yj 4) ~(\fll'l'Vl\91(\tJ\lihkil nove118 bp deletion 

.d GI .c::1 QJ QJ o'ev 
mutation 'Vl'YllJ!'W CETP promoter :JJfI'Jl:JJf(:JJ'Yl'W1ifllJfll'l(\\91(\\I'UtJ\I transcriptional activity 

-25 -42 deletion - . 
-53 CCGTGGGGGC ~GGGCGGACA TACATATAqG -24 

t t 
GC box (SP1 binding Site) TATA box (TFIID binding Site) 

-23 GGCTCCAGGC TGAACGGCTC GGGCCACTTA 

L.. 

+1 

~'l1~ 3 'i:llvl'Ufll':i!~£J\lYl1'IHl\l nucleotide hHhwlJeI~ CETP promoter !!(l~ novel deletion mutation ~'Yl'U 



mock 

pCETP-777bp-629C Luc 

pCETP-777bp-629A Luc 

pCETP-777bp-629C-18 bp del Luc 

o 2 3 4 5 6 


Relative Luciferase activity 

l'l.1~ 4 Luciferase activity 1u cell lysate 



" , " 
m1~ HDL ~'l'l1~tJ HALP lf1I'lI~'Il1f1TI'lmI9J1'i1'l"l~'l'Yl1'loW'U~m'JlHlrl~ff'lI!1I'l~mJ l'Uf11'Jffmnw 

l~yhf11 'HWI'l'J'I1TI'V'U 3 V'U ~n'J 1t1'l1'U 11 ~lJoW'U TInlLf111~ HD L TI' '1 rJrlf11'Jfff1fl Tl'ud1f11'J lU~ tI'Ull1Jrl'l 'Yl1'l 
'U 

oW'U~m'JlJ~'YI'lJutJtI (rare variants) l'Uv'U CETP llrl~ LIPC 'YI1il~1JtJtll'Uf1~lJ~n HDL ~'llrlmVitl'lJn'lJ 

f1~lJm'lJf.llJ (7.8% vs. 0%) llrl~f11'J1U~tI'UllULl'l'Yl1'loW'U~m'JlJ~'YI'lJI~1itJtI (common variants) 'lJtJ'lV'U 

CETP fitJ p.Asp459Gly 'YI'lJl~1i'Otll'Uf1~lJ HDL ~'lI'lf'Ul~(nn'U (23.4% vs . 3.5%) 1I'ltl'J1lJ'YI'lJ11 29.7% 

II] ~.dc1 c1 > 9 c1 "I "I >
'lJtJ'lfl'U L'IJ'YllJ HDL ~'llJ _1 copy 'IJ'O'l rare variants ~'UtI'U CETP 'l1'J'O LIPC'l1'JtJ _1 copy 'IJ'O'l common 

CETP p.Asp459Gly variant 

f11 'J~f1fl1~ r-h'U lJl1Mtl1tl'lJ'lJ 'Yl'lJ 1'Yl'Yl1'loW'U 11 m 'J lJ'IJ'O'l 'J ~ ~'lJI'lJlJ'U 1'UliltJ I'l NI'lUf1~ l~'l~lTI f11'J 

... dI & , 

l:WI'l'J11TI' (resequencing approach) CJ!"'lf11'Jft'f1fl1'IJtJ'l Cohen llrl~flru~ llTI'I'l'l11 rare nonsynonymous 

variants 'lJtJ'lV'U ABCAI, APOAlllrl~ LCAT'YI'lJI~ 16% 'l'Ufl'U~nn~'lJ HDL ~1 (3) 1I'ltJ~ri1'Ul'l1qJ'IJ'O'l 
" ,, c1 '" 'l ~ 0 '1'- I c1 & 9 II] ~c1c1

rare variants mm'U lJrJrl 'l1f11'J'Yll'll'U'lJtJ'l ~ u'J~'ULll'lrl'l (functionally deleterious) f11'Jft'f1fl1 ~'Ufl'U !'IJ'YllJ 

'J~~'lJl'Yl'Jf1~ICJ!"tJl'J~I1''llJ1f1 'YI'lJ11f11'J1U~tI'UllUrl'l'Yll'loW'U1im'JlJ'IJ'O'lv'U LPL llrl~ APOC2 'YI'lJl~ 10% (5) 
'U • 

llrl~lrlm1lJn'lJ APOA5 p.S 19W common variant 'YI'lJ11 41.8% 'lJtJ'lfl'U 1'li'~ih~~'lJ I 'Yl'Jf1~ICJ!"tJ I 'J~'l 'llJlf1 

c1> 'l c1 "I "I > ' lJ _1 copy 'IJ'O'l rare variants 'UtJ'U LPL 'l1'J'O APOC2 'l1'JtJ _1 copy 'lJtJ'l common APOA5 variant 1l~'W'lJ 

" ltitJ'l 8.9% l'Uf1~lJm'lJf.llJ (5) f11'J~f1fl1~'lf1~1111TI'I'l'lG'l'lJ'Yl'lJ1'Yl'IJtJ'l~'l rare llLl~ common variants l'Uf11'J 

fl1l1'UI'l'J~~'lJ'lJtJ'll 'lJlJ'U 'l'U m~llmil'Ol'l 'l'UU'J~'l51m~~f1fl1 
9 ~ .c:;11f131~.c:;1 " ~. .c:1 'Q I v 
~'Uf11'J1'Tf1fl1'U LI'lILl'Of1tJ'U CETP, LIPC, llrl~ LIPG l'U'O'l'll1f1mltJ'l1'U11lJ'lJ'Yl'lJ1'Yl\91tJ'J~I'l'lJ HDL 

9 "I & '" ~"'''' II]~ , 0 'l
~'UlLltJl'l (6,11,14,20) f11'Jft'f1fll1I'llJ'lJtJ'lflru~rj1'iltl LI'l1lTI'1'l'l11f11'J'Yll'l1'U'lJtJ'l CETP llrl~ hepatic lipase 'U 

I I I v 

lil'OI'l\9l1rl'l1'Ufl'Ul'li'Yin HDL TI''lll1mYitJ'lJtl'lJf1~lJm'lJfllJ (21) f11'Jfff1fl1~1i'l':hv'U CETP llrl~ LIPC n 
'U •• 

mllJ~lJoW'UTIn'lJ'J~~'lJ HDL TI''ll'Ufl'Ul'YltJ lll'ilJ,)'YI'lJfl11lJ~lJ-W'UTI'lJtJ'lV'U LIPG n'lJ'J~~'lJ HDL l'Ufl'I..I1'YltJ 
'U 

dI, & 9 '" 
CJ!"'l1l\91 f1 \911 '1 'ill f1 rJrl f11 'J ft'f1fl1 ~ 'U fl 'U rJ1'IJ 11 (12,20) 

" ffl'l1f'lJ p.Asp459Gly variant 11''U'YI'lJI~1i'Otl11nmllJ~lJoW'UTItl'lJ'J~~'lJ HDL ~'ll'Ufl'Ulm95t1 
~ 9 ... .I" .:, o'IIJ~~, o~.d 

f11'J1'Tf1fl1 ~'U'J~1'l'lJ1CJ!"rlmN11 p.Asp459Gly CETP mutant \lf1'l1rl'ltJ'Of1lJl'1l1f1lCJ!"rlrl LI'l'U'Otlml11rl~'Yll11'U1'Yl 
" ,

1~~'OtJf111 wild-type protein (38) 'l'Uf11'Jfff1flloW 1~'YI'lJ rare variants 'l'l1J,) 2 \9l111'l1ti'lYi exon 911rl~ exon 

13 'IJ'O'lV'U CETP ~'l'WtI1mru11J'l~Yhl,rlf1l'llu'J~'U~i'Url'l~'lJll'l C terminus 'U'Of1'1l1f1if V'l'W'lJ novel 

.c1 ~ G"~ Q,I T 0 9 31 31Q,I

deletion mutation 'YlrJrlf11'J1'Tf1fl1'J~1'l'lJ1CJ!"rlLltJ'UtJ'U11'Yll ~'l1 transcriptional activity Lll'lrl'l1'l1tJ 

o Q,lQ.c:::1 0 lo:t:t ~ 
TI'l'l1'J'lJtJ'U LIPC l~'lJlJ novel missense mutation .2 \91111'l1 'U'lfl'O p.Gly 141 Ser llrl~ p.Val173Met CJ!"'1 

" 'WtJlmru~1tJ software ~'l 3 1l'lJ'lJ'YI'lJ ':htil'1l~nrJrlYil'l,rf11'JYll'l1'U'IJ'O'llu'J~'UliYtJ1U Our in vitro 
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