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Abstract

Objective Genetic factors associated with high HDL-cholesterol levels 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-cholesterol levels =>2.59 mmol/L (100 mg/dL) 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.Val411ArgfsX6). Four other novel mutations in the CETP promoter, one deletion mutation (g.4989-
5006delGGGCGGACATACATATAC) and 3 point mutations (g.4982G>T, g.4961C>T, g.4659C>T) were also
identified. In the LIPC gene, 2 novel missense mutations (p.Gly141Ser and p.Val173Met) 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<0.0001). 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.



Executive Summary
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approach S’fiaﬁ'm'lsnamﬁaﬁuqnﬁwmﬁwmﬂ sEufinunnuioitasiuanemsiansnmaldiuana
fowanniu (4,5) GsanansalEaur missense DNA variants ﬁwuvl,@‘f'l,ajﬂaﬂluﬂs:mﬂinQwﬁﬁé’nww:ﬁﬁaami
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naamaasoaswinaneoasnau lUfgulugafinait s9dasend receptor i afiaulumssuiu HOL Taaass
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fiu LIPC fig9 hepatic lipase a%iuuiﬂﬂﬂsnw@;ﬁ 15 13znau678 9 exons HMBIUMINABRUT
ﬂizﬂi’mluﬂmm%ﬂ“maﬂ’h 10 mutations I@ULﬁauﬁdﬂ&mwmﬂu missense mutation (30-33)

fiu LIPG fig319 endothelial lipase ag’uuiﬂﬂuiﬁnugjﬁ 18 13znaudis 10 exons MIANBINIRUTN T
fiRpsmsaneuaeafirnlueuiidszeu HDL-C FRPLAZAG (34) wontwiumsanun polymorphism uan
Unansaauiilsawala (35-37)

fnsfnmnisnmeiuuesiu cETP finyldtasluaudlufe D442G lasfins express lumad
IWRES FIWLT D442G usunglinisvuvesionlsiaaasass (38)
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expression studies %mﬂumiﬁﬂwﬂ@iaLﬁa\‘lmﬂmiﬁﬂw’m’ﬁﬁw’mma\“l CETP 8z hepatic lipase Tuanlng (21)
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A = PN
LRBALLA LL“II(]IW/I q@

2. anlszain
A =R 2 A o o A A o A Ada o @ A v
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LﬁﬂLﬁamm"nao@fﬁim%ﬁ'ﬂﬁt\iﬂé}'uﬁﬁi:ﬁu HDL §9nd1w3aLyinny 100 4n./aa. LazNiNAILAL Alevin
mafuliudgnihanana DNA de35Anaaaaaliwaia DNA 2836030 HDL §9 Lazp24nguAILAY 920n¥
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hepatic lipase LA endothelial lipase AURAY ﬁl'mif% 220N150T988UIUIA DNA ’i’lgﬂﬁadm&lﬁﬁadmiﬁ’m%%
gel electrophoresis La239839 DNA ﬁL'ﬁ&Jﬁ]"ﬁmul,l,ﬁhvl,ﬂmaaaamﬁaﬁuﬁqﬂiiﬂ@sﬁ’% direct sequencing @28
automated DNA analyzer

’luﬂﬁmmﬁamﬁaﬁugﬂﬁmaaﬁu CETP, LIPC W82 LIPG Lﬁawumsﬂmﬂﬁuﬁ:ﬁﬁ@ﬂﬂa 2MI
W3suAsuny database ﬁﬁag} LLazﬁﬂMLﬁ'mﬁulugﬁﬁizﬁu HDL &9 LLazﬂajaJmuquﬁv'mm lagl43% PCR-
restriction fragment length polymorphism (PCR-RFLP) "1nWuN1INan Uﬁuﬂ%&i (new mutation) AVNNTEUEY
wWisufsunulaslulouvesaudn@swinatnsias 200 laslula

Weanuhinmaisuseunsaesdluilimeiimsdnsanden leinsmamsaiiimenm sﬁuﬁﬁ
Aedurnlitmsrnanuuesldsiuyasuudasluviels Tasllusunsy PANTHER, PolyPhen-2 waz SNP3D

Tunsdnsmaasuudasesminfilussduimas (expression studies) a:l83%unasgulumuaasean
Yo9EuMUUTIA17 (transient expression) TaaRn13te3ua full length DNA uaz mutant DNA AZn1sidfsuuyss
ﬁwé’uLuamwﬁwumiﬂamﬁufﬁ’azﬁ‘ﬂ' site-directed mutagenesis wasfnuguaIBN1IN sequencing e clone 11
11/l expression vector 91Nk 9293 transfect 1 lumas M3dnEMsasuulaswaswihiluszeuimadas
lagmyiamainuueslysaulumasuazlu media finsiRssaadiUionfisunuszning DNA Unfuas DNA
ﬁﬁmsnmsﬁ'unf luﬂstﬁﬁwummmUﬁuﬂumumaa promoter 14 vector 71 reporter gene uaziAnITIUGIY

reporter assay

n133tA3zWZaya (Data analysis)

ﬁagaﬁﬁm‘ms:msﬁmwﬁﬂa (normal distribution) usadxalagld mean + SD mwﬁaya‘ﬁ'"laiﬁmi
A32NUMUULUNG uaasnalasld median (interquartile range) MsnazaumInszasandunuudndniala 14
NNINARALAY One-Sample Kolmogorov-Smirnov TestmiLiJ%smL“?'lsmizwj’]\‘lmjﬂ“ﬁ' Chi square %38 Student t

test mﬁmezﬁ‘*ﬁ’aa&aé’aﬂﬁhﬂﬁﬂmmumdaﬁﬁ SPSS
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snenziugIuaslznIN@nsng 2 nquuaadluanei 1 wudinguiiiszayu HDL-cholesterol §9

(HALP) #5261 total cholesterol §9nI1 LAz 3L triglyceride dninatailinudazy
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A o P> PP
M139N 1. aﬂﬂmzﬂ%ﬁ'\%ﬂaﬂﬂiz%'\ﬂiﬂﬁﬂ‘.lsl"]

HALP Controls P value

(n=64) (n=113)
01y () 53.6 + 14.2 50.7 + 16.5 0.22
RARIULWARIY Y 91% 81% 0.08
Total cholesterol (mg/dL) 2457 + 421 200.0 T 422 <0.001
Triglyceride (mg/dL) 66.8 = 31.7 99.1 £ 533 <0.001
HDL-cholesterol (mg/dL) 1149 + 134 62.8 1+ 12.8 <0.001
LDL-cholesterol (mg/dL) 116.6 & 39.1 117.9 £ 37.4 0.83

LLﬁ@dﬁagaLﬂu mean * SD w38 %. HALP: hyperalphalipoproteinemia

ANT19N 2 LLammiLU?}ﬂuLLﬂawaasﬁaﬁuqnsmﬁwuﬁas‘lu‘ﬁuﬁﬁﬂm Tudiu CETP wumafouudas 2

Fur madasuudaswsnidu novel 4-bp deletion 11t exon 9 %138 ¢.785-788delTCCC Gatnuanulag

anzEATpunau (21) madsuudasih anadvhliiie frameshift mutation iailu premature stop codon

ARINNUB 31 nIaezlilu dumaiUfsuutaf 2 1u novel 5-bp duplication 11 exon 13 #3a c.1226-

1230dupAGACT F3aainvinliifia frameshift mutation tAaudlu premature stop codon #ada N 6 NIaazilu
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@13197 2. N13LAgwnasuassHaRKENIINTINURDY (rare sequence variants) i CETP, LIPC uaz LIPG

Location Variant name Known or Predicted effect at the protein level No. of carrier
novel
DNA level Protein level PANTHER PolyPhen-2 SNP3D (SVM HALP Controls
(common name) (subPSEC score) (n=64) (n=113)
score)
Gene: CETP
Exon 9 c.785-788 p.Leu262ProfsX31 novel Frameshift with early truncation 1 0
delTCCC
Exon 13 €.1226-1230 p.Vald11ArgfsX6 novel Frameshift with early truncation 1 0
dupAGACT
Promoter g.4989-5006 (-25_-42del novel - - - 1 0
delGGGCGGACAT GGGCGGACA
ACATATAC TACATATAC)
g.4982G>T (-49G>T) novel - - - 1 0
g.4961C>T (-70C>T) novel - - - 2 0
g.4659C>T (-372C>T) novel - - - 1 0
Gene: LIPC
Exon 3 c.421A>G p.Gly141Ser novel deleterious probably deleterious 1 0
(-4.43) damaging (-1.58)
Exon 4 c.517G>A p.Val173Met Novel deleterious possibly deleterious 1 0
(-6.43) damaging (-0.53)
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maasuudasnswugnisuludiuzas CETP promoter apdmanuidunusiunnaz HDL g9 (39) lu

mM3ansit wunsiUasuudadsli CETP promoter 4 dnuniis laeiilu novel 18 bp deletion mutation 1 G

funadfonudasdn 3 druniis 1w heterozygous novel point mutations 'l@lA g.4982G>T (-49G>T),

g.4961C>T (-70C>T), Uax g.4659C>T (-372C>T) Folinadpomanton

ludlu LIPC Wuﬂ’liLﬂaﬂuLLﬂmﬁwuﬁaﬁ (rare variants) 2 Funusia p.Gly141Ser L8z p.Val173Met 27N
mslildsunsy 3 1dsunsa (PANTHER, PolyPhen-2 uae SNP3D) ¥inu1ainng p.Gly141Ser uas p.Val173Met ¥in

TRlYsaurinnwlaanasadansen 2 awnsuluiu PG Tdwumsidasuudasnwuiasvnsawulna

matasuudasmisugnIsufiwutas (common variants) Wu 3 duniisludu CETP fia p.val422lle

(1405V), p.Asp459Gly (D442G) Az g.4402C>A (-629C>A) saugadluanaf 3 lunsdnenil wuiww

p.Asp459Gly ldtiasninlunguidl HDL geegailindndty (Odds ratio = 8.3, 95% CI 2.6 to 26.4, M31471 4).

@13197 3. M3taguuilamieinanssuinuLies (common sequence variants) Twi CETP, LIPC uaz

LIPG
Location Variant name Allele frequencies P value
DNA level Protein level (common SNP HALP Controls
name) Identifier (n=64) (n=113)
Gene: CETP
Exon 14 c.1264G>A p-Val422lle (1405V) rs5882 0.430 0.447 0.824
Exon 15 c.1376A>G p.Asp459Gly (D442G) rs2303790 0.133 0.018 <0.0001
Promoter g.4402C>A (-629C>A) rs1800775 0.492 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 (N193S) rs6083 0.297 0.580 <0.0001
Exon 7 c.1068C>A p.Phe356Leu (L334F) rs3829462 0.039 0.053 0.616
Gene: LIPG
Exon 3 c.332C>T p.Thri11lle rs2000813 0.344 0.263 0.115
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ludin LiPC wumnﬂﬁUuLLﬂaOﬂﬂaﬁugﬂiiuﬁwuﬂaﬂ 3 @UnI Aa p.Val95Met (V73M), p.Asn215Ser
(N193S), uaz p.Phe356Leu (L334F) uazfu LIPG WU 1 dnumiisda p.Thri11lle anwuanwuludszmnsiansig
/ ngalaiuaneneniu onuiu p.Asn215Ser ﬁwuvlﬁﬁaﬂﬂdﬂumju HDL &9 (@947 3)

Lfiaﬁmimmmﬁmaamsmﬁyuuﬂaamaﬁuﬁqnsmﬁwuﬁaﬂiuﬁu CETP %38 LIPC wudﬂuﬂéjmﬁﬁ HDL
59 WU'ldl 5/64 (7.8%) AUy 0/113 (0%) lunguaugy (OR = 00, P=0.0056, o397 4) luameenyiivesms
L‘].]gEJuLLﬂmV]’]dﬁuﬁqﬂiilJﬁWUﬂaﬂluguCETP, LIPC uaz LIPG VLaJ'Lmn@mﬁ’mmiNﬂgiu anNLI% p.Asp459Gly
(@157971 3 waz 4) Odds ratio madmimﬁiﬂuLLﬂaamaﬁuqﬂiiuﬁwuﬁa slufiu CETP w38 LIPC %3a CETP
p.Asp459Gly i 11.5 Tandienauideduil 95% agfluts 3.7 fils 35.7 (P<0.0001)

®13191 4. Carrier frequencies 2849 sequence variants Twdw CETP waz LIPC

HALP Controls P value
(n=64) (n=113)
Rare variants
- 21 CETP variants* 3 (4.7%) 0 0.046
- 21 LIPC variants 2 (3.1%) 0 0.129
- >1 CETP or LIPC variants 5 (7.8%) 0 0.0056
Common variants
- >1 CETP p.Asp459Gly 15 (23.4%) 4 (3.5%) <0.0001
- 21 any CETP variants 56 (87.5%) 94 (83.2%) 0.518
- 21 any LIPC variants 51 (79.7%) 99 (87.6%) 0.193
Rare and common variants
- 21 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

Novel deletion mutation 11 CETP promoter wazrmsansmadaswudasiumitissduinas

awld 1 918 WUl heterozygous 18 bp deletion mutation J4&31189 CETP promoter Peumibe -25 719
-42 $HUIN transcription start site, -25_-42del GGGCGGACATACATATAC (Ellﬁ 3, GenBank accession number
HM191724) s'féavla\iwu‘l,unsjumuquﬁy'a 113 19 1099 INEUNIS -26 f19 -43 Va9 CETP promoter Juusimnd
133U (binding sites) 1% YU Sp1 transcription factor W&z TATA box (gﬂﬁ 3) Gsfineanuin Sp1 Hnsdu
é’aﬂixéjumﬂmmaaﬂmmﬁu CETP fidnumby -37 @91t novel deletion mutation ﬁwulugﬂammﬁ UATFINA LA
MILFAIDANVRITU CETP AR 39 11INNINAaad transfection experiments LﬁaﬂszLﬁu transcriptional activity

lulsas HepG2



l;fﬁmvlﬁﬁﬂmi clone 777-bp DNA fragment lugu183 CETP promoter a4l luciferase reporter vector
uaz transfect 197 1wiTa8 HepG2 &1%TL18 bp deletion mutant #léann13vin site-directed mutagenesis W19
luciferase activity 1u cell lysates AARIRBDLNES 12% Lfimﬁf;l‘i.lﬁ".u wild-type sequences (0.60 + 0.1 vs. 4.93 + 0.2,
P <0.001, gﬂ‘ﬁ 4) HANMTNARaIILNIN novel 18 bp deletion mutation Aiwwlu CETP promoter Sanudawusiu

NNI8ARNIVRN transcriptional activity

-25_-42 deletion
4

53 CCGTGGGGGC TIGGGCGGACA TACATATACG 24
v

GC box ( SP1 binding site) TATA box ( TFIID binding site)

23 GGCTCCAGGC TGAACGGCTC GGGCCACTTA
L

+1

317 3 S1AuUM5389a2284 nucleotide Twauvas CETP promoter uaz novel deletion mutation finy

mock :|4
pCETP-777bp-629C Luc - -
pCETP-777bp-629A Luc : %
pCETP-777bp-629C-18 bp del Luc | 1+
0 i 2 3 4 5 6

Relative Luciferase activity

gﬂﬁ 4 Luciferase activity T cell lysate

14



Novel missense mutation W% LIPC uazmsansinisilasuudaslwninfissauizas

auld 1 578 wuind heterozygous missense mutation lu LIPC fa p.Gly141Ser HANIINIWILMTHI®
28411564 LIPC aanmsltlusunsn 3 1Usunsa (PANTHER, PolyPhen-2 Laz SNP3D) ¥inwain p.Gly141Ser ¥in
Tldseurnuldanas iiadunstuin AR89 161 express wild-type LAz mutant hepatic lipase u Vero
cells 1o insert wild-type ez mutant hepatic lipase cDNA T pcDNA 3.1 expression vector Was trasfect vl lu
Vero cells lag/ld lipofectamine mnﬁ?u 970 hepatic lipase activity 1% media waz cell lysate

NANIINARDY WU cells “7] transfect @28 mutant hepatic lipase cDNA Y hepatic lipase activity 8@
Tawlu cell lysate WU activity aaadinaa 20% wazlu media aaasinia 6% Lilaifiguny cells 7 transfect e

wild-type hepatic lipase cDNA ﬁdgﬂﬁ 5

10 -
Bl Cell lysates

‘§‘ -|- C— Media
& 87
Q.
=
E°
=g
=
)
%
1 2] -|- o R
1

’ .

pcDNA3.1 wild-type G141S-mutant

gﬂﬁ 5 Hepatic lipase activity T cell lysate LLae 11 media
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ands1aua

Nz HDL gav3a HALP tialdanaingeng G]ﬁy'amoﬁugnsswLLa:’édLnﬂﬁa&J Tumsdinwnil lavins
naasvain 3 Bufifinoruinguwuiniuniaz HOL &9 wamiﬁﬂmwmwmimﬁU%LLﬂﬂdﬂﬂaWuqﬂﬁiuﬁwuﬁaﬂ
(rare variants) 18w CETP uaz LIPC wﬂﬁﬂaﬂumjuﬁﬁ HDL gmﬁmﬁyuﬁuﬂﬁjumuqu (7.8% vs. 0%) WazM3
Lﬂ&"yuuﬂmmaﬁuqﬂimﬁwﬂﬁﬂazJ (common variants) 2838 CETP fia p.Asp459Gly wu'ldtianlungs HDL
FUTWALINU (23.4% vs. 3.5%) laTIuwuin 29.7% yasawldfisl HDL 848 >1 copy 184 rare variants lufiu
CETP %38 LIPC %38 >1 copy 283 common CETP p.Asp459Gly variant

miﬁﬂmﬁshumLﬁmﬁ‘uuwmﬂmaﬁuﬁqmiwaai:ﬁuvlmﬁ’ulmﬁaﬂﬁ@ﬁnﬁ laliatmnaaivia
(resequencing approach) %Gm‘sﬁﬂwwad Cohen LazAmhe LRAIIT rare nonsynonymous variants 284984 ABCAT,
APOAT unz LCAT wu'le' 16% luauitiiszau HOL d1 (3) laofisaulnnjues rare variants 1nsnil Analémarnamn
2831156 Uaaa4 (functionally deleterious) miﬁﬂmluﬂuvliﬁﬁi:ﬁuvlmﬂﬁLsnavliﬁgomﬂ WoIMaUanwu s
ﬁu‘gﬂﬁu“uadﬁu LPL uaz APOC2 wu'ld 10% (5) LLasziai’JaJﬁ"U APOAS5 p.S19W common variant WU31 41.8%
maaﬂu"l,ﬁﬁﬁi:ﬁuvlmﬂﬁLfﬁavlsﬁqamﬂ §1 >1 copy 284 rare variants 1484 LPL %38 APOC2 w38 =1 copy 284
common APOAS variant UAWUIRES 8.9% lungualugy (5) MNIRNENRINEIULFAIEILNLNVBIN rare uas
common variants Tumsmnuaszauvadladulunszumdenludszmniidne

Tunsdinwil léidanin CETP, LIPC, waz LIPG iasanisnarnuwindunuindeszeyu HOL Twden
(6,11,14,20) nMdAnHLANVRIn UL |AUFAITINIFNNULEI CETP Uaz hepatic lipase Twdaadasluawldd
3 HDL gmﬁmﬁyuﬁumjumuqu (21) M3ANEHLINEW CETP uaz LIPC flannuduwusiuseey HDL galuan
ne weldwuanuguwusasin LIPG fuszau HOL luawlng Ssuandrsannuamsanenluaniaz (12,20)

§IM5L p.Asp459Gly variant tiuny e infanuFunusiusTey HDL gdluﬂmm‘?jﬁ mMIansn luszau
WIRRLIIN p.Asp459Gly CETP mutant Qnﬁéﬁaanmmmmaﬂﬁﬁasln'j'nl,a:ﬁ'mﬁ']ﬁvlﬁﬁam'j'} wild-type protein
38) luns@nwil léwy rare variants 1wl 2 §umsisfi exon 9 uaz exon 13 eaiiu CETP s'ﬁawmnirﬁ:hﬁogiﬁw
TwAalysaufisuasiiana C terminus wananit 9wy novel deletion mutation fiHaNSANHTEAULTASEWSWIYN
ot transcriptional activity NABIG Y

fMIVBW LIPC WUN novel missense mutation 2 ¢uikIAa p.Gly141Ser Waz p.Val173Met Fawgnnyol
¢ software 113 3 wUUWLIasiinarn i nuveslyUsdwaely

Tums@nenit wuin p.Asn215Ser 298w LIPC wu'ldasninluanldfid HOL g4 atdlafionn nsdnmn
el luanfiazanun p.Asn215Ser 73um9 p.Val9sMet uaz p.Phe3sbLeu lifiaruduustuszau HOL

TaLa (40)
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9
2 S A o a o Aa
msAnmBisinsuasuwlaimeanugnywaesdu CETP uaz LIPC wu'lans 1 T 3 vasanlnand
320U HDL §9 DIsnUauuuuIfani rare alleles wans 9dunibandnaun (large effect sizes) dauinadasny
seoulvanluiaaniaUnd uaﬂmﬂﬁﬁoﬂaiwuwmwmaﬁuqmimad HDL #usutauuazdildudnsnuinuini

WEUa9INUIzaU HDL waddlalesunsduny
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