Iwswas

TnsweifldlunsissessfleanuuuuasfsassiluiaiindSun sdusuvasduinnuanis
aaduinalsnandu (enterotoxin extracellular secretion protein, EpsM) %daammu%’mé’]ﬁualﬁma
WunBLa L13660 (gi:407329) 189 GenBank Usznaudislwsiwas 2 wiia Afld1 Tm Uszanm 60°C
fa forward primer (5'- ATT ATT GGC TCC TGT GCA GG -3') uaz reverse primer (5'- CTT GGC
GCA TCA CTG CCC -3)

NSIATINAIDE1I

IWNZIRESULATISY V. cholerae 1%871%13 TCBS broth  danuuaiiizesn 3 afia wnziassl
87913 nutrient broth I@ﬁﬂuﬁqmﬁgﬁ 37°C uazluEna8a3L57 150 sau/w i (wantszan 18-
24 $7lug duugnaznanaasuuafisodinieiasouasiisanusa 1,000g tunan 5 wifl &
AzNawTAALUATISAIE alkaline peptone water (APW) uaiazansaznauisasiuafisaly APW uas
wudwauunefiansldndasanssesilasld counting chamber wasansiwinuuedSelUnauiu
wapwssuntiulwldanudutu 107 wadnsu usslfidudrodrslunmsasasey lagtidaadng 1
N3y wazl@in APW USunas 99 fadaas dsasfanududuuuaiicodiu 10" was/Hsdaas udrie
a19fiaz 10 wih l¥ldanudndu 10°, 10°, 107, 10°%, 10°, 10° uaz 10° Load/Haddas anudey

nsriaNga1s

udinmdudinaesdudunalsiondulusuefite Tagidagsiiasonldusunas 1
Tulasaas suindSinmielnswasne 2 ofia siess 250 wiluluand luswWines 1 11 (500 mM
KCI, 200 mM Tris-HCI pH 8.4 uaz 2.5 mM MgCl,) #siifinaalalng 4 wfia (JATP, dCTP, dGTP uas
dTTP) THaas 200 lulasluans wazlsionlod Taq DNA polymerase (InvitrogenTM Life Technologies,
Brazil) 0.5 gila Ad3unasniw 20 lulasdar  lasdfAseniidensd 3 Tuaau fa (1) ufAzend

wnnil 94°C 1luian 5 Wi (2) uJazennaannd 94°C iuaan 30 Juf, 55°C 1ulaan 30

WM uaz 72°C 1uan 45 3w $9ua 35 38U uax(3) ufisenanmad 72°C Wue 7 win

9 U

3]
3
3

ustin ldasagaudeasdianInslnisaluasaznilss 1.8 wWasidud

'3
Naﬂﬂiﬂﬂaaﬂllagaﬁ)qﬁm
AI a : 1 A& U fd‘ : 1 = =3 3 a

matuUSadusuaawadis lwswesnoanuuuanduaiwvasdudwna lsfiandulang
NATINLUDUALEWEIWA 242 FLus lue8t1903 V. cholerae ua hinuwauddualuaiatend E.
coli, S. Typhimurium W&z K. pneumoniae waz@lat9f Tuuafise (nwh 1A) waasilnswain
AONLUUINNTWRINVID WL UINBLINANTURAIAMNINNIZAD V. cholerae  lauWan1IINanadt

o o A . b a
XOAAFDINUTNHIUVRY Kong et al. (2002) TyanaseuaagauLuafiisonalsaluiimeia 6 wiia
MeIBuaAnaNTNTas (multiplex PCR)
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Ad 1A nstRudSinadudiuuesiwdwnalsiondudwuuaudiduefsnizee V. cholerae
WA 242 s M Aediiuieanasgiu 1 Kb Plus DNA Ladder (Invitrogen'  Life
Techologies, USA); 1 Aadnagnaindlifuuadide; 2-5 Aadrageinfill V. cholerae, E.
coli, S. Typhimurium W8z K. pneumoniae muﬁ’]ﬁu]

AN 1B nafulSinadugauzesiudunalsfionduludiagnefill V. cholerae auidutusng g
[M Ao@iAuLau1a3371% 1 Kb Plus DNA Ladder (Invitrogen ' Life Techologies, USA); 1 fia
dhadrafilifiuuaiise; 2-9 fadnadneid V. cholerae amadiutu 10", 10°, 10°, 107, 10°,
10°, 10" uaz 10° Load/Taaans auaIaL]

maRuUsnaduswasimdunalsfiondulaslddodaitd V. cholerae auitutusng g

e 10", 10°, 10°, 107, 10°, 10°, 10" uaz 10° Lad/Aadans (Harthdmodsudazanududulsanas

1 lulasaas Sefluuadise 107, 10%, 10°, 10°, 10°, 10°, 10 uaz 1 1wad WiRnLSINmsBmafini@dons

L @ ' ¥ 4 7 6 5 4 3 2

wuddnegaihffiuuafids 107, 107, 107, 107, 107, 10° uaz 10 waa UTnguaudidniazwia 242 ¢

N P o . da A A I A ' A AaA ed o £
W udliwounudidueludlagenduuafise 1 w88 (AnA 1B) uaadiunafiafdansAnamwain
waldlunisispaseiilinnalade V. cholerae 5 10 wwas/lfiTen wiaflpuinniuaiegend v.

v @ 4 o

cholerae @MUV H 10 LBAF/NTN

@ ' AaA v @ 3 €A Aaa = ' A& a

#2081901 V. cholerae ANNINTY 10° LTRS/NAFENT TINTIV INWULILALEULBINNNTIAY
USu1 T uaIwUaI8uauinalsniandudramaiangansny 1Nal@NaIn13 2x TCBS broth 1w
AATIRIU 1:1 LLﬁaﬁwvlﬁﬂuﬁqmmgﬁ 37°C waziuENeI8aINs? 150 sau/wi 1utian 30, 45, 60, 75
WAz 90 W17 WRINWWIN IINVUSH I BINARARNTaNS WUINGa819NLNWIW 45, 60, 75 Laz 90
wift dnnguou@iduieswna 242 gus uadinuunudidwaludaegefitamwn 30 wifi (nwd 2)
weaaldtiEnIgwIsainaN e nafianganslaalransiinysunwuafsolue1wns TCBS

& ' ) A ° o AA ¢ A PN A AA & A

broth 1Huia1wiueddtay 45 wf Aawinluviingens Fenisinan hvesnaiaidaisn
o £ { Ao & & N o £ 9 , Y
WalmduwiNa T lun1siuaTatanaiy launiudnalsnisunkuaiiselua1nis TCBS broth lhuin
£ v & o ' { Aa a v @ 2 Aa aa [
YU AINUAI0E19NRARLATISEUT oA NN NT® 107, 10 4as 1 LTAA/TARAAT RINITOATIIRAL b
VEUAUDWANYTNN V. cholerae 1481113 TCBS broth luszaziiafimunaunawin lUvinngans
(WONA LAz DIzTe, 2551)

s s v @ a
wuqmams...umnqmwaw'lwmm 239

o amgAnmaansuazmalulad anIngrdessiaaans dudseda
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(2
a a '

A 2 matRudSinadusiuuesdudumalsfianduludegend V. cholerae audutu 10°
\Tad/AnAANT [M Ao@LEwa1193314 1 Kb Plus DNA Ladder (Invitrogen ' Life Techologies,
USA) 1 fAodmotneinilifuuafide; 2.6 Aodiotnin@il V. cholerae aaduds 10°
\rad/AaaanT nasnnivySunaduawns TCBS broth iuiian 30, 45, 60, 75 waz 90 W1l

ANRAL]

d3luaniinaasg

mﬁ%’ﬂﬁwléfﬂszuqnﬁmﬂﬁﬂﬁéﬁmiﬁ"a@maaau V. cholerae fidwidaulunasmssulaglsidas
aiaugndiwonnuuaiizs inafafideniinamdwialdlunsisua et Aus udrusoabu
\duinalsfiandu lasfianwudumizda V. cholerae gauazliannulazasnisasiamen V. cholerae 7
Ynilonlunasmwissn 10° wadn3y wazamunsaiuanyhvesnmsanesevlddrsnsdiuysnmn
wuafi3slua1mns TCBS broth luszoziianfmanzaudowinluvAgars wenanimafiefidarsn
WanawielFlunyisuaiigimunsaaiagey V. cholerae ndwdanlunasmssulanslungm
4-5 1719

naanIsNUsend

Aa o

nwitundwldiunsaduayuan nguidniniidoenla ani.-ana. (A.03.10N"Y

I a s
Wndalaus Lazame)

1@N&15919D9

UOUA TWINUA LAz F5Te SUNNG. 2551. MIaTageuuuaisy E.coli. 1uﬁwﬁmmﬂﬁﬂg}m§ﬂsﬁds‘ﬁ
8a13. Thai J. Genet. 1(2): 109-113.

ANNLAe. 2551, nagu9IN. YalFINNLAe. WASINAN © hitp://th.wikipedia.org/wiki/Magw1I3a.
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Vibrios in oyster from a tropical region. J. Food Protection 57: 870-873.
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NNIAIININATUVIEW solute carrier family 4, member 1 (SLC4A1) Bia
SAO uaz G701D a2a35 polymerase chain reaction LLa& high-resolution
melting analysis

Detection of SAO and G701D mutations in solute carrier family 4, member
1 (SLC4A1) gene by polymerase chain reaction and high-resolution

melting analysis
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Qs 1

1nAanga
ﬂmzpﬁéﬂﬁﬁmuﬁ%mmﬁaL@vﬁ'umaaﬁu solute carrier family 4, member 1 (SLC4A1) 1@
Southeast Asian ovalocytosis (SAO) a2 G701D @183 polymerase chain reaction (PCR) W& high-
resolution melting (HRM) analysis lasl¥aratns@idueangtheinmuilulni (genotype) uia an
MMINNUSuIma83% PCR Waza1196283% HRM Lia&319 melting curve wag difference plot W@
' " ' a 6] 1 v a gﬁ I A ' ldl
manasaslnnginsuisnuenanunandiszniedlulnddis g 16 inefiefdadunadanlnain
NUUAETIATIENITUATIIN AT U8 SLC4AT lasiawizolia SAO uaz G701D Sswuiasluan

Tne
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ABSTRACT

We have developed the method for detection of mutations in solute carrier family 4, member 1
(SLC4A1) gene by polymerase chain reaction (PCR) and high-resolution melting (HRM) analysis.
The two mutations detected were Southeast Asian ovalocytosis (SAO) and G701D. The DNA
samples from the patients with known genotypes were used for the detection by generating melting
curve and difference plot. The result showed that both mutations could be detected and the
genotypes could be assigned for all samples. Thus, PCR and HRM analysis is an alternative
technique for simple and rapid detection of SLC4A1 mutations, especially for SAO and G701D which

are frequently found in Thais.

@dnam: fu SLC4AT, Biu AE1, Goa-Ind Aden3, uatw, loTaniibw
Key words: SLC4A1, AE1, real-time PCR, mutation, HRM

UNU

& solute carrier family 4, member1 (SLC4AT) %38 anion exchanger 1 (AET) a%iuuiﬂ‘ﬂui‘ﬁuﬁ
17 @AWY 17921-17922 (Lux et al., 1989) ﬁuf:namﬁ‘avlmﬂiﬁu anion exchanger 1 (AE1)5§G
LLa@oaanIuLGnaﬁLﬁﬂLﬁammaLLa:Lsrjmi‘qViammﬂvlmdmﬂam (distal renal tubule) i fition
gﬂinmmmaaﬂ,ﬁmﬁammoLLa:LLamﬂ’éuu"Laaausl,ul,smﬁl,ﬁmﬁaﬂLLmLLaszaﬁfqﬁa%uaa"lmdauﬁawu
faduvestin SLC4A1  manTaliisadidaiiaauaslizdinaliadnd 134 ovalocytosis — uaz
spherocytosis uazvldifalinlafiadnalumstuniedaiaananuunnssslumtuniavesioss
yrianianlagiudany 3’3';L@l“ﬁ'uﬁwu"l,ﬁﬁ_iaﬂ‘lmjﬂamﬁn"[mium’;ﬂﬂmﬁ'ﬂnm (homozygote) Ao
faiadusiia G701D FaifinanmIunuillus GGC > GAC ilanaw 701 lwanaan 17 vlddng
wWasunsaezdluainlnadu (glycine) nnsauaawi@n (aspartic acid) lwlis@u (Tanphaichitr et al.,
1998) wonandINUANzABNLIdENINe 558 Tna (compound heterozygote) lasunngag iy
fiaTufia Southeast Asian ovalocytosis (SAO) dstAaanmsmawieliues 27 Haealelng lu
Lonwow 11 (Jarolim et al., 1991; Vasuvattakul et al., 1999) SI5UMIATIITAATUTIBUINTEA
G701D waz SAO wazdsiltanrion ldun PCR-RFLP §wsuinatusiia G701D uaz PCR §m3uin
LTUTHA SAO (Vasuvattakul et al., 1999)

High-resolution melting (HRM) analysis Lﬂ%’i%’immzﬁﬂfuaLﬁuLaImméTﬂqmawﬁammmﬂ
m'&'mmeﬂumm?ﬂmufﬁaﬂ%’uqm%nﬂﬁlﬁgaﬂfu (Wittwer et al., 2003) TuAauN13a5231A83% HRM
UsznaudemstiudSunaduitiuadeds PCR wasiiazsl HRM 289 PCR product fitiadulu
waaaUJAsen dayannn1aiamzi HRM a:gnﬁnma%’mnsnﬂuasmﬁﬁmﬂu difference plot i#a
aTzRaMuEBLLT (variation) wazdtaeia lwlni (genotype) vas8u HRM snansaldasiasay

s s L @ a
wuqmami...umnqmwaw'mmm 141

=Y
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anuAadnfvasBunysdlulsanainsiia gu Bu BRCAT usz  BRCA2  lulsauziSuduw
(De Leeneer et al., 2008) §% FGFR3 lulsa achondroplasia (Hung et al., 2008) uazdu CFTR lulsa
cystic fibrosis (Montgomery et al., 2007)

mufﬁnﬁﬁfﬂqﬂs:aa&ﬁ'aﬁ'eummﬂﬁﬂ HRM & nsuaaseuladuluin SLC4A1 lie
103 Gendulslomllumsifesolsalefadndlunsdunsa lesSududnsfnetusfia SAO
wae G701D ﬁwuﬂaﬂu;jﬂamﬁn"tm

I's Aaa
qﬂmmuaz'sﬁmi

f29£1971 1% lwn13nAaaduas PCR primers
o ' A A & o X A A A o A
dratndildwenltluninasesfihunnngisdmnusiievesfivatusesdu SLC4AT
o ' PN a a & o ao A . v &
Fundstansawd 11 waz 17 waznudluwindluduiiuar91nuisudesnonunawninh
(Vasuvattakul et al., 1999) lasaaianaladradiduadlulndas 2-3 draend thaltlumsiianz
#1875 PCR uaz HRM
PCR primers & n5ultinuysunmalduiouSiiaiansand 11 waz 17 2848w SLC4AT i
X A9 o a aad a . A9 o ' o r A oa
9N primers AilFas93lulndlasitaadn lav primers Ailgudiazg avouagudumisifianu
AuBUTNB9dwAaael uazl#auia PCR product Laiiin 500 GBI

11511 high-resolution melting (HRM) analysis

U7)Ai381 PCR uaz HRM ¥inlasia3as reak-time PCR LightCycler 480 Il (Roche Diagnostics,
Germany) lagld3iataud (reagents) uazluslWdlunnsvinigand (PCR profile) inilandtasiey uad
M3.&@u Resolight dye (Roche Diagnostics, Germany) luﬂg’jﬁ‘%mlﬁal%‘?@ﬂ%mmﬁﬁmama@j Myes
Tdsunsuiadasdmiuiiame® HRM Usznauds 96°C 1 wafl, 40°C 1 wift  anvindes s iy
gDl aufls 96°C w%auﬁv’ﬁ@mé?agaﬁmmaanamuﬁﬁ"l,ﬁ 8514 difference plot waziUSauAsuny

%IuvlmﬂﬁmmLLﬁﬂmlﬁTﬂsme Gene Scanning 1.5.0 (Roche Diagnostics, Germany)

Nammﬂaaauaﬁmszﬁ

Aaa v A

NANTILATZA melting curve VasTudBuianiiiatusiia SAO lulansan 11 uaz G701D lu

=)

lansau 17 v838u SLC4AT wuhlansuzianiz iladayaniaing difference plot ¥iliananin
wonanuuand19sznineslulndld laofnatusia SAO lwensou 11 Feswuanwizdlulniuuy
heterozygote (N/SAO) Waz homozygous wild-type (N/N) ansnsaunsndlulniannulasaian (n’]‘wﬁ
1y swmdnatusie 67010 luansewn 17 $9831wlngd 3 wuy fe homozygous wild-type (G/G),
heterozygous G/A L8z homozygous mutant (A/A) wuhaansauwendlulni /A ﬁ]’m?liuvlﬂﬂﬁlu L6l
Tisansauenslulni 6/G uaz AA ntuld sriusssndudasrinmimasssiy laoidudisuad
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o ' aAaa

#3lulnd 6/G Tudrads lunskdfiserfidensnsenaes dr0819n53ulni A/A 2z1fa
heteroduplex was'le difference plot Wdlaualad19ndduwlni G/A lasiuNanITNAaaINRINTA
= £ v ::4' a s o 1 dyw waaa 6
won3lulni 3 wuy senannuld (A NA 1) uenanTaTu 2 dunis RdiauTalsinienes
HRM Tn135037290NEweU 528981 SLC4AT Bn 16 G %awu’[u@ﬂ'smmzam%nmam%’aﬁﬂu
TsalafaUndlumsiunia wamImassn laazdnuwlulanasaly
NANIINARIBLFAIIRLARINITITIATIZR HRM 01T @529 0L aThIashNANNLANANS
s2rinsdlulndludu SLC4A1 neluuuuniinnsvianie (deletion) Wazn1TUNuA (substitution) Vs
a a (2 a 1 1 a a L
tedlalnale luvensdilizusauenanuuandisvasdlulnuuy homozygote aIHNATULNS
fale 1i891NNTUENANVLANGIITZRING wild-type WAT mutant homoduplexes ¥in 1@ bi@irinny
' ' o & XX | @ =
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mMAuitlariinalulad Human Apoptosis RT™ Profiler™ PCR Array 81 G@nsn1Iuaadaan
yasfuiifsidasnumsanslasezwenlInda (apoptotic gene) 31w 84 Bu lasinadia Real time RT-
' A a A fo dAa & v & A AAa Ada a X o
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ABSTACT

Apoptotic gene expression profiling in dengue virus-infected hepatoma cell line using Human
Apoptosis RT2 Profiler™ PCR Array revealed that 46 genes were differentially up-regulated and 38
genes were differentially down-regulated during the apoptotic phase of dengue virus-infected

hepatoma cell line. In addition, 6 genes, which were differentially up-regulated more than two-fold,
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involve not only in extrinsic but also in intrinsic pathway. This suggests a usefulness of apoptotic
gene expression profiling in clarification of the apoptotic process of dengue virus-infected liver cells,
which may lead to therapeutics toward prevention of fulminant hepatitis and hepatic failure in

patients infected with dengue virus in the near future.

adan: azwanlnds, LUaaaU, NMIuaasaanwasiin, IiiRanaan

Keywords: apoptosis, hepatoma cell line, gene expression, dengue virus infection
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Apoptotic Gene Expression Profiling in

Dengue Virus-Infected HepG2 cells

Atthapan Morchang!, Pa-thai Yenchitsomanus? and Thawornchai Limjindaporn?
I Department of Immunology, * Medical Molecular Biology Unit, Office for Research and Development; * Department of Anatomy, Faculty of Medicine Siriraj Hospital, Mahidol University

INTRODUCTION

Dengue virus infection is an important public health problem in
tropical region, including Thailand. Although the main pathogenesis is the
abnormality of hemostasis and vascular system, the liver mjury is
occasionally observed in patients infected with dengue virus. In addition,
the liver is considered as one of the replication sites of dengue virus.
Dengue virus-infected liver cells also undergoes apoptosis (1). To elucidate
the molecular mechanism of apoptosis in dengue virus-infected liver cells,
the altered expression of apoptotic genes during apoptotic phase of dengue
virus infection is investigated in this study using human apoptosis RT?

profiler™ PCR array. which is based on real time RT-PCR technique.

MATERIALS & METHODS

Mock

HepG2 cells

Determination of
apoptotic genes expression

Determination of
apoptosis

Determination of
infection

Real time RT-PCR analysis using
Apoptosis R1? Profiler™ PCR Arsay
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Figure 1. Apoptosis RT® Profiler™ PCR Array. Array plate contains 84
apoptosis-relevant genes involving in both extrinsic and intrinsic pathway. The
bottom row contains control wells.

RESULTS & DISCUSSION

O Mock cells
[0 DENV-infected cells

DENV-infected cells

1_:
|

E

7.50 % =

" e -
At Gl

Figure 2. Percentage of infection and apoptosis examined by monoclonal
antibody specific to DENV E and Annexin V/PI staining, respectively. Upon
infected with dengue virus, HepG2 cells were positive to dengue virus antigen
for 52.61 % and underwent apoptosis for 17.48%, which is statistically different
from those of mock HepG2 cells.

1 02 03 04 05 07 09 10 11 12

Up-regulation 46
Down-regulation 38
Total 84

Figure 3. Heat map and table represent fold change of 84 apoptosis-relevant
genes during apoptotic phase of dengue virus-infected HepG2 cells. Red and
green indicated up- and down- regulated gene expression, respectively. Several
intensity is based on the level of transcription. The table summarized the
number of mRNA expression of 84 apoptosis-relevant genes.

CONCLUSION

During apoptotic phase of dengue virus-infected HepG2 cells, the
apoptotic genes were altered either up- or down-regulated. Several altered
novel genes were identified involving not only in extrinsic but also in
intrinsic pathways. Some were previously reported: for example. the genes
of tumor necrosis factor (TNF) family. which involved in extrinsic pathway
{2). Further studies will be directed toward the functional role of these
genes in dengue virus-induced apoptosis in liver cells.
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Interaction between human kidney anion exchanger 1 (kAE1) and kinesin family member

3B (KIF3B) in human kidney cells
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Interaction between human kidney anion exchanger 1
(KAE1) and kinesin family member 3B (KIF3B) in
human Kidney cells
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Natapol Duangtum!, Thawornchai Limjindaporn’!, Nunghathai Sawasdee?, Piengpaga Ngaojanlar?, Pa-thai Yenchitsomanus?

!Department of Anatomy, ?Division of Medical Molecular Biology, Department of Research and Development, Faculty of Medicine Siriraj Hospital, Mahidol University,
Thailand

INTRODUCTION

Kidney anion exchanger 1 (kAE1) is an exchanger of chloride (CI-) and
bicarbonate (HCO3-) at the basolateral membrane of a-intercalated cells of
the kidney. Defects of KAE1 may result in a kidney disease ; distal renal
tubular acidosis (ARTA), and most of the defects occur either from mis-
targeting or impaired trafficking of kAE1 to the basolateral membrane. To
understand the regulation and transportation of kAEI to the appropriate
site, it will be necessary to identify proteins that interact with KAEL. A

kAE1 KIE3B Merge

yeast two-hybrid system (Y2H) using the C-terminus of kAE1 as a bait Figure 2. Co-localization of kAE1 with KIF3B in HEK 293T cells. The
was carried out to identify KAE1- interacting proteins, and kinesin family two proteins were co-localized mainly at the cell surface of co-
member 3B (KIF3B), which is a motor subunit of kinesin-2, was isolated transfected HEK-293T cells.

(1). However, the interaction between kAEl and KIF3B in human
mammalian cells has not been established. Therefore, this study aims to
confirm interaction between kAEl and kinesin family member 3B YFP [2]-KIF3B-HA

(KIF3B) in kidney HEK-293T cell line.

MATERIALS & METHODS
Figure 3. The interaction between KAE1 and KIF3B in HEK 293T cells

Confirmation of interaction of KAE1 and KIF3B in
examined by YFP-PCA. Transfections of the HEK-293T cells with YFP[1]-

HEK-293T cells
AE1 + YFP[2]-KIF3B-HA showed intracellular yellow fluorescent signals,

immunofluorescence
indicating the interaction between kAE1 and KIF3B.

co-localization staining
CONCLUSION
RESULTS AND DISCUSSION KIF3B is one of the kinesin II subfamilies of kinesin superfamily, which
consists of a large family of molecular motors that transport intracellular
cargos along microtubules using the energy derived from ATP hydrolysis
(2). In the present study, interaction between KAE1 and KIF3B in human

yellow fluorescent protein-protein fragment
complementation assay (YFP-PCA)

IP: anti-KIF3B
kidney cells (HEK-293T) was demonstrated by co-immunoprecipitation,
co-localization and YFP-PCA assays. KIF3B may play a role in kAE1
kAE1 + - + trafficking. Further studies will be directly toward the role of KIF3B in
KIF3B  + + - trafficking of KAE1 in physiological and pathological conditions.

. B a of kAE1
' REFERENCES
WB: anti-Myc
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Figure 1. The interaction of KAE1 and KIF3B in HEK-293T cells by co-
immunoprecipitation showed that antibody to KIF3B pulled down kAE1l
suggesting that KAE1 binds specifically to KIF3B.

This work is financially supported by Siriraj Graudate Thesis Scholarship to N.D. and the Senior Research Scholar Program of Thailand Research Fund to
P.Y.
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Candidate-gene Association Study of Kidney Stone in Northeastern Thai Population

Rungroj, N.l, Sritippayawan, S.z, Thongnoppakhun, W.l, Paemanee, A.3 ’4, Sawasdee, N.Z,
Nettuwakul, C , Jintaviwat, A’ Sudtachat N.° Ungsupravate D.?, Sootichote, R.?,
Praihirunkit, P. Chuawattana D Akkarapathumwong, V. Borwornpadungklttl S

Susaengrat W.6, Vasuvattakul, S.%, Malasit, P.> Yenchltsomanus p*

'Division of Molecular Genetics and *Division of Medical Molecular Biology, Department of Research and
Development, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, *Division of Nephrology,
Department of Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok,
*Medical Biotechnology Unit, National Center for Genetic Engineering and Biotechnology (BIOTEC), National
Science and Technology Development Agency (NSTDA), Bangkok, Institute of Molecular Biology and Genetics,
Mahidol University, Salaya, Nakorn Pathom, °Khon Kaen Regional Hospital, Khon Kaen, Thailand

Abstract

Kidney stone is a common public health problem in northeastern (NE) Thai population. Its
etiology is unknown but is proposed to result from an interaction between genetic
predisposition and environment factor. Abnormality of urinary stone-inhibitor proteins may
lead to kidney stone formation. The urinary stone-inhibitor proteins previously reported include
trefoil factor 1, calgranulin (A, B, and C), bikunin, osteopontin, Tamm-Horsfall glycoprotein,
and urinary prothrombin fragment 1. To investigate the role of these proteins in kidney stone
disease in the NE Thai population, we employed candidate-gene association study in the
patients with kidney stone (cases) and normal individuals (controls) collected from Khon Kaen
Regional Hospital. Single nucleotide polymorphisms (SNPs) distributed within and flanking 8
candidate genes including TFF1, SI0048, S10049, S100412, AMBP, SPP1, UMOD, and F2,
encoding the 8 urinary stone-inhibitor proteins (listed above) were genotyped in 112 DNA
samples each of the case and control groups by the method of multiplex primer extension and
denaturing high-pressure liquid chromatography (DHPLC). Altogether 67 SNPs, on average 5-
14 SNPs per gene, were analyzed in each group. The results revealed significant differences
between case and control groups of 8 SNPs in the F2 gene (P<0.05). The SNP haplotype —
CGTTCCGCTA in this gene were significantly different in the case and control groups (OR
0.43, 95% CI 0.24-0.78; P=0.0062). This indicates that /2 may influence genetic susceptibility
to kidney stone in the patients studied. The association study will be conducted in a different
cohort to confirm this finding and functional SNP will be identified by sequencing and
additional genotyping.

Keywords: kidney stone, nephrolithiasis, association study, single nucleotide polymorphisms,
SNPs, trefoil factor 1, calgranulin, bikunin, osteopontin, Tamm-Horsfall
glycoprotein, urinary prothrombin fragment 1, primer extension, DHPLC
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BACKGROUND

Kidney stone is a common public health problem in the
population of the Northeastern (NE) Thailand. Its etiology is
unknown but may result from an interaction between genetic
predisposition and environment factor. Genetic abnormality
or polymorphisms of the genes encoding urinary stone-
inhibitor proteins may be involved in kidney stone formation.
A case-control association study was performed to evaluate
the genetic factor in kidney stone formation in the NE Thai
population by analyses of single nucleotide polymorphisms
(SNPs) in TFF1, S100A8, S100A9, S100A12, AMBP, SPP1,
UMOD, and F2genes, encoding trefoil factor 1, calgranulin (A,
B, and C), bikunin, osteopontin, Tamm-Horsfall glycoprotein,
and urinary prothrombin fragment 1, which are known urinary
stone-inhibitor proteins.

OBJECTIVE

To examine frequencies of SNPs in the 8 genes including
TFF1, S100A8, S100A9, S100A12, AMBP, SPP1, UMOD, and F2
and evaluate their association with kidney stone in the NE Thai
population.

MATERIALS & METHODS

SNPs in the regions of 8 candidate genes were selected
(Figure 1) and genotyped in DNA samples of 112 cases (the
patient with kidney stone) and 112 normal controls, in Khon
Kaen and nearby provinces, by the method of multiplex

primer extension and denaturing high-pressure liquid
chromatography (DHPLC).
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Figure 1. Gene structure of eight candidate genes and positions of SNPs selected for study.

Multiplex PCRs (2- to 6- plex per reaction) were performed to
amplify DNA fragments containing the selected SNPs in each
gene. These PCR products were treated with ExoSAP-IT® to
remove excess primers and nucleotides and then used as
templates in primer extension reaction which was conducted
as sets. The primer extension products were then analyzed
by DHPLC machine (Wave, Transgenomic™) using fully
denaturing condition with a column temperature of 70°C.

Statistical tests for deviation from Hardy-Weinberg equilibrium
(HWE) of genotypes and association between SNP frequencies
and disease were performed by using DeFinetti, SNPStats,
and Haploview programs.
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RESULTS

Altogether 67 SNPs of 8 candidate genes were genotyped in 112 cases and

112 controls. Examples of the results of SNP genotyping by multiplex primer
extension and DHPLC are shown in Figure 2.
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Figure 2. Examples of elution profiles and SNP-genotype calling of the eight genes by using multiplex
primer extensions and DHPLC.

A number of 57 SNPs were found to be in Hardy-Weinberg equilibrium.
Statistical analysis revealed significant differences between control and case
groups of SNP allele and genotype frequencies in the F2 gene (Table 1). The
inheritance model considered by Akaike’s Information Criterion was
recessive. The control group had significantly higher proportions of
homozygous genotypes of minor alleles of 8 SNPs than that of the case group
(P=0.0036-0.016) with the odds ratios (OR) 0.15-0.40.

Table 1. Allele and genotype frequencies of 10 SNPs in the F2 gene in the control and case groups.
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Linkage disequilibrium (LD) and haplotypes analyses of SNPs in F2are shown
in Figure 3 and Table 2. SNPs 3-10 are in a strong LD and clustered in one LD
block. Six haplotypes, with frequencies >1%, were estimated based on
Expectation Maximization (EM) algorithm. Two haplotypes (CGTTCCGCTA
and CGTTCCGCTG) were found to be significantly more frequent in the
control than in the case with P = 0.0062 and 0.049, indicating that these
haplotypes were associated with a protective effect.

Table 2. Association between haplotypes of 10 SNPs of F2 gene and kidney stone risk.

Figure 3. Linkage disequilibrium (LD) plot showing D"
and LD block of genotyped SNPs in F2 gene
determined by the Haploview program.

| Haplotype Tontrol | OR (85% CI) | P
| 1. TGCCGCCGLG 0.5267 0.5967 1.00
2 CGTTCCGCTA 0.1857 0.0883 0.43(0.24-0.78)
3. CGTTCCGCTG 01355 | 0.0803 0.51 (0.26 - 0.99)
4. CATTGAGCTG 0.0885 01115 1.01 (0.51- 2.01) 088
5. CGCCGCCGCG 0.0134 0.0194 1.08(0.23-5.21) 0.0z
| 6 TGCCOCCGCG D.CO45 EI 0238 1 4. 1& [0 -ﬂ' 3?’ DS] 02

P = 0,072 aftor employing Bonferroni's correction for 6 haplotype-comparisons

CONCLUSION

The genetic polymorphisms of F2 are found to be associated with kidney
stone, suggesting that F2may influence susceptibility to the disease in the NE
Thai population studied.



[ % Na o

n1sUszyy Un3desulval. wu...u5338a17la anq. PJ-BIO-C24

q

A novel mutation causing a truncated hepatic nuclear factor-1o. (HNF-1a) in a Thai
family with maturity onset diabetes of the young (MODY)
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Division of Medical Molecular Biology, Department of Research and Development, Faculty of Medicine Siriraj
Hospital, Mahidol University, Bangkok 10700, Thailand

Abstract

Maturity onset diabetes of the young (MODY) is a monogenic form of type 2 diabetes.
Mutations of six individual genes are reported to cause MODY and in Caucasian mutations
most commonly occurred on hepatocyte nuclear factor-1o. (HNF-1a) gene. In the analysis of
mutations in the six known MODY genes in Thai patients, Siriraj Diabetes Research Group
(SiDRG) identified a novel mutation with an insertion of 14-nucleotides in HNF-/«a at the
positions between 1659 and 1660. Computer analysis predicted a frameshift mutation
introducing two new amino acids and an early stop at codon 556 (HNF-1a G554SfsX556),
generating a truncated protein with 555 instead of the full length of 631 amino acids. This
mutation was observed in two generations of the MODY family but was not detected in 200
normal healthy controls. To study its function, HNF-1a G554SfsX556 was created from a
wild-type HNF-1« construct by modified site-directed ligase-independent mutagenesis (SLIM)
method. [n vitro transcription and translation (TnT) assay showed the wild-type (WT) and
truncated HNF-1a proteins with the sizes of 68 and 59 kDa, respectively. The truncated protein
could bind to the promoter sequence as demonstrated by electrophoresis mobility shift assay
(EMSA). The functional study of WT and mutant HNF-1a will be determined in both HeLa and
BTC3 cells.
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(HNF-1a) in a Thai family with maturity onset diabetes of the young
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Introduction

Mutation of hepatocyte nuclear factor-1a (HNF-1a) gene causes

a common form of maturity-onset diabetes of the young
(MODY). Recently, Siriraj Diabetic Research Group identified a
novel frameshift G554SfsX3 mutation (Fig 1A) of HNF-1¢ in Thai
MODY patients. The G554SfsX3 mutation resulted
insertion of 14 nucleotides, AGTGAGTGAAGCCC (Fig 2A),
which contains a stop codon TGA at amino acid position 556.

in an

The mutation was detected in two generations of one MODY
family (Fig. 2B) but was not observed in 200 normal healthy
controls. This mutation is predicted to generate a truncated
protein of 555 amino acids instead of the wild-type protein with
631 amino acids i.e. a part of C-terminal transactivation domain
is deleted (Fig 1B). Therefore, HNF-1a G554SfsX3 mutation is
most likely to be a pathogenic mutation. To perform functional
studies of this mutation, HNF-1a G554SfsX3 was created by
site-directed ligase-independent mutagenesis (SLIM) to be

transfected into a pancreatic -cell line.

GSSI?EXS
A. 5 lll -_-l‘ "= H = B EH =®  Ey
B. : | _ fiionsacthation demeln Wild-type
LR 310
Dimerization domain
B I  ooceciveion onai Mutant

122 180 5558

Figure 1. Genomic (A) and proteomic (B) structure of HNF-1a.

(A) The position of G554SfsX3 was found in exon 9. (B) The wild-
type and mutant protein contain 631 and 555 amino acids (aa),
respectively.
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Figure 2. DNA sequencing (A) and pedigree (B) with proband who
carries HNF-1a. G554SfsX3 mutation.

A. The inserted 14 nucleotides and stop codon were shown in box
and underlined, respectively. (B) Family tree of proband and number
indicates the age at diagnosis of each individual. The genotypes are
indicated under symbols. N : normal, M : mutant allele.

All plasmids were screened by PCR using BGH-reverse and
specific detection forward primers which contain 14 inserted
nucleotides. The mutant plasmid could be amplified by PCR with
target size 343 bp while the wild-type plasmid could not (Fig 3A).
Subsequently, the plasmid with positive PCR screening were
verified by DNA sequencing. Sequencing result of mutant plasmid
showed an insertion of 14 nucleotides, AGTGAGTGAAGCCC, at
the position between 1659 and 1660 of wild-type sequence. In
vitro transcription and translation (TnT) assay showed the wild-
type (WT) and mutated HNF-1a proteins with the sizes of 68 and
59 kDa, respectively. (Fig 3B).
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Figure 3. Agarose gel electrophoresis of PCR products and western blot
analysis of in vitro transcription and translation (TNT) assay of wild type
and mutant plasmids.

Conclusion |

The recombinant plasmid containing HNF-1a G554SfsX3 mutation

was generated by SLIM method. To study its functional impact,
transient transfection and promoter assay will be performed in

pancreatic p-cell line.
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VISUALIZATION OF INTERACTION BETWEEN KIDNEY ANION
EXCHANGER 1 (kAE1) AND ADAPTOR-RELATED PROTEIN COMPLEX 1
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Kidney anion exchanger 1 (kAE1) is an exchanger of chloride (CI) and
bicarbonate (HCOj3) at the basolateral membrane of a-intercalated cells of the kidney.
Defects of KAE1 may result in a kidney disease — distal renal tubular acidosis (dRTA)
and most of these defects occur from impaired trafficking or mis-targeting of KAE1 to
the basolateral membrane. However, the mechanism involving in trafficking and
targeting of KAEI to express at surface membrane is not yet known. We searched for
proteins binding to the C-terminal tail of kAE1 (Ct-kAE1) which contains motifs
crucial for its intracellular trafficking by yeast two-hybrid screen and identified an
adaptor-related protein complex 1 plA subunit (AP1M1) or plA-adaptin as an
interacting partner of Ct-kAE1. To confirm their interaction, kAE1 and p1A-adaptin
were expressed as full lengths in human embryonic kidney 293T cells (HEK 293T).
In addition to co-immunoprecipitation (ColP), co-purification and co-localization,
their interactions were also examined by yellow fluorescent protein (YFP)-based
protein fragment complementation assay (PCA). Two separate fragments of YFP
were fused to the N-terminus of kAEl and N-terminus of plA-adaptin. The
interactions between kAE1 and plA-adaptin in HEK 293T cells were demonstrated
by intracellular yellow fluorescent signals. Such interactions may be important in the
cell surface transport or recycle of KAE1.

Supported by Senior Research Scholar Grant of Thailand Research Fund (to PY) and
Siriraj Graduate Scholarship (to PN).
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Mutations of Maturity-Onset Diabetes of the Young (MODY)
Genes in Thais with Early-Onset Type 2 Diabetes Mellitus
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Objective: Six known genes responsible for maturity-onset diabetes of the young (MODY) were analyzed to
evaluate the prevalence of their mutations in Thai patients with MODY and early-onset type 2 diabetes.

Materials and Methods: Fifty-one unrelated probands with early-onset type 2 diabetes, twenty-one of whom
were well-suited with classic MODY criteria, were analyzed for nucleotide variations in promoters, exons, and
exon-intron boundaries of six known MODY genes, including HNF-4a, GCK, HNF-1¢, IPF-1, HNF-1p, and
NeuroD1/B2, by polymerase chain reaction-single strand conformation polymorphism (PCR-SSCP) method
followed by direct DNA sequencing. Missense mutations or mutations located in the regulatory region, which
were absent in 130 chromosomes of non-diabetic controls, were classified as potentially pathogenic mutations.

Results. We found that mutations of the six known MODY genes account for a small proportion of classic
MODY (19%) and early-onset type 2 diabetes (10%) in Thais. Five of these mutations are novel including GCK
R327H, HNF-1a P475L, HNF-1ot S554fsX556, NeuroD -303G>A and NeuroD A322N. Mutation of IPF-1 and
HNF-1§ was not identified in the studied probands.

Conclusion: Genetic variability of the six known MODY genes may not be a major cause of MODY and

early-onset type 2 diabetes in Thais. Therefore, unidentified genes await discovery in a majority of Thai patients
with MODY and early-onset type 2 diabetes.

Siriraj Med J, Volume 60, Suppl 1, March 2008 13
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INTRODUCTION

Maturity-onset diabetes of the young (MODY) is a special monogenic form of
type 2 diabetes characterized by young age at onset usually before 25 years and
autosomal dominant inheritance. To date, mutations in any one of six genes are
described as a cause of MODY, including HNF-4a/MODY1, GCK/IMODY2, HNF-
12/MODY3, IPF-1/MODY4, HNF-15MODY5, and NeuroD1/MODY®6. All of them
encode transcription factors expressed in pancreatic B-cell, excepting for
glucokinase (GCK) which is a key enzyme involve in glycolytic and insulin
secretory processes. Schematic model of a pancreatic B-cell and the proteins
implicated in MODY was shown in Figure 1. The prevalence of mutations in each
MODY gene is different among various ethic groups. Therefore, it is interesting to
study the prevalence of MODY gene mutations in Thai patients.

Figure 1 Pancreatic B-cell and the proteins implicated in MODY.

OBJECTIVE

Six known genes responsible for maturity-onset diabetes of the young (MODY)
were analyzed to evaluate the prevalence of their mutations in Thai patients with
MODY and early-onset type 2 diabetes.

MATERIALS AND METHODS

We screened the promoters, exons, and exon-intron boundaries of six known
MODY genes, including HNF-4a, GCK, HNF-1a, IPF-1, HNF-14, and
NeuroD1/52 for mutation in 51 unrelated probands with early-onset type 2
diabetes, 21 of whom were well-suited with classic MODY criteria by PCR-SSCP
technique followed by direct sequencing. Missense mutations or mutations
located in regulatory region, which were absent in 130 chromosomes of non-
diabetic controls, were classified as potentially pathogenic mutations.

RESULTS

A total of thirty seven nucleotide variations were identified. Seven of them were
potentially pathogenic mutations (Table1). Five of these mutations are novel,
including GCK R327H, HNF-1a PA475L, HNF-1a G554fsX556, NeuroD1
-303G>A and NeuroD1 A322N. HNF-1a R203C and G554fsX556 is segregated
with the disease in family (Figure 2). Mutation of /PF-1 and HNF-14 were not
identified in the studied probands. We found that mutations of the six known
MODY genes account for a small proportion of classic MODY (19%) and early-
onset type 2 diabetes (10%) in Thais.

Table 1 Possibly pathogenic mutations of four MODY genes observed in Thai

patients.
Nucleotid: S ti
Gene Location ucieotide Designation Family  Subject .egre-ga ind
change with disease
HNF-4a (MODY1) Exon 8 CGT>CAT R312H® F019 M19 ND
GCK (MODY2) Exon 8 CGC>CAC R327H2b F049 M49 ND
HNF-1a (MODY3) Exon 3 CGT>TGT R203CP F043 M43 Yes
Exon 7 CCG>CTG P475L2b F022 M22 ND
Exon 9 Insertion 14 nt  G554fsX5562 F027 M27 Yes
NeuroD1 (MODY6) Promoter G>A -303G>A? F036 M36 ND
Exon 2 GCT>AAT A322Nab F050 M50 No
2 Novel sequence variations.
b Sequence variations alter amino acids that are conserved across species.
ND = not done
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Figure 2 Pedigrees of probands carried mutations of HNF-1a R203C (A),
HNF-1ac  G554fsX556 (B which segregated with diabetes in the
affected families but NeuroD71 A322N did not (C). Relatives of
probands who carried HNF-4a R312H, GCK R327H, and HNF-1a
P475L were not available for the study. “N” refers to the normal allele
and “M” refers to a mutated allele.

CONCLUSION

Mutations in HNF-1/MODY3 are more common among patients being studies,
compared to other 5 MODY genes. However, these 6 known MODY genes may
not be a major cause of MODY and early-onset type 2 diabetes in Thais.
Therefore, unidentified genes await discovery in a majority of Thai patients with
MODY and early-onset type 2 diabetes.
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Objective. MODY is a monogenic subtype of Type 2 diabetes characterized by early onset, autosomal
dominant inheritance, and impaired insulin secretion. Mutations in six different genes have been found to cause
MODY; including, glucokinase, HNF-4¢, HNF-I[)’, IPF-1, HNF-1a and NeuroDl. However, some families
with clinical diagnosis of MODY do not carry mutations in these known genes. Thus, additional MODY genes
should exist. In animal models, transcription factors Nkx6.1 and Nkx2.2 have been shown to play an important
role in B-cell development, suggesting that their genes may potentially be candidates for MODY. The aim of
this study was to investigate whether genetic variations of Nkx6.I and Nkx2.2 are observed in Thai patients
with MODY.

Materials and Methods. We screened the coding regions and intron-exon boundaries of the Nkx6.1 and
Nkx2.2 for mutations in 46 probands of families with clinical diagnosis of MODY using PCR-SSCP technique
followed by direct sequencing. All of the six known MODY genes have already been excluded in these
families.

Results: A mutation resulting in substitution of methionine by isoleucine at position 28 (M281) of Nkx6.1 was
identified in one proband. In addition, substitution of leucine by proline at position 35 (L35P) was found in one
proband and in one normal control. A TCGTCG deletion at codon 54-55 (S54-55del) of Nkx6.1 was observed
in one normal control. An intronic SNP (IVS2+28A—C) was observed with higher frequencies in MODY
probands than in normal controls although it did not reach statistical significance. A SNP 3' UTR+12A—G of
Nkx2.2 was identified in one proband and 3' UTR+41C—T was observed in one normal control. In addition,
substitution of asparagine by lysine (N36K) of Nkx2.2 was found in one proband and four normal controls.

Conclusion: The genetic variabilities of Nkx6.1 and Nkx2.2 are not a major cause of MODY in Thai patients
being studied. Thus, these families are precious resources for identifying novel MODY genes.
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Napat Songtawee'2, Nattachet Plengvidhya?®, Watip Boonyasrisawat!, Napatawn Banchuin', Pa-thai Yenchitsomanus?

"Department of Immunology, *Division of Medical Molecular Biology, Department of Research and Development, 3Division of Endocrinology
and Metabolism, Department of Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok 710700, Thailand

INTRODUCTION

Maturity onset diabetes of the young (MODY), a monogenic subtype of type 2
diabetes, is characterized by autosomal dominant inheritance, early onset, and p-
cell dysfunction. MODY is caused by mutations in 6 different genes encoding
glucokinase enzyme and transcription factors: HNF-4a, HNF-1a, IPF-1, HNF-1p
and NeuroD1. All of them are expressed in B-cells of pancreas (Figure 1). However,
some families with clinical diagnosis of MODY do not carry mutations in these
known genes. Thus, additional MODY genes should exist.
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Figure 1  Pancreatic B-cell and the proteins implicated in MODY (Fajans et al NEJM 2001).

Identification of MODY genes has highlighted the role of transcription factors in the
development of diabetes. In animal models, transcription factors Nkx6.1 and Nkx2.2
have been shown to play a crucial role in B-cell development (Figure 2), suggesting
that the genes encoding these 2 transcription factors may potentially be candidate
genes for the development of MODY.
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Figure 2 Role of transcription factors during cell differentiation within developing pancreas
(Habener et al Endocrinology 2005).

OBJECTIVE

To investigate whether genetic variations of Nkx6.71 and Nkx2.2 genes are observed
in Thai patients with MODY and early-onset type 2 diabetes.

MATERIALS AND METHODS

We screened coding regions and intron-exon boundaries of Nkx6.7 and Nkx2.2
genes for mutations in 46 probands of families with clinical diagnosis of MODY or
early-onsettype 2 diabetes by using polymerase chain reaction-single strand
conformation polymorphism (PCR-SSCP) technique followed by direct sequencing.
All of the 6 known MODY genes have already been excluded in these families.

RESULTS

Table 1 Summary of nucleotide variations identified in Nkx6.7 gene.
X Genotype frequency Allele frequency
Location | Codon/nt Nzﬁf:;ge D
MODY (n = 46) Control (n=74) MODY Control
GIG GIC CIC | GIG GIC CIC . .
Exon 1 31 ATG - ATC M311 a5 1 0 74 0 0 g_' g'g? g_' ;'g:
0.98 0.02 0.0 |1.00 000 000 | ~° ° e
TT TIC CIC TT TIC CIC . .
35 | CIG-CCG| L35P 45 1 o0 [ 73 o 1 [T 99T 0%
0.98 002 0.0 | 0.99 0.00 0.01 e e
NN N/A  AlA NN N/A  AIA
sa55 | TGGTCC | goagedel | 46 0 o | 73 1 o | N 100N 089
1.00 0.00 0.00 | 099 001 000 |°° e
ANA AC CIC | AA AC CIC . .
mtron2 | n28 | Asce | M | oqg a3 5 | G0 a7 7 | & %A 086
039 050 0.1 | 041 050 0.09 | ~° e

2six nucleotides (TCGTCG) deletion results in the in-frame deletion of serine at position 54-55.
® nucleotide change at the position +28 relative to the splice donor site of intron 2.
¢ V82 nt+28 A-C show high frequencies with no statistically significant difference.

Table 2 Summary of nucleotide variation identified in Nkx2.2 gene.
Nucleotid Genotype frequency Allele frequency
Location | Codon/nt alll:;::ﬁt‘;"e D
MODY (n = 46) Control (n =74) MODY Control
CIC CIA AA | CIC CIA AA . .
Exon 1 36 |AAC—>AAA|  N36K 45 1 0 | 70 4 0 2_' g'g? ﬁ: g'g;
0.98 002 0.00 | 095 005 0.00 ' ° s
\ ANA AG GIG | AA AG GIG . .
FUTR | iz | AsGe | SUTRMZL a5y o | 74 o o | £ 0% A 008
0.98 002 0.00 | 1.00 0.00 0.00 | P
FUTRear | GC G TT | CICCT T | ¢ 440 |c: 0.99
nt+41 c->Tb CoT 6 0 0 731 0 | T 000 | T 001
1.00 0.00 0.00 | 099 0.01 0.00 | =~ e

2 nucleotide change at the position +12 relative to the stop codon (TGA) in the 3' untranslated region
b nucleotide change at the position +41 relative to the stop codon (TGA) in the 3' untranslated region
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L

Figure 3 Gene structure and nucleotide variations identified in the Nkx6.7 and Nkx2.2 genes.
The boxes represent exons and the horizontal lines represent introns.
Il and @ indicate the NK decapeptide domain and homeodomain, respectively.

CONCLUSION

A possibly pathogenic mutation for Nkx6.7 (M311) and Nkx2.2 (3' UTR+ 12A->G)
was identified in one proband each. However, the genetic variations of these two
genes are not a major cause of MODY and early-onset type 2 diabetes in Thai
patients studied. These families are precious resources for identifying novel genes
responsible for MODY.
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Objective. Peroxisome proliferator-activated receptor gamma (PPARY) regulates cellular functions related to
lipid metabolism, glucose homeostasis, and adipocyte differentiation. It has recently been shown that polymorphisms
of PPARy might influence the genetic susceptibility to type 2 diabetes mellitus (T2D); however, the results have
been somewhat inconsistent in different populations. The purpose of this study was to investigate the association
of PPARy polymorphisms, especially Prol2Ala, with clinical features in T2D Thai patients.

Materials and Methods: 285 T2D patients and 258 non-diabetic controls were genotyped for Prol2Ala and
several tag-single nucleotide polymorphisms (tagSNPs) in the PPARy gene by polymerase chain reaction (PCR)
and restriction fragment length polymorphism (RFLP). Chi-square (XZ) test, Mann-Whitney U test, Kruskal-
Wallis H test and independent-T test were used in statistical analysis.

Results: Eventhough the association between Prol2Ala polymorphism and T2D was not found, some polymorphisms
were significantly associated with particular clinical features in the studied subjects. In addition, a unique
electrophoretic mobility shift of an amplified fragment from exon 6 was noted, possibly suggesting a private
mutation, and was detected in one diabetic patient.

Conclusion. Prol2Ala polymorphism was not associated with T2D in the group of Thai patients studied.

However, some of these polymorphisms may influence particular clinical features. A unique electrophoretic
mobility shift in exon 6 is worth further investigation.

Siriraj Med J. Volume 60, Suppl 1, March 2008 17
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K Table 2 The association between PPARy polymorphisms and either clinical characteristics in both type 2
Intl’Oduct diabetic patients and controls.

Polymorphisms of several human genes have been found to influence genetic o s PV —
predisposition to complex, multifactorial forms of type 2 diabetes (T2DM). One B ) oM o7
of those genes is peroxisome proliferator-activated receptor gamma (PPARy) that o Somems _DRail :
regulates cellular functions related to lipid metabolism, glucose homeostasis, and Contrls__ 2532941
adipocyte differentiation. In addition, sequence variations in PPARy are cre=TEn s
associated with several metabolic diseases. Drugs that activate PPARy, _
BN (kg

thiazolidinediones, are currently used to treat T2DM and PPARy polymorphisms
may affect its therapeutic response. PPARy polymorphisms are known to be Wek (=]
different in various populations; however, these are unknown in Thai population.

Hip (cm)

Faiting ghacoie (mg'@)  TIDM
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Toghyemide (mg d) 303
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Objective

wmght (kg

To investigate the association between PPARy
as certain clinical characteristics in Thai patie
include Prol2Ala and three tag-single nucleot
rs3856806 (C161—T), rs9817428, and
polymorphisms are shown in Figure 1.
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H H u I I >UTR of PPARy (Fig. 2a, b, 1\(/:[)' . A

Exon Al A2 B 1 2 (b)

Figure 1 Physical locations of the studied

Materials and Methods

Type 2 diabetic patients (n = 277) were rec
Hospital, Mahidol University. The individuals
normal fasting plasma glucose levels without
first and second degree relatives. Genomic D
blood mononuclear cells by standard protoco
polymerase chain reaction (PCR) and restrictic
(RFLP). Differences in distribution of alleles a
were assessed by the y? test. All other statistica
statistical analysis software version 13.0 for Wi

Genotypes were found to be in Hardy-Weinberg equilibrium for both T2DM and
controls. The frequencies of the alleles and genotypes are not different between
the groups (Table 1). Table 2 represents the genotype means for each of the

Forward primer 153856806 (C161—T)
tcagacagattgtcacggaacacgtgcagctactgcaggtgatcaagaa

gacggagacagacatgagtcttcacccgctectgcaggagatctacaag

Stop codon  Deletion Reverse primer
gacttgtaagagagtcctgagccactgccaacatttcccttcttcc o

GCAG AGAGTCCTGAGCCACTGCCAACATTTCCCTTCTTCC
GCAG AGTCCTGAGCCACTGCCAACATTT CCCTTCTTCC

;

A e WA Y

Figure 2 A novel polymorphism with dinucleotide (AG) deletion in 3° UTR in PPARy.
(a) Location of novel polymorphism in PPARy.
(b) In 500 unrelated subjects, a unique electrophoretic mobility shift on polyacrylamide gel

outcome variables of Prol12Ala, C161—T, and rs4135275 that showed significant was detected in one subject, P46 in lane 2.
association with different characteristics such as weight, body mass index (BMI), (c) Heterozygous nucleotide pattern of P46. Upper, wild-type PPARy seuence; lower, frame
waist, hip, systolic blood pressure (systolic BP), fasting plasma glucose, and shift sequencing corresponding to AG deletion.

triglyceride. The results of rs9817428 did not produce any positive findings.

Table 1 Results of PPARy SNP genotyping in the patients with T2DM and control group COHC]“S]OH

showing as allele and genotype frequencies. The numbers in parentheses are percentages.

No association between studied PPARy polymorphisms and T2DM was observed

Pelym orphic site - Alldle_ = G“-’;‘;“’pe = in the groups of patients and controls analyzed in this study. However, we
PoDAL(CG)  TDM M (056 W00 57098 00072 00000 found that Ala alle!e at Prol2Ala SNP is associated with lower BMI z}nd_ waist
Confrols  651(0.966) 23(0034)  313(0.835) 21(0.062)  1(0.003) when compared with Pro allele in the control group. In contrast, significant

=053 P=0787 association of C161—T and rs4135275 with the clinical characteristics were

CI61=T(CT) TIDM  412(074) 142(0236)  148(0.534) 116(0419) 13(0.047) shown in the patient group. The feature of metabolic syndrome was clearly

Centrols 311(0-7;20313?} (0242 190(036% 1;1:3 359} 160:047) present in the patient group who carried T allele at C161—T when compared

P T oV v, YT YT b TR T Y T T T with the C allele. A novel polymorphism, delAG in 3’ UTR, is interesting to be

Comrols  361(0336) 313(0468)  100(0308) 133 (0430 §0(023T) investigated further for its effect on mRNA stability and association with T2DM.
P=0264 P=0912
- i . Acknowledgements
i3T5 (AG)  TZDM  291(0323) 263(0473)  S0(D283) 131(0473) 660238
Controls 358 (0.531) 316(0469)  102(0.303) 154(0457) §1(0.240)

P=0838 FP=0348 This work was supported by a Research Grant from Mahidol University. PY is supported
by Senior Research Scholar Grant from Thailand Research Fund (TRF).
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Objective: Distal renal tubular acidosis (dRTA) caused by a novel compound heterozygous A858D/G701D
mutations in the human solute carrier family 4, anion exchanger, member 1 (SLC4A1) was diagnosed in two
pediatric patients from one Thai family. To further investigate for the molecular defect associated with this
compound heterozygous condition, we expressed and co-expressed mutant kidney AE1 (kAEl) proteins in
human embryonic kidney (HEK) 293 and Madin-Darby canine kidney (MDCK) epithelial cells and investigated
their interaction, trafficking, and cellular localization.

Materials and Methods: HEK 293 cells were transfected or co-transfected with recombinant plasmids containing
either wild-type kAE1, kAE1 A858D or kAEl G701D cDNA, tagged with the sequence of either His-, HA- or
Myc-epitope and examined for protein expression by Western blot assay, protein dimerization by co-purification
and co-immunoprecipitation, and subcellular localization by double-immunofluorescence staining and confocal
microscopy. Additionally, cell surface expression of kAEl was analyzed by fluorescent activated cell sorting
(FACS). Similar studies were also performed in non-polarized and polarized MDCK cells using a retroviral-
derived expression system.

Results: In the individual expression in HEK 293 and MDCK cells, the wild-type KAE1 was localized at the
cell surface, kAE1 A858D was observed both in the cytoplasm and on the cell surface, but kAE1 G701D was
present mainly in the cytoplasm, confirming the results of our previous studies. In the co-expression experiments,
the wild-type kAE1 could form heterodimers with either kKAE1 A858D or kAE1 G701D and rescued the mutant
proteins to express on the cell surface. The co-expression of kAE1 A858D and kAE1 G701D resulted in
heterodimer formation, but in predominantly intracellular retention in both HEK 293 and MDCK cells.

Conclusion: The trafficking defect and decreased expression of kAE1 A858D and kAE1 G701D on the cell

surface likely resulted in a decrease of functional kAE! at the basolateral membrane of the O-intercalated cells
in the kidney, and finally caused dRTA.
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BACKGROUND

We have recently identified two pediatric patients with distal renal tubular acidosis (dRTA)
caused by novel compound heterozygous A858D/G701D mutations in human solute carrier
Sfamily 4, anion exchanger, member 1 (SLC4AI), encoding kidney anion exchanger 1
(kAE1), in a Thai family (AJKD 2007, AJH 2008). However, the molecular defect
associated with this compound heterozygous condition is unknown. We therefore
investigated into interaction, trafficking, and cellular localization of wild-type and mutant
kAE1 proteins expressed and co-expressed in cultured cell lines.

OBJECTIVE

To investigate interaction, trafficking, and cellular localization of wild-type and mutant
kidney AE1 (kAE1) proteins expressed and co-expressed in human embryonic kidney
(HEK) 293 and Madin-Darby canine kidney (MDCK) epithelial cells.

METHODS

Construction of recombinant plasmid and site-directed mutagenesis
(Recombinant plasmids containing wild-type and mutant kAE! cDNA)

a

Transfection and co-transfection of recombinant plasmids into
HEK 293 and MDCK cells

! |

His-tagged co-purification
and co-immunoprecipitation
(Protein-protein interaction)

RESULTS
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Western blot analysis
(Protein expression)
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(Cellular localization)
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Figure 1. Expression of wild-type (WT) and mutant KAE1 fusion proteins in HEK
293 cells analyzed by Western blot method (A), and interaction of wild-type and
mutant KAE1 fusion proteins in HEK 293 cells analyzed by co-immunoprecipitation
(B) and affinity co-purification (C).
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Figure 2. Cellular localization of WT and mutant KAE1 tagged with Myc epitope (A)
or hemagglutinin (HA) (B), co-localization of WT and mutant KAE1 (C), and co-
localization of two mutant KAE1 (D) in HEK 293 cells, detected by
immunofluorescence staining and confocal microscopy.

RESULTS (cont.)
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Figure 3. Cellular localization of WT or mutant KAE1 (A), WT and mutant KAE1 (B-
C), and two mutant KAE1 (D) in non-polarized (top-left panel) and polarized (top-
right and bottom panels) MDCK cells. E-cadherin (epithelia basolateral marker) was
used to co-stain with WT, mutant, or two mutant KAE1 in polarized MDCK cells (E).

100 |
=
iﬂ:
: |
-

it

HEGHI  WTmyc ABSED-myc GMOIDmyc WTanye Wrmye WT-myc ABSSSmyc GT0Damyc
N gative WI-HA  ABSED-HA GTOID-HA GTDMD-HA ABSED-HA
control

ERpEEEn

mm-mm. & A1 GIOIDHA 285

% of cell-surface oxpresaion of KAE1

Figure 4. Percentage of cell surface expression of WT and mutant kKAE1 in HEK 293
(A) and MDCK cells (B) detected by flow cytometry.

SUMMARY

When they were individually expressed, wild-type KAE1 was localized at the surface of HEK
293 cells (Fig. 2A & B) and MDCK cells (Fig. 3A), KAE1 A858D was observed both in the
cytoplasm and at the cell surface but kKAE1 G701D was mainly retained in the cytoplasm.
When they were co-expressed, the wild-type KAE1 could form heterodimers with either
kAE1 A858D or kAE1 G701D (Fig. 1B & C) and rescued the mutant proteins to express on
the cell surface (Fig. 2C, 3B & C). The co-expressed kKAE1 A858D and G701D could also
form heterodimer (Fig. 1B & C) but showed intracellular retention in both HEK 293 and
MDCK cells (Fig. 2D and Fig. 3D). kAE1 A858D might partially rescue kKAE1 G701D to the
cell surface (Fig. 3E). The impaired trafficking and intracellular retention of kAE1 A858D
and G701D would lead to decrease functional kAE1 at the basolateral membrane — this
molecular defect might occur in the kidney o-intercalated cells in the dRTA patients with the
novel compound heterozygous mutations.
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Objective: Siriraj Diabetic Research Group identified a novel HNF-lo frameshift (G554fsX556) mutation,
resulted from an insertion of 14 nucleotides, into members of a Thai family with maturity-onset diabetes of the
young (MODY). This mutation generates a truncated protein containing 555 amino acids, which lacks a part of
C-terminal transactivation domain. To examine the transcriptional activity of the HNF-1a G554fsX556 mutation
on human GLUT?2 and rat L-type pyruvate kinase (L-PK) promoters, luciferase activity was measured in HeLa
cells transiently co-transfected with two different plasmid constructs, one containing the mutant gene and the
other containing one of the two promoters which was placed to control the luciferase reporter gene.

Materials and Methods. pcDNA3.1-HNF-1a G554fsX556 mutant plasmid was created by modified site-
directed ligase-independent mutagenesis method and entire coding sequences of all constructs were verified by
automated DNA sequencing. HeLla cells were transiently transfected with pcDNA3.1 empty vector or HNF-1¢o
wild-type or HNF-1a G554fsX556 mutant together with pGL3-hGLUT?2 or pGL3-rat L-PK reporter vector and
pRL-SV40 vector using Fugene 6 reagent. After 24 hours of transfection, the cells were lysed and luciferase
activity was measured using Dual-Luciferase® Reporter (DLR) Assay. Normalized luciferase activities from
three independent experiments were shown in mean + SEM and analyzed by unpaired student’s f test. The
p-value <0.05 was considered to have statistically significant difference.

Results: The normalized luciferase activities of HNF-1a wild-type and G554fsX556 mutant on human GLUT?2
promoter in the HeLa cell line were 3.62+0.35 and 2.16+0.21, respectively (p<0.05). Similarly, the normalized
luciferase activities of HNF-1¢o wild-type and G554fsX556 mutant on rat L-PK promoter in the HeLa cell line
were 14.05+1.53 and 7.79+0.76, respectively (p<0.05).

Conclusion: A truncated HNF-1a G554fsX556 protein had a significantly reduced transactivation on human
GLUT2 and rat L-PK promoters when compared to HNF-la wild-type. The loss of function of HNF-1a
G554S£sX556 might be involved in impaired B-cell function and pathogenesis of MODY.
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INTRODUCTION

A novel hepatocyte nuclear factor-1a (HNF-1a)
frameshift (G554fsX556) mutation, resulted from an
insertion of 14 nucleotides, was identified by our
group in a Thai family (Fig 1) with maturity-onset
diabetes of the young (MODY). This mutation
generates a truncated HNF-1a protein containing 555
amino acids, lacking a part of C-terminal
transactivation domain. However, its transactivation
function on the downstream genes is unknown. We
therefore examine the transcriptional activity of the
HNF-10 G554fsX556 protein on human GLUT2 and
rat L-type pyruvate kinase (L-PK) promoters,
transient transfection and luciferase reporter assay
were performed.

| Dﬁ_olgo[:l%

Figure 1. Segregation of the HNF-1a
G554fsX556 mutation in MODY family

Diabetic and nondiabetic subjects are
indicated by filled and open symbols,
respectively. The age at diagnosis and
genotypes (N, normal HNF-1a; M
mutant HNF-1a) are shown.
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Figure 2. Schematic representation of plasmid construction,
transient transfection and luciferase reporter assay.

The wild-type (HNF-1a WT) and mutant (HNF-1a G554fsX556)
plasmids were constructed. Hela cells were then transiently
transfected with pcDNA3.1 empty vector or HNF-1a WT or HNF-1a
G554fsX556 mutant together with pGL3-hGLUT2 or pGL3-rat L-PK
reporter vector and pRL-SV40 vector using Fugene 6 reagent. After
24 hours of transfection, HelLa cells were lysed and luciferase activity
was measured using Dual-Luciferase® Reporter (DLR) Assay.

RESULTS
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Figure 3. Transcriptional activity of HNF-1a WT and HNF-1a
G554fsX556 on human GLUT2 or rat L-PK promoters in HelLa
cells.

The normalized luciferase activities of empty vector, HNF-1a WT and
G554fsX556 mutant on human GLUT2 (A) and rat L-PK promoters (B)
in HeLa cells. Data expressed as mean:SEM (N=3).

** p-value <0.01, *, p-value <0.05 (by unpaired student’s { test).

CONCLUSION
The truncated HNF-1a G554SfsX556 protein had a
significantly reduced transactivation on human
GLUT2 and rat L-PK promoters when compared to
HNF-1a WT. The loss of function of HNF-1a
G554SfsX556 may be involved in pancreatic (3-cell
dysfunction and pathogenesis of MODY.
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Decreased Repressor Activity of Paired Box 4 (PAX4) R192H
Polymorphism Associated with Maturity-onset Diabetes of the

Young (MODY) in Thai Patients

Titikan Chukijrungroat', Suwattanee Kooptiwut', Jatuporn Sujjitjoon®, Napat Songtawee®, Namoiy Semprasert’,

Nattachet Plengvidhya‘, Napatawn Banchuin’, Pa-thai Yenchitsomanus®
'Department of Physiology. *Department of Immunology. *Division of Medical Molecular Biology. Office for Research and Development
“Division of Endocrinology and Mei_zbolism. Department of Medicine, Faculty of Medicine Siriraj Hospital. Mahidol University, Bangkok 10700, Thailand

Objective: Maturity-onset diabetes of the young (MODY) is a heterogeneous group of monogenic diabetes
with autosomal dominant inberitance and early onset (age <25 years). In an attempt to identify the causative
genes of MODY in Thai patients by the candidate gene approach, Siriraj Diabetes Research Group found that
a polymorphism (G>A) of PAX4 gene, resulting in a substitution of arginine192 by histidine (R192H) in the
DNA-binding domain (homeodomain) of the protein, had a higher allele frequency in the MODY patients than
in the normal controls (p<0.0001). To examine the transcriptional repressor activity of PAX4 R192H on human
insulin and glucagon promoters, a dual-luciferase reporter assay was performed in transiently transfected FTC3

and OTC1.9 cells.

Materials and Methods. A pcDNA3.1/HisB PAX4 R192H was generated by site-directed mutagenesis. The
wild-type PAX4 and PAX4 R192H plasmids were transiently transfected into BTC3 and aTC1.9 cells using the
FUGENE 6 transfection reagent (Roche) together with either pGL3-human insulin or pGL3-human glucagon
promoter, and pRL-SV40. After 24 hours, the transcriptional repressor activities of the wild-type and mutant
PAX4 were measured using Dual-Luciferase Reporter Assay System (Promega). The assay for each experiment
was performed three times to determine its average value (mean?SEM). The data were then analyzed using one-
way ANOVA followed by Bonferroni's post hoc test. P-values <0.05 were considered statistically significant.

Results: The normalized luciferase reporter activities of the wild-type PAX4 and PAX4 R192H on the human
insulin promoter in the PTC3 cells were 6.9420.33 and 8.49+0.42, respectively (P <0.05). Similarly, the
normalized luciferase activities of the wild-type PAX4 and PAX4 R192H on the human glucagon promoter in
the aTC1.9 cells were 0.70+0.04 and 1.3240.07, respectively (P <0.01).

Conclusion: Compared with the wild-type PAX4, PAX4 R192H, which was found to be associated with

MODY, had significantly decreased repressor activities on the human insulin and glucagon promoters and may
be involved in the pathogenesis of MODY in Thai patients.

Siriraj Med J, Volume 60, Suppl I, March 2008 98
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Introduction }

Maturity-onset diabetes of the young (MODY) is a
heterogeneous group of monogenic diabetes with
autosomal dominant inheritance and early onset
(age <25 years). In an attempt to identify the causative
genes of MODY in Thai patients by the candidate gene
approach, Siriraj Diabetes Research Group found that a
polymorphism (G>A) of PAX4 gene, resulting in a
substitution of arginine192 by histidine (R192H) in the
DNA-binding domain (homeodomain) of the protein, had
a higher allele frequency in the MODY patients than in
the normal controls (p<0.0001). Thus, the R192H
polymorphism may modify PAX4 repressor activity and
play role in pathogenesis of MODY.

[ Objective }

To examine the transcriptional repressor activity of PAX4
R192H on human insulin and glucagon promoters.

[ Materials and Methods }

&

PAX4 -
R192H

R
2. Transient - e [
transfection 24 hours i
‘ ‘ 3. Preparation
[ 2 . » mmmmmpp | of cell lysate
H \ /

BTC3 or aTC1.9 clIs

1. Construction of
PAX4 WT and R192H
plasmids

4. Luciferase reporter
assay by luminometer

5. Analysis of
repressor activity

Figure 1 The PAX4 wild-type (WT) and PAX4 R192H plasmids were

transiently transfected into BTC3 and oTC1.9 cells using
the FUGENE 6 together with either pGL3-human insulin or
pGL3-human glucagon promoter, and pRL-SV40. After 24
hours, the transcriptional repressor activities were
measured using Dual-Luciferase Reporter Assay System.

The experiment was performed three times to determine
its average value (meantSEM). The data were then
analyzed by wusing one-way ANOVA followed by
Bonferroni’'s post hoc test. P-values <0.05 were
considered to be significant.

[ Results }
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pRL-SV40 + + + +

Figure2 Normalized luciferase activity of Pax4 R192H
compared with Pax4 WT on human insulin promoter
in BTC3 cell.
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Figure 3  Normalized luciferase activity of Pax4 R192H
compared with Pax4 WT on human glucagon
promoter in aTC1.9 cell.
[ Conclusion }

Compared with PAX4 WT, PAX4 R192H which was found
to be associated with MODY had significantly decreased
repressor activities on the human insulin and glucagon
promoters, indicating that it may be involved in the
pathogenesis of MODY in Thai patients.
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Genetic Variability of Visceral Adipose Tissue-Derived Serpin
(vaspin) Gene Associated with Clinical Characteristics of Type
2 Diabetes in Thai Patients
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Objective: To investigate whether sequence variations of visceral adipose tissue-derived serpin (vaspin) gene
encoding an adipokine with insulin-sensitizing effects have impact on clinical characteristics of type 2 diabetes
in Thai patients

Materials and Methods: Type 2 diabetic patients (n=199) were recruited at the Diabetic Clinic, Siriraj
Hospital. Genomic DNA samples were extracted from peripheral blood mononuclear cells. Tag-single nucleotide
polymorphisms (TagSNPs) of vaspin were selected from international SNP databases (dbSNP and HapMap).
Genotyping was performed by mismatched PCR and restriction fragment length polymorphism (RFLP), followed
by direct sequencing. Statistic Package for Social Sciences (SPSS) program version 12.0 was used for analysis
of associations among tagSNPs and clinical characteristics of the patients.

Results: Patients who carried minor allele G of SNP rs6575439 (A>G) had significantly higher fasting blood
sugar (FBS) than patients who carried major allele A [p = 0.033, AA vs (AG+GG)]. Patients who carried minor
C allele of SNP rs4905211 (T>C) had significantly higher body mass index (BMI) but lower serum HDL-C
than patients who carried major T allele [p = 0.034, TT vs (TC+CC) and p = 0.032, TT & TC & CC,
respectively]. However, carriers of T allele were diagnosed with diabetes at an earlier age (p = 0.022, (TT+TC)
& CC). For SNP rs1012808 (T>C), patients who carried minor C allele had higher diastolic blood pressure than
those of who carried major T allele (p = 0.031, (TT+TC) & CC). Carriers of major G allele of SNP rs3736804
(G>T) had lower BMI and serum triglyceride level than those who carried minor T allele [p = 0.040, GG &
(GT+TT) and p = 0.022, GG & (GT+TT), respectively].

Conclusion: Genetic variability of vaspin seems to influence certain clinical characteristics of type 2 diabetes
in Thai patients. )
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INTRODUCTION

Vaspin is a novel adipokine recently identified in visceral fat of
humans and mice, belonging to the serine protease inhibitor
(serpine) superfamily with glucose-lowering and insulin-
sensitizing effects. Sequence variations of vaspin may affect
the risk of developing type 2 diabetes mellitus which is
characterized by chronic hyperglycemia and insulin resistance
and may influence certain clinical characteristics of the
disease in the patients.

OBJECTIVE

To investigate whether genetic variability of vaspin has any
effect on clinical characteristics of type 2 diabetes mellitus in
Thai patients.

MATERIALS AND METHODS

Type 2 diabetic patients (n=199) were recruited at the
Diabetic Clinic, Siriraj Hospital. Genomic DNA samples were
extracted from peripheral blood mononuclear cells. Tag-single
nucleotide polymorphisms (TagSNPs) of vaspin were selected
from international SNP databases (dbSNP and HapMap).
Genotyping was performed by mismatched PCR and
restriction fragment length polymorphism (RFLP), which was
onfirmed by direct sequencing. Statistic Package for Social
iences (SPSS) program version 12.0 was used for analysis
sociations among tagSNPs and the studied clinical
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RESULTS

The patients who carry minor allele G o
(A>G) had higher fasting plasma glucose
patients who carry major allele A [p = 0.033, AA
(Table1). Carriers of major G allele of SNP rs3736
had lower body mass index (BMI) and serum ftr
level than those who carry minor T allele [p = 0.040,
(GT+TT) and p = 0.022, GG & (GT+TT), respe:

(Table2)].
Table 1 Association of vaspin SNP rs6575439 (A>G) and

clinical characteristics of type 2 diabetes in Thai patients.
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Table 2 Association of vaspin SNP rs3736804 (G>T) and
clinical characteristics of type 2 diabetes in Thai patients.
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CONCLUSION

Genetic variability of vaspin seems to influence certain
clinical characteristics of type 2 diabetes in Thai patients.
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