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CHAPTER |

INTRODUCTION

Systemic lupus erythematosus (SLE) is an autoimmune disease that affects
multiple organs. SLE is more common i Afrigan-Americans, African-Caribbeans and

< =."."*;. 2] InaCghion, there are also differences in the
development of disease by Siflcity. A s dym et al indicated that Asian

patients with SLE have :
involvement (Mok CC &
autoantibodies directe

Scwerllyin of disease, especially renal
LE is the production of
eus such as anti-nuclear

antibodies and antibodies ta/t 'i/ £ r- . - . These autoantibodies

cause end-organ damag oy . . ‘ -' une complex, which result
in various clinical manifestatio Eﬁﬁf ' : phritis, arthritis, serositis, vasculitis
and neurological disorders (Ngugen : e etiopathogenesis of SLE remain
elusive. However, thara is clez ; _: compone to SLE susceptibility shown by

familial clustering (Vys4 TJ and Todd JA, 1996) and b ...r ies (Deapen D et al.,
1992).

Two basic stralsgies have been amplwed in hurrml SLE genetic studies:
linkage and as tibility loci in human

significant linkage: 1g22-

R ‘iﬁiﬂﬁﬁm&ﬂiﬁm

analysis and found to be associated with SLE. Nevertheless, many of the genes
associated with SLE have not been confirmed and remain controversial. Currently, with

whole-genome

the development of genotyping platforms that permit analysis of hundreds of thousands
of SNPs, it is possible to apply this principle of indirect association to the whole genome
rather than just candidate genes or candidate linkage regions. Four recent genome

wide association (GWA) studies in Caucasian patients with SLE from international



collaborations and only one study in Japanese patients have been reported (Harley JB
et al, 2008; Hom G et al., 2008; Kozyrev S et al., 2008, Musone SL et al., 2008, Oishi T et
al., 2008; Kamatani Y et al., 2008). Results from these studies confirmed known
candidate genes and also discovered several new candidate genes. However, these
are the studies restricted in Caucasian patients and only one study in Japanese
patients, the exploration of SLE susceptibility genes in our population is still required.

In this study, we applied cas-a-cnntrul association study including genome wide

In GWA, study, an appiz oh that batbrice Le efit of genome-wide screening and
the costs in genotyping Iw;;.
from Affymetrix (microarray-baseaGenaChipt
and validity of SNP allelic 66

ave applied the technology
lapping arrays) to assess the reliability
istermined from pooling

genomic DNA samples on 8NFE ing afrays a suggested that genotyping
of SNPs with DNA poa
and can be used for genbme
E et al., 2005; Craig DW el
Meaburn E et al., 2006).

wide association studies hayg; bee

0 aroduces highly accurate results
‘ her LM et al, 2004; Meaburn
2005; Kirov G et al., 2006;

A pooling technique for genome-

M et al, 2005; Johnson C et al.,
2006; Steer S et al., i Git ¥y &t ai., 20U0, *' the present study, we
aimed to search for SN

ﬁ S8 by genome-wide screening

using Affymetrix 50K Gen%phip on pooled genomil: DNA

For canﬁWWWWﬂiﬁTﬁﬁ (MNDA, IFIX, IFI16

and AIM2) mapsdb chromosome 1q21—23 which is rnajur SLE suscaptible loci was
P S ey ey o
supported this hypothesis. First, data from lupus murine model has identified IFN-
inducible protein 202 gene (ifi202) as a candidate for lupus susceptibility (Rozzo SJ et
al., 2001; Choubey D et al., 2002). This gene is homologous to human IFN-inducible
genes (MNDA, IFIX, IFI16 and AIM2) and located on chromosome 1 similar to human,
Second, IFI16 was identified as new autoantigen for patients with SLE, up to 29% of 374
SLE patients develop high titer autoantibodies to IFI16 protein (Seelig HP et al., 1994).
Later study has also found that 26% of patients with SLE exhibited significantly higher



anti-IF116 IgG antibody levels compared with control subjects. By immunohistochemical
analysis, IFI16 was highly expressed in epidermis and dermal inflammatory infiltrates of
skin lesions from patients with SLE (Mondini M et al., 2006). Lastly, a recent study of
gene expression profiles using microarray has found 2.4 fold up-regulated IFI16 in
leukocytes of patients with SLE as compared to healthy controls (Alcorta DA et al.,
2007). These evidences indicate that a group of IFN-inducible genes are likely to be
important factors contributing to SLE. Hence, we aimed to study the role of this gene
ymorphisms (SNPs) within MNDA,

group by searching functional single nugleo
IFIX, IFI16 and AIM2 involvinguia €

method for these four genes
Reaction-Restriction fragmgi
Reaction-Sequence Speciil

and/or severity. The genotyping
icted by Polymerase Chain

PC -RFLP] and Polymerase Chain
genetype and allele frequencies
were then compared betwéen pallants and co I' L ts by Chi-square test. The
SNPs that found to be assafiajéc
to further understand thé'rol -l 256,0P in LI udied the expression of
MNDA, IFIX, IFI16 and AIM2 e I atiglus celltypes (leukocytes, B lymphocytes,
T lymphocytes and renal bidpsy <668} i pal with SLE compared to healthy
controls. Real time reverse trans A POF R) was used to quantify the

expression of these § :’ J be limited to particular

'r’[
isoform. Therefore, ther8xpre: 0 dmuswas also semi-quantified
by conventional RT-PGR,

AU INENINYINT

We hypoihesized that new cand%date gana from genome wide association study
L
e R T TR e e
and AIM2) may play a role in pathogenesis of SLE from candidate gene association and
expression profile studies. Our research will provide a better understanding of the
disease mechanism and severity by studying the role of new candidate genes. These

might lead to the development of new therapeutic strategies and prevention in the
future.



CHAPTER I

OBJECTIVE

The objectives of this study were;

Part | Whole genome asgbeiatior

To search for S ‘. .-c lity by genome-wide
“\H
screening using Affymet / ru -; \\t\ ic DNA.
Part || Candidate gei f‘\

1. To search for fu .- 3MNPs ol &
. o

5 2L
disease susceptibility and/or savar
LY

2. To analyze the functighal jaig-ol SNE sciated with SLE.

\ i and AIMZ2 genes involving in

Part Il Expression profile st ,.'—__
To study the }"‘1 —::; 2 genes from various cell

types (leukocytes, B | ! hucyte-s T lymphocytes and re

“*“‘SLE“’“W’EﬁWme NS
ammnim URIANYIAY

al biopsy tissue) in patients



CHAPTER IlI

LITERATURE REVIEW

Systemic Lupus Erythematosus (SLE)

SLE is an autoimmune diseasa that affects multiple organs, including the skin,

¥Stem. The hallmark of SLE is the
production of autoantibodigs dirétted ag; ms of the cell nucleus such as
anti-nuclear antibodies & DNA (ds-DNA). These

autoantibodies cause - ‘// e \‘\\\

complex, which result If vag /

gsponse to immune
55 as glomerulonephritis,
arthritis, serositis, l S -*?'rﬁ \Q\\ yen C et al, 2002). The

diagnosis of SLE is basedorghalAmenican: w\ gumatology (ACR) diagnostic
2 ) EM et al., 1982) and updated

the criteria are present at any

criteria for classification o

time during the course of diseas; &, 2 giagnosi can be made.

.~ -

TRTREETI—— LY
Table 1 Criteria for ‘(Z"’ . ‘

Criteria ;W Definition

Malar rash sparing nasolabial folds

so— ﬂﬂﬂ?%&ﬁﬁ*ﬁmﬂ-mmmm

Skin m‘mwum history or physical exam

m:@Wqﬂﬂﬂf ”
Pleuritis or péicarditis

MMWWWMIMWE@GNMWW

Renal disorder >{.5g protein/d or 3+ or cellular casts

Seizures, psychosis Not due to drugs, melabolic derangement, elc.

Hematologic disorder Hemolytic anemiafeukopenia (<4000) or lymphopenia (<1500
twice) or thrombocytopenia {<100,000) without other causes

Immunologic disorder Anti-dsDNA, anti-Sm, antiphospholipid antibodies,
(anticardiolipin, lupus anticoagulant or false/pos test for syphilis)

Positive ANA Not drug-induced

ECG, slectrocardiogram; ANA, antinuclear antibody.



Epidemiology of SLE

Systemic lupus erythematosus (SLE) is now recognized as a common disease
occurring worldwide, and the usual onset occurs between 15 and 45 years of age
(Trethewey P, 2004). SLE is more prevalent in female (female:male ratio ~ 8:1). The
prevalence of SLE in the general population is approximately 1 in 2000 but it varies
among ethnic groups (Tsao BP, 2003). is more common in African-Americans,

African-Caribbeans and Asians, than in Calicas! (Petri M, 2002). The prevalence of

SLE among Northern Europgan$is.ag _ ses per 100,000 persons, while

alence,

5

ihi.cale of more than 200 cases per

100,000 persons (Johnsgaa® gtk 1955 ~. ere was no official report on

1
X

the incidence or preval :,{[. \\ gen reported in Hong Kong,
with the estimated point pfevalenes s' ifs 00,000 population (rates for
men and women are 11.7 ghsgé gerg 4-.5;"-'.':4 \‘\‘ 104 cases per 100,000

persons, respectively) (Mol €C @nd{ ~-.: 0 n&ddition, the outcome of SLE

‘!11;1 i

may also differ among racial/gthnicafalips « CC and coworker have been reported
that Chinese patients with SLE ir:I 1 -. WE more serious organ manifestations
than Caucasians, especially fenal di ase. T
in Chinese patients aptf31-38% in C ian | Bk GC and Lau CS, 2003;
Cervera R et al., 1993; &r Ae ara manﬁatatinn has been reported in
Thai patients with SLE witly higher frequency than Chinese patients with SLE, with the
oo e b oA RAYY BIVEHT) o). rsmomon
another manlfeatﬂiun such as neuropsychiatry wasglsn found with Eigher frequency in
s sl T S e 4 ) ) . o
these datd, it can help indicated that Asian patients with SLE, particularly Thai have
more severity in the progression of disease. In the past 45 years, the 5-year survival has

improved from 50% to 88-96% of patients with SLE. Furthermore, 77-85% of patients

of renal disease were 50%

survive for 10 years and 20-year survival approaches 70% (Bongu A et al., 2002).
Although mortality has hugely improved, death rate for patients with SLE remain 3.2
times greater than those in the general population (Feng PH, 2007).



Etiology

Although the precise etiopathogenesis of SLE remains elusive, both genetic and
environmental factors are probably implicated.

1. Environmental Factors
Environmental triggers have been,re,
SLE comprising drugs, chemicals, itraviclet Lot dietary factors, viruses, and
environmental estrogen (
Certain medications sué

ported as a risk factor in the development of

ydralazine and quinidine could

induce a lupus-like syndig , 2007).

Use of permanej
associated with the deve
2001). However, this has o , Eonfirmec

mines has also been

et al,, 1989; Cooper GS et al.,

trol or cohort studies (Petri M

and Allbritton J, 1992; San
Ultraviolet (UV) light, g >ricial trigger in patients with SLE.

This light could induce apoptosis;+

2007).

ation and tissue damage (Bijl M et al.,

galsiof SLE. The consumption
sBion nn@ to the development of

Dietary factofs 4
of alfalfa sprouts that cglaln cane
lupus-like symptoms (Prete RE, 1985).

B EHETEAL T T A Eat- S—

of SLE (James Ja]et al., 1997; HarleyJB and James JA, 1999). E BY, may induce

o A AR B b oo

Also, exposure to environmental estrogens through the ingestion of meat and
milk products, postmenopausal estrogen and oral contraceptives may be important
triggers for SLE (D'Cruz D, 2000; Mok CC and Lau CS, 2003).



2. Genetic Factors
There is clearly a genetic component to SLE susceptibility shown by familial
clustering and twin's studies. The degree of familial clustering was measured by
comparing the risk of a sibling with the risk in the population as a whole (As), varies
between 20 and 40 (Nath SK et al., 2004; Alarcon-Segovia D et al., 2005). In other
words, the siblings of SLE patient are 20-40 times more likely to develop SLE than those
who do not have an affected sibling. The evidence in twins study is higher concordance

rates in monozygotic twins ranging Det vEe nd 58%, while the concordance rate
Deapen D ¢ 4WungMandeanBP 2006).

Such 10-fold difference suggests that multiple gen: ared between each pair of twins

Two basic strategiesihaye employed in F man SLE genetic studies:

: J, 1994). In addition, a useful
alternative strategy is defining thé gene in mouse models (Kono DH and
Theofilopoulos AN, 2606). =

;=

F <

1. Human linknggana ysis m

The linkage study js used to seek for gorsegregation of a particular genetic

marker with dlsﬂ H@II% %ﬁﬁ%ﬂlm rﬂ'@s themselves are not
usually funchunaﬂmt are linked to disgase causing Enants acl:urdl@ to possibility that
oA R PSR s o
cuns&stanllinkaga of a marker with disease in several affected families therefore
identifies a susceptibility region in the genome (Rhodes B and Vyse T J, 2007).
However, linkage signals detected in complex diseases may result from the combined

effect of a cluster of genes of modest effects. False positive results can occurred due to
multiple testing since numerous numbers of genetic markers are assayed in a genome
scan. Hence, Lander and Kruglyak proposed thresholds for significant linkage (ie, a
genome-wide significance of P < 0.05 corresponds to a logarithm of odds score of 3.3



or 3.6, depending on the linkage method used) and suggestive linkage (a logarithm of
odds score of 1.9 or 2.2) (Lander E and Kruglyak L, 1995). Only loci with highly
significant threshold that can be confirmed by independent studies are believed to be
true positive results. There are seven loci have reached the threshold for significant
linkage to SLE (Table 2) (Kelly JA et al., 2002) and all loci (except 17p13) have been
confirmed in at least one independent cohort for linkage to SLE (Nath SK et al., 2004)

Table 2 Established linkages (LOD 2 3.8 ', sternic Lupus Erythematosus

Chromosome ocation: ‘-1.‘“:3_\"*" ’f"',' LoD loch

e
-

1q RUA™ 4.30 OMRF1B

-
1

. " ﬂ t\{‘ii 3.30 Rkn
2 4.24 UPP 1
4 ‘” 3.62 OMRF1B
p 6021 ll j u:’m\ 4.19 UMN1 & 2
16 Sard f].% Digsars 385 | UMN1&2
= Ligi7otda 75496 | 364 OMRF1IC

UMN = A study condur
OMRF = A study cundl.ged 856 a@t Foundation
USC = A study conductedrat.University of Soythern California

UPP = Astudyﬁ’l%tg ’}wrﬂ'ww EI f]ﬂ‘j
2 Q‘Wﬂ‘ﬁ’&ﬂﬁ‘ﬂi URIANYIAY

A'tlassical association (or candidate gene) study is the assessment of alleles or
haplotypes, or any DNA polymorphisms within gene of interest in the difference of
frequencies between affected patients and appropriate controls. A polymorphism
observed with greater than expected frequency in affected individuals either suggests
that the polymorphism being measured is the actual disease causing allele, or one
located very closely to the responsible gene. Several candidate genes within
confirmed susceptibility loci have been studied and found to be associated with SLE
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(Table 3). In addition, there are other SLE associated genes but not confirmed in the
SLE-linked region as shown in Table 4. Mostly, they are the genes involving in
apoptosis such as FAS, FASL, BCL2 and PDCD-1, the genes that play an important role
in the regulation of immune system including HLA, CTLA-4, TNF, TNFSF4, IL-10, STAT4
and PTPN22; the genes that implicate in clearance of immune complex such as FcG
Receptor, C4, MBL and CRP. Since the breakthrough discovery of the central role of
type | interferon in SLE pathogenesis from expression microarray, candidated genes

within type | interferon (IFN) pat proved to be significantly associated
with SLE risk such as TYK2 a of the genes implicated in SLE
have not been confirmed w

Even if genome-widadifkafie analysis using microsatellite markers has been

successful in the identificalion of plimerous plax.d e loci, high-density single-
nucleotide polymorphism (ENBJ iEps canprovide mfonnahun (Dunn G et al.,

2005). In addition, moSt styflies i candidate @ene appr using a few single

nucleotide polymorphisms (SNREE} hal ) 8 e whole gene or relevant
haplotype block. With the'tiee! of | enotyping platforms that permit analysis of
hundreds of thousands of SNPs{ S : to apply this principle of indirect

s T TR -
association to the whole gmﬁﬂﬁjg hanjus ididate genes or candidate linkage

——

regions. Recently, tf V = vithe assuuiation (G ‘:i" in Caucasian patients
[

with SLE from lntemahﬂl . ' D0 LI d (Harley JB et al, 2008;
Geoffrey Hom et al., 2008; Kozyrev Setal, ZDUB) Results from these studies confirm

known candldﬁﬁﬂcﬁﬂﬁw ﬁﬂ wmﬂ?u IRF5. Moreover,

several new canflidate genes have baen discuvered as summanzed in Table 5. For
insta role of B cell in
MR TN FH Ges
path::'ﬂs!s of SLE. Anaﬁar novel gene m ITGAM was also Ed;Enltiﬂed which is
an adhesion molecule that regulates leukocyte adhesion to endothelial cells and may
contribute to vasculitis in patients with SLE. From these reports of international
collaborations found that odd ratios (OR) were rather low ranged between 1.25 and
2.36. Newly, a genome-wide association study has found the association of three
independent SNPs in the TNFAIP3 region with SLE (OR=1.3-2) (Musone SL et al., 2008).
This data highlight the inflammatory role of TNF pathway in the pathogenesis of SLE.
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Furthermore, a recent genome wide association (GWA) study in Asian population
demonstrated the important role of /[TPR3 (OR=3.39) (Oish T et al., 2008) and TNXB
(Kamatani Y et al., 2008) on chromosome 6p21 to be candidate gene susceptible to SLE
in the Japanese population. Nevertheless, these are the studies restricted in Caucasian
patients and only one study in Japanese, the exploration of SLE susceptibility genes in
our population is still required.

In GWA study, to balance benefit of genome-wide screening and the costs in
genotyping, DNA pooling approach has b -‘ groposed (Sham P et al., 2002). Several
groups have applied the techinal ._;::\} Af ,.-/ elicroarray-based GeneChip®

_J_
flity 3hc walelic frequency
in amples on SNP mapping
‘Q\\\\‘

Mapping arrays) to assess

measurements as determing

arrays. They have suggesit s\ DNA pooling using
Affymetrix microarrays proglicgs Righty aceural \ nd can be used for genome-
wide association studiés (EdtciierLi ef a) 2004; Maat \ et al., 2005; Craig DW et
al., 2005; Simpson CL efal. @ é OV 3l 42006, Meaburn E et al., 2006). Several
applications of DNA pooling tae! 2 association studies have been
reported (Butcher LM et al, 2005:26frson G ekl 2006; Steer S et al., 2007;

Jongjaroenprasert W et al., 20 08y Meve ihe augh several studies have been
completed, the pool ;-"""‘“"“‘-*'"“"""‘“"“'ﬁﬁ;‘ h as reduced power,
loss of individual geno 7 Ing ﬂ.limular representation of

samples (McCarthy Mi et EI 2008).

ﬂﬁﬁl?ﬂﬂﬂﬁﬂﬂﬂﬂ‘i
Q‘W’W&Nﬂﬁﬁu AN Y
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Table 3 Candidate genes within confirmed susceptibility regions associated with SLE

Gene Location | Associated allele Statistical significance” References
FcGR2A 1923 R131 1.30 (1.1-1.52), p=0.0016 Karassa FB et al., 2002
2.6 (1.3-5.2), p=0.002 Lee HS et al., 2003
2.01 (1.28-3.14), p=001 Hirankam N et al., 2006
FCGR3A 123 F176 %2=9.87, p<0.01 Wu J et al., 1997
1.2 (1.06-1.36), p=0.006 Karassa FB et al., 2003
CRP 1923 CRP4A %2=3.81, p=0.05 Russell Al et al., 2004
{37382, p=0.05 Russell Al et al., 2004
FASL 1923 Wu J et al., 2003
Chen JY et al., 2005
PDCD-1 2937 Prokunina L et al., 2002
Velazquez-Cruz R et al., 2007
HLADR2, 6p21 Hartung K et al., 1982
DR3 Castafo-Rodriguez N,2008
TNFa 6p21 van der Linden MW el al., 2001
Zofiga J et al., 2001
Parks CG et al, 2004
Correa PA et al., 2005
Correa PA el al., 2005
Hirankan N et al., 2007
TNFb 6p21 Kim TG et al., 1996
Takeuchi F et al., 2005
Hartung K et al., 1992
* Odd ratio {Dﬂﬁiww wm ﬂ)ﬁavailahle or x2 with p
value.

’QW?&NﬂiﬂJ UANINYAY



Table 4 Other candidate genes associated with SLE

13

Gene Location Associated allele Statistical significance” References
TNFSF4 1925.1 rs 10912580 (G) %2=3.86, p=0.05 Graham DS et al., 2008
rsB44644 (A) %2=159, p=6.8 x 10”
82205960 (T) A2=7.38, p=7 x 10°
rs1234317 (T) 322444, p=0.04
IL10 1g31-32 -1082A, -819T and -592A | OR=1.9, p=0.02 Rood MJ et al., 1999
haplotype
: %2=5.85, p<0.05 Khoa PD et al., 2005
| | P<0.05 Gibson AW et al., 2001
47(1.02-2.12),p=0.03 Hirankam N et al,, 2006
PTPNZ2 1p13 3-1.75), p <0.00001 | Lee YH etal., 2007
STAT4 2q32 _‘gﬂ;ﬁ‘ ::\}\ 1 1.5500,34.1.79), p=187x10" | Remmers EF et al., 2007
CTLA4 2q33 / ;ﬁk\'\\ﬁ‘* 2:2.4), p=0.003 Ahmed S et al., 2001
/ \ix .41: p=0.002 Lee YH et al., 2005
IRF5 7932 Graham RR et al., 2006
7,p=5.12x 10" Kozyrev SV et al., 2007
MBL 10q11.2-g21 "k (1.221-1.608), p=0.001 | Lee YH et al., 2005
FAS 10g24 . p= 0. Horiuchi T at al., 1999
Kanemitsu S et al., 2002
Bcl-2 18q21 Mehrian R et al., 1998
VK2 19p13.2 o , Sigurdsson S el al., 2005
ol

ﬂ‘lJEl’J“lelﬁWEl']ﬂ‘i

ammmm UANINYAY
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Table 5 SLE susceptibility genes identified from genome wide association studies

Gene Locus SNP P value OR Potential function
PTPNZ2" 1p13.2 rs2476601 0.0000052 | 1.53 | Inhibition of lymphocyle activation
FCGR2A " 1923 rs1801274 6.7BE-07 0.74 | Clearance of immune complexes
STAT4" 2q32.3 rs7574865 8E-14 Modulation of the production of cytokines
in T cells and natural killer cells;
activation of response of macrophages to interferon-(L
Py 3p14.3 rs6445075 7.1E-08 1.25 | Unknown effect of serine-threonine kinase
BANK1 © 4924 rs10516487 B-cell adaptor protein
6p21.32-
HLA ™" 33 Presentation of antigen
PR3 " 6p21.31 Jﬂ /ﬂﬁ'ﬁ;kﬁh» 1.4,5-triphosphate receptor type 3 (ITPR3);
//&k\\& a crucial role in the regulation of apoptosis
g in T lymphocytes
moa” | esersa | o] | odicaies |\ o o
0348 JI “0.09090d838" | 811, ["raguiator of collagen deposition by dermal fioroblasts
TNESAIPE' 6q23.3 *"ﬁ' 'M‘\‘* s a ubiquilin editing enzyme, A20, that restricts
NF-/B dent signaling and prevents inflammation
IRF5 ** 7q32.1 Production of interferon-Ct
cBorf13-8LK" | B8p23.1 (cBorf13)-Activation of B cells (BLK)
rs 113 | 0.0000000§ ,| 139
e e
LR "I protiuttion of type 1 interferon
ITGAM-TGAX" | 16p112 | rs9937837 !uluu?ul:r 128, Adnesion of leuklicites to endothelial cells
7 7 7 1'3H ..v AN H F
mGaM® § | 16p112 | rs0888739 161623 | 1.62 | Adhesion of leukacytes to endothelial cells
rs1143678 8.50E-14 14
rs4548803 2.36E-12 1.34
rs1143679 1.70E-17 1.78

* Harley JB et al, 2008, ° Geoffrey Hom et al., 2008, ° Kozyrev S et al., 2008, ° Oishi T et al., 2008,

* Kamatani Y et al., 2008 and ' Musone SL et al,, 2008
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3. Genetic studies in mouse models

The studies in mouse models have been used to further understanding of lupus.
There are two mouse models of lupus comprising synthetic and spontaneous mouse
models (Table 6 and 7) (Nguyen C et al., 2002). The synthetic ones consist of both
transgenic and knock out mouse model of various apoptosis genes implicated in SLE
pathogenesis. For example, Fas, FasL and Bcl2 were silenced or overexpressed,
resulting in the deregulation of apoptosis (Watanabe-Fukunaga R et al., 1992; Takahashi
T et al., 1994; Strasser A et al., 1991). i additign to synthetic mouse models, there are

also classic spontaneous NZW)F1 (or NZB/W) mouse and
the congenic recombinan wts cross, the MRUIpr mouse,

and the BXSB/yaa mouse. TheEaelning ware subjeeted to linkage analysis in order to
pinpoint the chromosoma
loci have been localized. 36
shown in Table 8. (NgUye

useeptibility. So far, more than 50

ngsomes 1, 4, 7 and 17 were
N

H'g hﬂlupoulns AN, 20086).

Results from mouse mode el genes responsible for human
SLE.

Table 6 Synthetic murine ST

Model -2 ! Afectedfunction -

Fas, FasL, Bcl2 a _ A

Sap,C1q.C4,DNAse  +J | Clearance of antige m@m&mmw

Ctia-4, p21,PD-1, Lyn, Fyn ¢ 4= Activation and fegulation of T cells

FCYRIIl, ICAM-1 Proinfigmmatory medﬂiams o/
BL‘yS. | : B 10 i _". Als A €
I'I'IDIECUIBA ?
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Table 7 Spontaneous murine models of lupus

Model Properties

(NZB x NZW)F1, NZM2410, Develops antinuclear autoantibodies and glomerulonephritis that

(SWR = NZB)F1 resembles human lupus; exhibits a complex inheritance

MRLU/pr, MRL/gld Contains a single-gene mutation (Fas or Fas ligand) that leads to
autoimmunity when expressed in MRL background

BXSBl/yaa Contains the Y-linked autoimmune accelerator gene that causes

a more Severs disease in BXSB males

Table 8 Loci confirmed in

Referance

Morel L et al., 2001;
Boackie SA et al., 2001;
Wandsiral AE el al., 2004

\\\
FCgnz1 1 ﬁﬁ?’ﬁi{?\ Waters ST et al, 2004
Wb

. 1 inuciady A, GN' Bygrave AE et al., 2004
Nba2 1 e i peractivly. autoAb Atencio S et al., 2004;
Wither JE et al., 2003
Bxs1-4" 1 Haywood ME et al., 2004;
3 Haywood ME et al., 2006
Sle2 4 M 10 (NZW, N2B) | B ncg 81 Xu Z et al., 2005
Adnz1 4 e £ Waters ST et al., 2004
Lbw2 4 umwmﬁ Haraldsson MK et al.,
fn s 2005
Sle¥/Sle5 ’ Sobel ES et al., 2002;
Zhu J et al., 2005

i e e T

Sles1 q 17 NZW Suppression of lupus-like Subramanian 5 el al.,

diseasa 2005

* Four different congenic strains with chromosome 1 intervals containing one or more of

thie four Bxs loci;
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Interferon-inducible p200 (IFI200) family

IF1200 family genes

The IFI200 gene cluster is located on mouse and human chromosome 1921-23
(Figure 1). The murine IF1200 family includes IFI202 to IFI210, while human members
comprise MNDA (Myeloid Nuclear Differentiation Antigen) (Briggs JA et al., 1992), IFIX
(IFN-inducible protein X) (Ding Y et al., 2004), IF/16 (Interferon-Inducible protein 16)
(Trapani JA et al., 1992), and Al ~ sent |d Melanoma 2) (DeYoung KL et al., 1997).

I,
f"
N

l/h';!;@ l\\

'“.,i‘t_ Mouse Chromosome 1

- C romosome 1

=7

Figum1ﬂmmhhﬂbﬁﬂmole12ﬂﬂ-hmﬂym%hoyDﬂtal 2008)

ﬂ'lJEl’J“ﬂWlﬁWEl']ﬂ‘i
ammmm NN Y
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Human IFI200 genes and transcripts (MNDA, IFIX, IFI16 and AIM2)

MNDA

MNDA resides on chromosome 1g23.1. This gene consists of 7 exons and 6
introns spanning at least 18 kilobases (kb) of DNA. The 1.8 kb mRNA encode a protein
of 408 amino acid (Briggs RC et al., 1994). Structure of MNDA gene was shown in
Figure 2.

'“mm;ﬂ' e _, e

-..i.__

4;;4&-..-.- [ SO -

r’ L § \ ] T 0 1

2 St ctuf® o
i
(http://sr l . Org/0iofs --\a‘ lutga574229)

St i

IFIX LTRIA
e
IFIX is a new|mikr !

pichromosome 1g23.1. The

Bdoroximately 45 kb of DNA.

gene contains 9 exo Y

There are at least six | ' Isnfnrms including IFIXCL1, OL2, ‘[ 1, BE Y1, and

Y2 encoded by, W encode each
protein as mwym 3 aa ﬁ aa).’J 52 aa, 'f1 246 aa, and 2,
237 EW m E mmjavrgr glns a2, B2,
and Y2 (Rigure 3a and he C-termin and ¥ isoforms are diverse due to

alternative splicing (Figure 3c and d).
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IFI16

IFI16 gene ma sEome 1a; -",. t contains 11 exons and 10 introns
spanning at least 45 kb A e 14 ° S lude exon 7a arisen from tandem
duplication of exon 7. Thi i noghr togncode 2 jsoforms including IFI16A, B
and C via alternative splici AN NA (~2.7 kb) encodes an open

—— —

reading frame of 2355 bp and'ge erale orm of 785 amino acids. The
second isoform IFI16B arise a (168 bp) to encode a protein of
729 amino acids. The & “|116C isofor 2€ deleted both exon 7 and

A4l

ences of IFI16A, -B, and -C
I

splice variants and ma e different IFI16 mRI BAve e shown in Figure 4A

“““““"““Wﬁgﬁﬂmwmm
ARIAN TN INYAE

exon 7a to encode 67 .'r.;
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A
B
Figure 4 Nucleotide sequengés pf IE 5 _‘ -C splice variants (A) and schematic
representation of the three different iFi16 mf soforms (B)
AIM2 )
AIM2 also mapgn chromosome 19231 1t has ﬁanna and 5 interventing

introns. The length of DNA is,approximately #44'kb and mRNA ~1.4 kb encodes a

ot ot 34 o el Bkl iebiANE oHe s ¥k v s

i;;rigirzlﬁlé—
.:
Contirg Bacpmrcn ofw § TR 100 19720 1) I e EnPa B Urrsiicates BMPY
Figure 5 Structure of AIM2 gene

(http:/fsnpper.chip.org/bio/snpplet/1727/ihid583464)
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Protein structure of IFI200 family

A structural motif found in all members (except p208 and IFIXY) of mouse and
human is a 200-amino-acid domain present either one or two copies. There are two
adjacent 200-amino-acid domains (A and B) in p202 and p204, whereas the two copies
of IFI16 are separated by one, two, or three copies of a highly conserved 56-amino-acid
S/T/P-rich spacer region. The size of the spacer region is regulated by alternate mRNA
A, IFI16B and IFI16C (Johnstone RW

splicing which result in three isotypia !

RN

et al., 1998). On the contrary, M-2, p203, p205, p2086, p207,

p209 and p210 contain o . Within this domain contains
the conserved MFHATVAT aaa e LXCXE 1\\\ ding motifs, which could mediate
protein—protein interactiong 998; Che 1D and Lengyel P, 1995). The

200-amino-acid domain c3 beclasses A, B and C based

on a broader range of Motif; w LEA 8t al, 2 sequence identity between
200-amino-acid domaingfe nal o 88%. Nevertheless, the

identity of amino acid is Bers of the same subclass than
between members of differe 5B). In addition to 200-amino-acid
p202 have PAAD/DAPIN/Pyrin

domain. This domairy wﬂm Ived in apoptotic (NF-KB)

domains, the N-terminus of a

and inflammatory (Cas igr ced JC et al., 2003). Sequence
alignment of the PAADIDAFINnynn domains in IFIEIJO proteins show that they could be
sub-divided as ﬁﬁWWWIﬁ@ﬂ;ﬁm AIM2 proteins are
quite different frofi other IFI200 protama The amino-acid identity of this domain among
IFI1200 i '.n 'lh' h subclass is
approximétely 40%-100% (Figure 6A). Schematic structural representation of IFI200
proteins was shown in Figure 7A and 7B.
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A HUMAN
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.

Figure 7 The structure of human (A) and murine (B) IFI200 proteins (Ludlow LEA et al.,
2005)



Cellular localization IFI200 proteins

IFI200 proteins, for instance, p203, p204, p205, MNDA, IFIX and IFl 16 have
been found to localize normally in the nucleus (Asefa B et al., 2003; Choubey D et al.,
1992; Dermott JM et al., 2004, Duhl DM et al., 1989; Ding Y et al., 2004; Dawson MJ et
al., 1995). Since they contain nuclear localization signal (NLS) to enhance nuclear
import via facilitating binding to nuclear components, while p202 and AIM2 proteins do
.\\ ing Y et al., 2004). Consistent with
the lack of NLS, p202 was p .: m but translocate to the nucleus

not present this motif [Jehnetene

after interferon treatment (CROUESYD et gl., 2003, AIM2 was also found in the

cytoplasm of murine AKR-2B8"€clis | B bal.,2000), but the latter study has

\\\\\ resswel et al, f
\ s ( | KS et al., 2005)

. nd the deficiency of NLS and

demonstrated localizatiog

Furthermore, the newly ; , B “

commonly localized in i - \\ he irst IF1200 member identified
m -i
that is exclusively expreSseq u S 'Iiii et al., 2008).

J.r;:
"m.ﬂ ..-I,qll l._

Expression of IFI200 fam y e

IFI200 transcripts 2 ted in both hematopoietic and

non-hematopoietic -7@; 5{Table ) }ta::- ressed in ovary, thymus,
spleen and liver {Wengﬁ etal, . klﬁey lung and testis (Wang H
et al., 1999, Choubey D e;‘al 2000). In eddiw splenic cell subsets (T, B and non-

o ot 4 e R AR A corosio

control mice {Reﬂe SJ etal., 2001). 92{13 is eenetitul:iﬂurely.ar expressed in some myeloid
e LR R o]

heml:tﬂetm :jue eﬂliwr (Gribaudo G et al., m;siztﬂng Y etq.k 2008). p204
and p205 are predominantly expressed in myeloid cells, particularly in monocytes or
macrophages and granulocytes (Gariglio M et al., 1998; Weiler SR et al., 1999). High
level of p204 expression was detected in heart and it can also be detected in skeletal
muscle and kidney (Liu C et al., 2000). In contrast, p205 is low expressed in heart and
skeletal muscle, but moderately in lung (Weiler SR et al., 1999). The mRNA of newly
murine IFI206 was detected only in the spleen and lung of BALB/c and C57BL/6 mice
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(Ludlow LE et al., 2008). In human IFI200, MNDA has only been detected in the
hematopoietic origin including mature granulocytes, monocytes, activated macrophages
and B cell from chronic lymphocytic leukemia (CLL) patients (Miranda RN et al., 1999;
Dawson MJ et al., 1998; Joshi AD et al., 2007). IFIXOL expression is restricted to
secondary lymphoid organs including spleen, lymph node, and peripheral blood
leukocyte. In non-hematopoietic tissues, IFIX0OL mRNA was not found in adult brain,

Il intestine, placenta, and lung; however it
In mnh'ast to MNDA, IFI16 is

aly expressed. IF116 mRNA
could be highly found in small laie ary, [ and testis, modest levels in

heart, skeletal muscle, colon, kidney, |

could be detected in breast tissue \
not restricted to hematopoieticorigin
pancreas, liver, brain anclli enta, colon, kidney and
skeletal muscle. For herg A was abundant in spleen,
thymus, peripheral blood or'gells, mature lymphocytes and

, ".\u cytes and megakaryocytes (Wei Wu

K t dy of IFI16 protein expression

monocytes, but is absent fj
et al., 2003; Dawson MJ et 2
using anti-IFI116 monoclonal aglibodyHias sk
of lymphocytes in the spleen, t JEEED
epithelial cells in these ti
skin, gastrointestinal ifagk
was not in heart and b. In ade
vascular endothelial cells ffom blood and lymph,vessels (Mondini M et al., 2006; Wei Wu

et al., 2003; Gaﬂlouﬁl’atﬂ{l Wﬁ.ﬂwﬁﬂﬂ@m AIM2 was

detected in bnth%gins including spleen, peﬂpheral blood Ieukncyt small intestine

AR T Nﬂ’]’lﬂmﬁﬂ

2t IFI16 was detected in the nuclei
& and palatine tonsil and also found in
tlﬁf:‘ ed in Eplthﬂlla‘ cells of the

:.;; ts of breast tissue, but

5, I@IE expression is also seen in
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Table 9 The expression of IFI200 transcripts and/or proteins

IFI1200 Hematopoietic origin non-hematopoietic origin
IFI202 spleen, thymus, splenic B, Tand | ovary, liver, heart, brain, kidney,
non-T/non-B cells lung, testis
IFI203 spleen, thymus, bone marrow liver
IFI204 spleen, thymus, bone marrow, heart, skeletal muscle, kidney
lymph nodes, myeloid cells
IFI205 sart, skeletal muscle, lung
(granulogues Jl&\\dxﬂ"""‘m
IF206 | spleen 17//&!\\\\\
MNDA s -menocytes
IFIX
IFI16 Famedd ftestine, ovary, prostate,

h

pmgeugnr cells, mature

NN N YA T

Tesl f: pancreas, liver, brain,
heart, lung, placenta, colon,

vascular endnthalial cells

G 17 ﬂ«@ﬁﬁmfmwﬂ%ﬁﬁs
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Biological functions of IFI200 family

Role of IFI200 family in cell differentiation

Several studies have reported that the IFI1200 family proteins play an important
role in the differentiation of certain cell types. For example, p202 hugely increased
during the differentiation of cultured C2C12 myoblasts to myotubes together with
decreasing of MyoD expression. Such decfegsing is the consequence of inhibition of its

W/

sequence-specific binding to lu'«;‘;\ 202 (Latla’B et al., 1998). Moreover, another

—
family member, p204 enabigs tie Cifferes 'omoming the inhibition of the
Jenic b région helix-

loop-helix (bHLH) transCriplien [aCiés by | \ NS ,and Id3 (LiuCetal,
2002). In addition, p204 1irad for the ¢ \ iation of murine P19 embryonal

g B et al., 2006). In contrast
to murine IFI200, huma 3'has been replrted that it was not essential for
differentiation of medullaryfhy® noma gel (o by leukemia inhibitor factor

The role of IFI200 famity in cell survi

D\rﬂr—expressmmf IFI200 proteins in various caﬂm known to decrease cell
proliferation an m nsition (Lembo D et
al., 1995, Yan H‘:ﬁ m?ﬁﬂjﬁf l., 2004, Ding Y et
al., 2004; ella R et al. maj ndicate thiat these proteins
inhibit Rﬁ ﬁmﬁ)‘ﬂJ lllﬁ]ﬁ ﬁ . Forinstance,

IFI6 axpremmn inhibited cell cycle progression of primary human umbilical vein
embryo cells (HUVECs) accompanied with up-regulation of p53, p21, and pRb, but not
in HPV16 E6/ET-immortalized HUVECs (Raffaella R et al., 2004). Furthermore,

knockdown of IFI16 protein in medullary thyroid carcinoma cell line resulted in up-
regulation of E2F1, cyclin D1, and down-regulation of p21mand abrogated cell cycle
arrest (Kim EJ et al., 2005). In contrast, one study indicated that IFI16 is negative



28

regulator of p53 and p21 *"*"". siRNA-mediated IFI16 knockdown in osteosarcoma
cell line activated a G1-S checkpoint which accompanied with increasing of p53,
p21"*"“*' and decreased pRb phosphorylation. Moreover, IF116 inhibited p53-
mediated activation of the p21™ """ promoter (Kwak JC et al., 2003). However, a
consistent study has reported that p202 could indirectly interact with p53 through
human p53-binding protein1 (53BP1) and overcome growth inhibitory activity of p202 in
yeast (Datta B et al., 1996). On the other hand, p202 is a growth inhibitor in prostate

cancer cells and also retard proliferal
WAFTICIP11 . ‘“\,‘ i .
increased p21 (Yan DHet al, 1999, GLiLman JU et al., 1999). The reasons for

these incongruous results 2F& Sl Uficleal Anw IFI200 member, p204 has
been reported that its growdisifty N murine ‘ yonic fibroblasts requires

:‘{“ f / 2B fibroblasts accompanied with an

retinoblastoma protein (pGB) (LI

Recently, a new hufaglFI2 00 memb B FiX has been discovered by using the
p202a amino-acid sequeng Jet: \ ses. The expression of IFIX
was associated with grow g ._ .\ icity, and ;:IE’*1':“‘1 upregulation
in breast cancer (Ding Y ef'al f2004), Cons A IFIX, over-expression of AIM2
retards proliferation of muring A f_{ brob and increases the susceptibility to cell
death under reduced serum.cenditiofs (Cho at.al., 2000). Nevertheless, the
mechanisms of AIM ;{“‘m: dical functions of certain

‘c oycl Figureﬂ.
AULINENINYINg
RINNTUUNININY

IFI200 family members
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IF1 16
Cyclin IFIX IF1 16
p202 /Calk
b l'_ PaIa— o
p202 pRb 4+—— i
Fiel | l

L pragress

K/{ n{LudlquEAatal 2005)

Figure 8 The functions of IE

The role of IFI200 family i inile

IFI16, a member of IF ¥ty is kAdWwn to express in endothelial and epithelial

cells such as skin in addition to -ur’ ells (Wei W et al., 2003). Its expression

o)A
is stimulated in HU stress an

g . ' lammatory cytokines
(Gugliesi F et al., 20 --h; or 13 indicated that IFI16 may be
implicated in the initial ﬂp& o Dy mod ulatir@anduthelial and keratinocyte
cell function. Moreover, afegent study by gene array disclosed that IF116-
overrpressingNEE Ehoged ik sain Ppibsd ol aghes ivolvedin
mrnummodulatla. cell growth, and apoptosis. Copsistently, IFI16 jpduced the
oresin Phb s BB YIHRR Y b s
muleculea (ICAM-1) and E-selectin, or chemokines, such as interleukin-8 (IL-8) and
monocyte chemoattractant protein-1 (MCP-1). In addition, knockout of IFI16 using

siRNA significantly inhibited the induction of ICAM-1 upon IFN-OL treatment. This
demonstrates that IFI16 is required for stimulating proinflammatory genes. Furthermore,
the functional analysis has indicated that IFI16 regulates proinflammatory genes via NF-
KB activation using a novel mechanism involving suppression of IKB expression
(Caposio P et al., 2007).
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The role of IFI200 family members in SLE

The first evidence for the role of IFI200 family in SLE was provided using mouse
model to identify SLE susceptibility loci. One region, namely Nba2 was identified as a
locus responsible for mediating susceptibility to SLE (Atencio S et al., 2004; Wither JE et
al., 2003). Subsequent study of Rozzo SJ and co-worker has shown that progeny from
congenic mice containing the Nba2 susceptibility region on the C57BI/6 resistant
background (B6.Mba2) crossed with N2 g (B6.Nba2xNZW) developed

glomerulonephritis and I1gG at ..__.‘_ odies Sda iclear antigens. Additional study,
they identified gene candich with oligonucleotide microarray
of wild type and B6.Nba cong y has found that only two
IFI200 family genes were di : as up-regulated while IFI203
was down-regulated. Furthérmérd, fhéy has'revealed evated levels of IFI202 in B
cells, which showed | ' |

cross-linked with IgM (Rezz

the B cell receptor was

6 was identified as new
‘ E patients develop high titer
. Later study has also found that
2r anti-IFI116 1gG antibody levels

autoantigen for patients wi
autoantibodies to IF116 prote
26% of patients with SLE exhibiteer

7 i ——— .-

compared with contr "'*.- ------- - . Sreie e ienid Sals alysis, IFI16 was highly
expressed in epidermis e lj of skin lesions from patients
with SLE (Mondini M et aI?ZEE}. Lastly, a rqﬁant study of gene expression profiles
using microa of patients with SLE
as compared to figalthy controls {Alcma DA et al., Eﬂﬂ?} These avidancas indicate

e “ﬂ‘W“’Tﬂ’ﬂ”ﬁ“‘mﬂWW“ﬁ 3 e



CHAPTER IV

MATERIALS AND METHODS

Part | Whole genome /»g
1. Subjects

One hundred patiefts Wil 1 alongkomn Memorial hospital were
enrolled in this study. A : fu/fﬁ 1al rican College of
Rheumatology (ACR) re ! (Tan EM et al., 1982). As a

control group, we recruilge - \k\\\\ atched controls from

healthy blood donor of the, \\\ committee of the faculty of
Medicine, Chulalongkorn U B _.. . proved the study and the

_ ..M ina \
subjects gave their informed gns et - .

p= s ;,- A i

2. DNA extraction .
Genomic DNAYA it

amﬁamdiamlmteiraac@ acid (EC pagulant, um'g a salting out method (Miller

SA et al., 1988). For the ganomic DNA extractign, 1 ml of red cell lysis buffer (RCLB) was

sttt b BV B Yo s

13,000 rpm for Sﬁummﬁ and the supernatant was scardad to nb@p the pellet. The
e QARG 4 {461 I s o

2001l nuclei lysis buffer (NLB) and 50 ul 10% SDS were added. Pellet was broken
up with pipette tip and vortex to get powdery, tiny flakes. The solution, 150 pl of NLB and
10 pl of proteinase K (10 mg/ml in H20 stored frozen) were added, followed by incubation
at 65 °C for 2 hours. Precipitation of proteins was obtained by adding 175 pl of 5.3 M NaCl.
This solution was centrifuged at 13,000 rpm for 15 minutes in micro-centrifuge. After

o
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centrifugation, the DNA in the supernatant was precipitated in 1 ml of cold absolute ethanol.
Invert 6-10 times to precipitate DNA, it will appear as a white to translucent stringy mass.
This solution was centrifuged at 13,000 rpm for 2 minutes and the supernatant was
discarded to obtain the pellet. This pellet was resuspended in 1 ml of cold 70% ethanol
(break pellet by tapping), followed by centrifugation 2 minutes at 13,000 rpm and the

at. After removal of the ethanol, the pellet was

dried at 37 °C with the cap open tosévaperate /3 athanol. This pellet was dissolved in 100
ul of sterile distilled water, follgwet by ir ~E until completely dissolved.

3. DNA quantification and
Genomic DNA of ga

Broad-Range DNA Assay &

supermnatant was discarded to obtain the pe

licate using the Quant-T™
rget concentration of 50 ng/pl.
Equal amounts of each indih . o construct 10 pools in each
study group. To minimize errg _ . S - n ained the volumes greater than

2 pl. These 10 pools of each g@up cdus IS with SLE and 100 healthy

 ainkani s v 2l
controls (i.e.10 individuals per poof; D

4. SNP microarray gesid fpecled DNA /

Twenty DNA podisiwe f»ﬁ:‘ Human Mapping
50K Array Xba240. The ips and reagents were obtained | Affymetrix and the assays
fly, 250 ng of genomic

::,:::,:ﬂ:,;m TR ey e,
- awmmmm i

preferentially amplify fragments in the 250-2,000 bp size range in a GeneAmp PCR System
9700 (Applied Biosystems, Foster City, CA). After purification with a Qiagen MinElute 96 UF
PCR purification system, a total of 40 pg of PCR product was fragmented and a sample of

about 2.9 pg was visualized on a 4% TBE agarose gel to confirm that the average size was
smaller than 180 bp. The fragmented DNA was then labeled with biotin and hybridized to
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the GeneChip Mapping 50K Set for 17 hr. The arrays were washed and stained using the
Affymetrix fluidics Station 450 and scanned the arrays using a GeneChip Scanner 3000 G7
(Affymetrix, Santa Clara, CA). The Affymetrix Gene- Chip1 Operating Software (GCOS)
collected and extracted feature data from Affymetrix GeneChip1 Scanners. The GeneChip
Genotyping analysis software (GTYPE) was used to analyze feature intensity data stored in
the GCOS Database, and provided high-throyghput and accurate genotyping analysis.

The CEL data files axtca om DOT archived file. Probe intensities of each
SNP were extracted from thafCEX dBIAHilG usifg the age called AffParser. Each SNP
has 10 probe quartets. €a 6 |
allele A (PMA), mismatc
probe of allele B (MMB).

ding perfect match probe of
rabe of allele B (PMB), mismatch
séd in the following analysis.

5.2 Quality control (QC __ Z:
In this -—-- lor each SNF Since 10 pools were
: oc : sbe quartets which can be
| SNF‘ level QC ﬁtilizas this info 'rJ lion to decide whether or not

- dmﬁ Ul ANENTVEIN Lo com
a ‘W:'] at:;ﬂu:umt:err of détected ﬁ f]beau?u]r:atgtflnr‘y]mttﬁ Control)

probe detection rate (Control), Nu/100
Q = overall detection rate
= min(Qa,Qu)
If Q>0.95 this SNP is detected
Else this SNP is not detected

generated for case a 1
detected for each SNP. - he
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5.3 RAS calculation

For those SNPs that passed QC, their probe intensities were used to calculate a
relative allele signal (RAS) using GenePool software. The RAS is the ratio between the
intensity of the signal of A allele and the summation of the intensity of the signal from both
alleles (Pearson JV et al., 2007). It is calculated as following equation.

RAS = PMA/(PMA+PMB)
Up to this point, each SN /only one RAS value representing the
allele frequency of A allele. __ /—;

——

EAMWNV

The T-test was \ ignificantly different between
case and control groups #Thig' - ,‘ \\\ 2 SNP-MaP studies (Butcher
LM et al, 2005; Craig DW elf@l. 2005 Johnsg \‘\ 6). The reason to use this T
statistics is because RAS is nifme ?_f' ¥ Ja 2 are replicates in the data. The test

statistics was calculated from t ,‘-,E' ;,

The degree of freedom,of this test statistics equals to Na+Nu-2. Since there are

ity 20 e8] o S VY S B S RAENS m i mmberve

can find the p-valat by reference to T-gistribution ta

ammmm um'mma d

0dd ratio calculation
For each SNP, the odds ratio was calculated by pairing the data between groups for
each sample. Thus, for M case pools and N control poals, there are M x N pairs. Foreach
pair, the odds ratio was calculated as following:
OR = RASu x (1-RASa)/RASa x (1- RASU)



The subscript a and v indicate case and control groups respectively. The mean
and 95% confidence interval of OR value from all pairs in each SNP were calculated.

3) Other statistical analysis
Standard errors of mean (SEM) was used to assess reliability DNA pooling
approach (Johnson C et al., 2006). Data 1 n NetAffx Analysis Centre
\“ i ational Center for Biotechnology
Information (NCBI) (hitp://wwagnD ;-_ nih.gdwi.-+mErnational HapMap Project

nio://www hapmap.oro ir nerk Mapniap=836/) and SNPDB'-!' information

hitp://snpper.chip.org/bic/s J'm : \t\‘ et this study.

6. Selection of candidate SNPs
|ﬂmi$3ﬂl‘dy. & [OCUs ol BNINNEnT \ \ 5

g \ ong M and Tsao BP, 2006).

S Sassg

‘;i control, odd ratio > 1.25 and p-

hitp://iwww. affymetrix.com/analys

confirmed as major susceptit;
Only SNPs within the gene fégi
value < 0.0001 were included! In‘dafeiiton ol tional SNPs in genes that are good
candidates on biological reasons\%ers s xample, SNPs in promoter region
usually lead to differesimE the resuit from cAanging transcription factor

binding site. Selection -"h‘ ~ oy TFSEARCH program

hitp://www.cbrc.jp/researt | --1 ARCH.h n (Akiyama'Y, 1998). For SNPs which are

35

non-synonymo m ﬂmﬁTHj intal:l proteins where
functions like D ntact. This region was

Sﬁﬂm -""-"“,‘L M. D -U_t-,j' dbsk
Henikoff S, yYare mos ! YOI Itthe b ‘

donor and acceptor consensus splice sequence and may cause either exon skipping or
utilization of cryptic splice sites resulting in the absence of normally spliced mRNA. The
effects of such SNPs can be predicted by information theory based binding site analysis
(https://splice.cmh.eduy/ ) (Nalla VK and Rogan PK, 2005). Finally, we predicted SNPs in

btml) (Ng PC and
g and end of the
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3'UTR using miRNA target-gene prediction (hitp:/cbit.snu.ac.ki/~miTarget/) (Kim SK et al.,
2006).
7. Validation of candidate SNPs

PCR-RFLP (Polymerase Chain Reaction-Restriction fragment Length
Polymorphism) was used to individual genotype selected SNPs. The genomic DNA of SLE
patient and healthy controls in the same * ‘ ps used in pooling study was amplified with

specific primers under optimal conditio: Y / DNA was digested with specific
- "\“-. /
restriction enzymes and digesied"ragments werS.s®Camated on a 3% agarose gel. The

resulting products were visualizeghuniis ightby.Camera Gel Doc'" MZL (BIO-LAD,

USA). Primers and restricliencoaymGs | " dividual genatyping were newly designed in
this study as shown in Tag b jepver, the rasults from PCR-RFLP were validated by
means of direct sequenci g

Table 10 Primers and res

Genes SNPs Restriction
enzymes

1.CD1D Nspl

2. IFIX Anhdl
3. TLRS . AAAGAGAGAMG Tsp500I

T o/
A AR T T e Y
CCTGCCATCTTTCCAGTTG
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8. Statistical Analysis for individual genotyping results

Standard errors of mean (SEM) and Pearson correlation tests were used to compare
DNA pooling approach to individual genotyping. Allele frequencies from individual
genotyping were compared between case and control using Chi-square (f} test. A P value
corrected with Monte Carlo simulations (100000 iterations) of < 0,05 was considered
significant. Odds ratios and 95% confi
disequilibrium structure (D’) was

intervals were also determined. Linkage
program (Barrett JC et al., 2005).

Part |l Candidate geng

1. Subjects

Two hundred Thai p _ emorial hospital, who fulfilled
at least 4 of the American'Coll@og f, Rheu gy (A evised criteria for SLE were
included in this study (Tan E\ S/.conlrel group, we recruited 200 ethnically
od donor of the Thai Red Cross
hulalongkorn University,

: :.. ‘ gir informed consent.

ESolacliunnfSNPpns m

Iﬂl spﬂrfﬁmwd
according to w ﬁ prwlmsly described.

mammﬂ‘izu UANINYAY

R-RFLF (Polymerase Chain Reaction-Restriction fragment Length
Polymorphism) was used to genotype SNPs of MNDA A2706G, C16432T; IFI16 C-721TT,
C6771G, A23201G, C27140T and AIM2 G-151T. The genomic DNA of patient with SLE and
healthy controls was amplified with specific primers under optimal condition as follow: an
initial denaturation at 94°C for 2 minutes, followed by 30 cycles of denaturation (94°C, 20

and geographically matched |-.;
Society. The ethics committee of tfigt
Bangkok, Thailand ,}

a.
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seconds), annealing (55°C to 60 °C, 50 seconds), extension (72°C, 20 seconds) and final
extension at 72°C for 7 minutes. Amplified DNA was digested with specific restriction
enzymes. The digested fragments were separated on a 3% agarose gel and visualized
under LV light by Gel DocTM MZL (BIO-RAD). Primers and restriction enzymes for
genotyping were newly designed in this study as shown in Table 11.

PCR-SSP (Polymerase Chain Rea equence Specific Primer) was used to

at were newly designed as well
L ——
(Table 10). Internal control primersvare uted Id Eheek fopsuccessful PCR amplification.
Then, PCR was carried qul ondition'as. f¢ an initial denaturation at 94°C
Ok : N\ .
for 2 minutes, followed b, jdei ‘}\\\:\\\;(\}‘ seconds), annealing (55°C

and 58 °C, 50 seconds), gife 2°C, 20 seconds)and final extension at 72°C for 7
minutes. The PCR produci wgre Sepa '.a- "&\:\\ ose gel and visualized under UV
light by Gel DocTM MZL (BIGFRAD L Th& e 558 0 assays were validated by
means of direct sequencing. a2 s \

X

U

AULINENINYINS
RINNIUUNININY



Table 11 Primers and restriction enzymes used for analysis of SNPs

Genes SNPs Sequence of primers (52 3 Restriction enzyme
1.MNDA | rs7513873 (A2706G) | ACTCATCCTCACCAACACTG Nia Il
GCGACAGGGCGAAACTC
1s2276403 (C16432T) | GGATCCATGGATGTAGTG Rsal
2. IFIX | rs856084 (G13792T) Ahdl
3. IFI16 rs4657618 [0?21 | GBCAGCT Hae (Il
rs866484 (C6771G HpyCH4 Il
rs1772414 (A232 \‘\‘ TAT Dra Il
rs3754460 (C271407] Hae Il
rs6940 (A44962T) -
saa rstooiica Dra i

]

rs2276405 (C34527) ., | GCCTGTGGCAATATTAAACTC -

AU e Aan 5

oy, VL RLRY:




4. Detection of apoptosis

Within 60 minutes after blood drawing, peripheral blood mononuclear cells
(PBMCs) from 15 healthy volunteers containing different IFI16 genotypes were isolated by
Ficoll-Hypaque gradient (Robbins Scientific Corporation, Sunny vale, CA) and resuspended
in RPMI-1640 medium (Sigma, New York, NY, USA) with 10% fetal bovine serum (FCS)
(Gibco, Karlsruhe, Germany) and 100 U/ml, genicillin (Gibco, Karlsruhe, Germany) and 100

pg/mi streptomycin (Gibco, Karl a concentration of 5x10° cells/ml. These
cells were plated into 24-well.p s.(Greiner, Germany). PBMCs were
treated with doxorubicin (Phagmaessnd Upjohi, Gefmany) at a concentration of 10 pg/ml

ition was determined to be
\\' 100 pg/ml) and time (8 and 24
\k\x died using real time RT-PCR
nwing primers:

TCCACTCGGAT 3'(YulL and

effective to induce highesi
hours) response experimeg
(Reverse Transcription-Po

5TGGCCATCTACAAGCA

Domann FE, 2006). Finally, the Ils was measured by FACScan
flow cytometer (Becton Dicki C and propidium iodide (Pl)
binding according to the manufaCtures pratocol asciences Pharmingen, San Diego,

CA, USA). Positive g;-——-———-—- e ' otic.

y 2
5. The binding Aﬂgﬁrﬂ MWET by Electrophoretic

Mobility Shift

2 EAASAINURITINYINY

Campbmntary DNA (cDNA) of twelve different cell lines including Hacat, Jurkat,
Hela, Molt4, UACC903, HepG2, Hep2, BLCL, U937, K562, SW4B0 and HT29 cells were
detected for AIM2 mRNA expression by conventional RT-PCR with
5 CGTGAGGCGCTATTTACCTC 3'and 5’'CAGGAGGAGAAGGAGAAAGTTG 3' primers.
The PCR condition consisted of an initial denaturation at 94°C for 5 minutes, followed by 35
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cycles of denaturation (94°C, 1 minute), annealing (60 °C, 1 minute), extension (72°C, 1
minute) and final extension at 72°C for 7 minutes.

5.2 Cell culture

BLCL cells and UACC903 cells (a generous gift from Dr. Ricky W. Johnstone, Gene
Regulation Laboratory, Australia) were cultured in RPMI-1640 medium (Sigma, New York,
NY, USA) with 100 U/mL penicillin {& ibc ), K rmany), 100 yg/ml streptomycin
(Gibco, Karlsruhe, Germany), aithsupple FCS (Gibco, Karlsruhe,
Germany). Cells were maintaigeaats wmidifi ’ osphere at 5% CO,.

Nuclear protein exty \M\ 3 ce lis were prepared as
previously described (Te nmdrﬁcatmns Briefly, the

cultured cells (5x10 to 1810 vafe ied By certtri on at 250xg for 10 min. The cell
pellet was resuspended in 2.5 il of caliysis Bulite 5F A: 10 mM HEPES, pH 7.9, 1.5
mM MgCl,, 10 mM KCI, 0.5 mi DRE G5 itk F phnylmaﬂwsulfunﬂ fluoride), 1 pg/mi

aprotinin, 1 ug/ml pepstatin and-f ¢ d allowed to swell on ice for 10 min
and centrifuged at 25 {;‘-_-_-T—F e CRiDRlE w-;'- ended in 1.5 ml of cell lysis
buffer, Nonidet P-40 (NF

10 strokes of a tight-fitting Dnunca hnnwganizartn releas

s@am homogenized with about
=] nuclei. The successful

release of nucle ﬁ «ﬁ m the nuclei were
collected by cen ation at 0 min were resuspended in 1 ml of nuclear

extracti ?ﬁ%':l,, 0.2 mM
- mﬁm&ﬁm WHLIREL: e
leupeptin). The total volume was measured, and NaCl was added to a final conc of 300
mM. The nuclear suspension was stirred on ice for 30 min, and then centrifuged at 24,000 x
g for 20 min. The supernatant was aliquoted, snap-freezed in dry ice/ethanol, and stored in -

70 °C before use. The protein concentrations were determined according to Lowry method
(Lowry OH et al., 1951).
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5.4 Preparation of labeled oligonucleotide probes

The oligonucleotide were synthesized and annealed to generate double-stranded
oligonucleotides with overhanging sequences. A stretch of five T residues at the 5’ end of
the reverse oligonucleotide was added to increase the labeling efficiency. As shown in
Table 12, the binding sequence for the corresponding transcription factor AP-1 was
designated in bold, SNPs were underlined and mutated nucleotides were small letter.

Double-stranded oligonuciéatilé prabes yere generated as follow. Briefly,
annealing reaction was perfognedin tot: mB.ofS0 ul using 5 pl of 10x annealing buffer
‘_
(3MKCL, 0.1 M Tris, pH 7.8 mh/ : ounts of 1,000 pmole in each

oligonucleotide were addga®

B0

1, “The double-stranded
\\\ lamperature over 1 hour.
Afterward, double-strandeglighniafecta ..: will be tated using 3M sodium acetate
and 95% EtOH and dissolvge I. Then,10 pmol (1pl) of

double-stranded oligonuCle eaclion at the 3' end by mixing with

oligonucleotides were alig

1 pl (5V) of Klenow polymerasg P (3,000 Cifmmol), 2 pl of 5x

et :
dATP buffer containing dCTP, d _,‘*:E:'_- 2'mM of each) and 5 pl of water. The
mixed reaction was incubate 37 fe ,,- 3 mir

The labeled .:' 85 ware purtied by p :’r G-50 column. [To
prepare columns, the ctﬁmn S or nm at 2000 g (Sephadex) or 750
g (Sephadex) upon lnadinq,cﬁmifarm slurry. E’B sample was applied directly to center of

the shrunken gﬁeﬁrﬁeﬁ}%ﬁ @wfﬂzﬂm labeled probes were

finally diluted by 8TE buffer (100 mM Tns-HCI pHB8. EI 1 M NaCl, 10 rnM EDTA) to get the

Wﬂ“&”ﬁ“ﬂim UANINYA Y

55 Blndlng reaction and visualization

Binding reaction was performed in total volume of 30 pl by mixing the binding
solution (20 mM HEPES, pH 7.9, 1 mM MgCl, 0.5 mM DTT, 0.5 mM EDTA, and 4% ficoll)
with KClI to a final conc of 50 mM, 2 ug of poly (dI-dC).poly (dI-dC), 1 pg of salmon sperm
DNA, 100 fmol labeled probe, and 2.5-10 pg (5 pg) of nuclear extracts form cells. In
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competition experiments, a 50-fold excess of either unlabeled doubled-stranded wild type
or mutant DNA probes was added to the reaction. The mixture was incubated at room
temperature for 20 min. The protein-DNA complexes were separated on 5% non-denaturing
polyacrylamide gel in 0.5x Tris-acetate buffer at 200 volts for 6 hours. The gel was
subjected to autoradiography for 12-16 hours at -70 *C with phosphor screen. Finally, the

complexes were visualized using Phos -“ War System (ImageQuaNT Software,
—J

Molecular Dynamics).

Table 12 Oligonucleotide probes tised for EM
Pl'ﬂ'bﬂ name " 4
1. AP-1G

2. AP-1T

3. Mutated AP-1

6. Statistical Analysis

PLINK v1.03 ‘V' (Purcell S ot ol 2087 was usad g calculate the empirical P

X
values (100,000 permutatipns fﬁ case-control association tests

for single SNPs and to ma Eﬂle genotypic aseg:iatiuns. In addition, haplotype analysis
was also perfo s i _ (HWE) and linkage
disequilibrium HMJMJmmM Disequilibrium Plotter
(Carter 096). Moseayer dba W ﬁ’ S Power
Calculagﬁjtaﬂq;mmmh. !

The association between genotypes and renal pathology or apoptosis was
analyzed by using non parametric test of SPSS software version 11.5 (SPSS Inc, Chicago,
IL). The Mann-Whitney U test was used in case of comparing between two groups, while

Kruskal-Walls H was applied in case of analysis more than two groups. A P value of less
than 0.05 was considered significant.



Part 11l Expression profile study

1. Subjects

1.1 Expression study in leukocytes (buffy coat)
Twenty patients who have been diagnosed with SLE according to ACR criteria were

recruited (Tan EM et al., 1982). All \1’)’ / in 2 patients) had high SLE disease
activity index (SLEDAI) scores ______ core T4 sP1). Among 20 patients at the time of
study, 2 patients were not SEENIRG ar dicalicn, 8 OUt of 20 patients were receiving

prednisclone alone, while 10.p8tiants’ware ' J Prednisolone combined with other
o, e
medicines such as endoxaal Cali€gft anc ~\ o ore, 9 age and sex matched

i T
. . L "\
LA
‘ (" | oy | .’

89% 1.36). Characteristics of SLE
own in Table 13.

healthy controls were also g€l
patients included in expression st

¥ )
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Table 13 Characteristics of SLE patients included in expression study for leukocytes

45

Patients SLEDAI
no. sex Age Treatment dose (mg/day) score
1 F 5 24
2 F 15 10
3 F 75 12
4 F 100 14
5 F : 16
8 F 60, 1200 14
7 M 30, 1000, 10 12
8 F e : 16
9 F pred “ ne, cellcept, 15,720, 20 10
o 1w o adni® | wm |
11 F :“::?EF“ 50, 2.5 16
12 F 50 12
13 F 25,10 16
14 F 7.5, 1000 8
15 F 10, 1500 14
16 F 12,5 30
17 F 40, 1000, 10 12
18 F 50, 40 16
19 F 30 14
20 F 60 -
Feme 14,78 £1.21
(MeantSEM)

QRN TN IAD




1.2 Expression study in B and T lymphocytes
Ten female patients from King Chulalongkom Memorial hospital, who have been

diagnosed as the American College of Rheumatology (ACR) revised criteria for SLE were
enrolled in this study (Tan EM et al., 1982). SLE patients were classified into two groups
according to SLE disease activity index (SLEDAI) (see Table 14). The first group included 5
inactive SLE patients receiving low doses nisolone at less than 5 milligrams per day

within at least one month before blaod ¢ ik DAl < 3). Another group composed
i of corticosteroids (2.5- 15

milligrams per day of prednisgié sphenolate mofetil or azathioprine or
myfortic) (SLEDAI 2 3)

controls were also includg

n andition,S.age and sex matched healthy

Table 14 Characteristics of SLE pafie dy for B and T lymphocytes
Patients Steroid dose | SLEDAI
no. Age (mg/day) score Stage
1 25 25 0 inactive
2 32 5 1 inactive
3 38 5 0 inactive
4 % & 25 0 inactive
5 34 5 0 inactive
6 24 15 4 active
7 16 5.75 4 active
8 5 10 actve
9 g gredngolbng, Mydor of 25. 1000 3 active
10 % renisolone ; 25 18 active
ra
PEANIUNNINGTA Y
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1.3 Expression study in renal biopsy

Fourteen female patients underwent renal biopsy for diagnostic evaluation during
2002-2005. All patients have been diagnosed with SLE according to ACR criteria and have
had at least one of the following criteria for renal involvement: a total urinary protein level of
more than 0.5 gram per day, an increment of serum creatinine levels of more than 0.5 mg/di

during one month period of follow up or prasence of pyuria, hematuria or urinary cast by

microscopic examination. The histological oflupus nephritis (LN) were defined by
Mg,
using World Health Organization (WHC 1Cai ning JJ et al., 2004). Most
T —

patients had received the sag

ment including prednisolone and
cyclophosphamide or myce: e kidney sections from living

donors or cadavers for kigfey 8 s Gontrols in this study.

Characteristics of SLE patl study. for renal biopsy were shown in
Table 15. " &

Table 15 Characteristics of SLE pitienfs ‘i expression study for kidney biopsy
1 a1 — 7 0 i
2 18 5 2 i
3 3 3 12 8 v
4 34 0o =) a6 Qs 20 18 9 1 i
5 49 ' ﬂnj 0 0 v
6 0 'ﬂ 43 il 1 Y 6 7 v
7 | Tsa - 10 778 154, s W n 3 v
8 o w , ) W 10 3 0 i
] q 3 07 413 5 10 6 1 v
10 38 15 2 1 8 2 7 i
1 18 0.7 978 12 12 5 2 i
12 23 0.7 312 0 6 4 5
13 23 1 029 1 2 0 6
14 a2 22 9.1 80 18 19 0

MeantSEM | 30714243 | 149:031 | 4121084 | 172m632 | 10142133 | 6361137 | 3ses0se7
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All subjects in the expression studies were approved by the Ethic Committee for
Human Research of the Faculty of Medicine, Chulalongkorn University, and written informed
consents were obtained from all patients.

2. Cell separation

Twenty milliliters (ml) hepaﬂn%zec!- blopd samples were collected and processed
within 2 hours of collection. Perip f huclear cells (PBMC) were isolated
using Ficoll-Hypaque reagent(S USA). T lymphocytes were
purified using a positive seleclig nage eads (Miltenyi Biotech, Bergisch
Gladbach, Germany). Mg .':.\  fi “""r. ] populations by adherence to
plastic at 37 °C for 1 hr ( glls without monocytes
(majority B cells) were collgfleg

3. Total RNA Extraction

Total RNA were exire , Chatworth, CA, USA)
according to the instruction combines the selective binding
properties of a silica-pased membrant d of microspin technology. Briefly,
kidney tissues were fitstiysa: nized in the presefice of a highly denaturing
guanidine-thiocyanate €antz f‘-fi, Activates RNases to ensure
' Ethanol was added to provide ap opriate binding conditions,

::::f;"‘::@mmmmmm: -
“s“ﬁﬁﬁﬁwfﬁmﬁﬁmmaﬂ

4, Wmntary DNA (cDNA) synthesis
Synthesis of single-strand cDNA was carried out, as used total RNA 0.25 ug

(maximum volume of RNA template not exceed 11.5 pl) for reverse-transcribed into cDNA
by Tagman™ Reverse Transcriptase Reagent (Applied Biosystems, Roch Molecular

purification of intact R

Biochemical, NJ, USA). Eighteen microliters (pl) of reverse transcription mastermix
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containing 3 pl of 10xRT buffer, 6.6 pl of 25mM MgCi2, 6.0 pl of 10mM 4dNTP, 1.5 ul of
50uM Random primer, 12 U of RNase inhibitor and 37.5 U of MutiScribe™ Reverse
Transcriptase, 18 pl of mastermix was added into 0.25 pg (11.5 pl) RNA template and
transcribe at 25 °C for 10 minutes, 48 °C for 30 minutes and 95 °C for 5 minutes.
Complementary DNA was kept at -20 °C until used for measuring gene expression by real-

B g“”ﬂ/

A real time RT-PCR assay'W - h;.. __ .12 etgeneu'anscriptsushgﬂ-

actin or 18srRNA as endgg \“ y designed in this study as
shown in Table 16. PCR \ 2t QuantiTect SYBRGreen PCR
Master Mix with 0.5 uM prigie . DN \ x. e water according to the

manufacturer's protocol (Qigfe d an initial activation at 95°C for
b at 55-58 °C for 30 seconds and
extension at 72°C for 30 seforgh followed byee of 40-50 cycles. The mRNA levels
were measured by a Light Cycler | ,r Gine (R olecular Biochemicals, Indianapolis,

IN). Levels of mRNA were ex T) and used comparative CT

15 minutes, denaturation at 95%

method for analysis. F§ l:' rget genes were
normalized by expressi & m%( of target was calculated by
g Bder

ﬂ‘lJEl’J“ﬂWlﬁWEl']ﬂ‘i

= CT(target) - ﬁC}[mfar&nca}

q Wﬂﬂ’@ﬂﬁﬂ?ﬁﬁﬁ%ﬂﬁfﬁ B



Table 16 Primers used for Real time RT-PCR assay of MNDA, IFIX, IFI16 and AIM2

Genes Primers (5'->3')
1. MNDA GGAAGAAGCATCCATTAAGG
GTTTGTCTAGACAGGCAAC
2. IFIX GAGACTGGAACCAAAAGG
CGCGATTATT 1 ’ TCTTC
-
3.IFI16 CTGCACEC! 'r“_‘\.. Al
S W’/’
. L:.._-"'AJ - ‘ o Ll -
4. AIM2 oy -?"";_.,- et ! _--".'.-.Ltql G
5. Beta-actin
6. 18sTRNA

Expression of IFIX and [EHEt8tfarmis : ni-quantified by conventional RT-PCR.
The reaction volume ¢ -&2;:;; sction was 105 ebntaining 2 pl of 8.3 ng/pl
LY
cDNA, 0.2 pl of 5.0 U/Jl Tac of 40X PCR buffer (20mM Tris-HCI

pH 8.0, 100 mM KCl), 0.8°ul of 25 mM MgCI2, 0.64 pl of 10 MM dNTP, 0.2 pl (10 pmol) of

each primer a | ‘ﬁ e I%<Ding Y et al., 2004) and
IFI16 were smﬂ?. m:ﬂsm‘rill naturation at 94°C for
5 minutes, f c m 0,second; Jﬁ«zjnng (60°C for

:fowmghuwﬁhﬁﬁ:ﬁ 4 ﬁﬁa 3, 3 s) and final

(72
extension at 72°C for 7 minutes. Ampilification was performed in Perkin Eimer/ GeneAmp
PCR system 2400. The PCR products were loaded in 1.5% Tris-acetate agarose gel and
analyzed using electrophoresis containing Trisacetate buffer at 100 voltages for 40 minutes
followed by staining 50 pg/ml ethidium bromide. The density of product bands was semi-
quantified using software of Gel DocTM MZL (BIO-RAD).
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Table 17 Primers used for conventional RT-PCR assay of IFIX and /FI16 isoforms

Genes Primers (5'->3')

1. IFIX GGAACAGAGTCAGCATCC
GTTATTTGATATCCTTGTCC

2. IFI16 CATCTTCGGACTCCTCAG

\; " ‘\"\‘_
Levels of mMRNAs wefe cxpessed.a \\Kﬁ . The independent t test of
SPSS software version 11.546P86 jhé, Chicad, IL «- sed to compare data between two

] )
AULINENINYINS
PMIANTUAMINYAE



CHAPTER V

RESULTS

Part | Whole genome association study

1. Result summary and com ‘\x“ candidate genes
Hybridization signal inten: ,..:”\ : from all 20 DNA pools. After the
assessment of quality contfal SNPS wi BH6n rate more than 95% were

considered. In our study, S#@ToBul of 98,960 SNPs{(872%) could be assigned for
subsequent analyses. |
difference (standard erro;

D nabls ¢f normal control , the averaged chip-to-chip
| ia frequency was 5.54%.

Moreover, the averagéd djifergha {SEM) e

ated allele frequency of our
Thai normal control grodp agd | :y 3\ Asian populations) from NetAffx
was 8.85%. A A
The 51,215 SNPs that p ere analyzed to determine the
difference between SLE andmtrmal€anioh dbe T-test was used to analyze
since RAS is ;'m+' ata. The 3,814 SNPs were

sa

found to be assuclata ith 1 and odd ratio (OR) more

than 1.25. The -Log10 F‘valuas and OR of assn-matad SNPs were plotted according to

chromosomal ﬁ% wm ﬁwmm Top 50 SNPs ranked

by P values and®dd ratios (OR) were, shown in Tabla Aand B, respechvely The ranges
o LI LI v
18) and 251 to 4.32 for OR (See in Table 19). There were only 20 SNPs ranked by P
values and 17 SNPs ranked by OR that were in the gene regions. For SNPs in the gene
regions, they were not in known candidate genes and likely were not related to SLE
pathogenesis. However, there were some SNPs closed to the genes that may be
important to SLE. For example, SNP rs276992 ranked as 9" by P value near to IRF8,
which is a gene in type | interferon pathway. This SNP is very far from IRF8
approximately 287929 bp.
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< 0.0001 and odd ratio >

X .. ﬁs

® @
enjea o4 n__.nﬂ_..—u

Figure 9 —Log,, P values
1.25 according to ch

ﬂ"'ﬂﬂh— ?ﬂ

6

N M T WD
L@y - -l ol

=

1.75-

Steh’| 6 £

& WANT Tenibfibioral

Figure 1ﬂq0dd ratios of passed QC SNPs with p values < 0.0001 and odd ratio > 1.25

according to chromosomal locations



Table 18 Top 50 SNPs ranking by P valus
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dbSNPRSID | loci | ORmean | Pwalue | Sov | CORO! | mar Gene name or function e
1.r52914941 8q22.1 | 22260546 | 1.07E-011 | 046 | 064 | 0.4881 AC010834.19/RNA binding motif protein 128 16476/-14522
2.rs12081 15q15.1 | 2.7096148 | 2.08E-011 | 03 | 049 FLJ43339 Downstream
3510487264 | 7q31.33 | 2.163385 | 1.27€-010 | 057 | 073 adhesion molecule 1/G protein-coupled receptor 37 475393/-345304
459300973 | 13q33.2 | 1.6864449 | 1.326:010 | 062 | 05 lute carrier family 10, member2/D-amino acid oxidase activator 1833182/-588832
5r81477489 | 1Bg22.3 | 1.0930808 | 1.486-010 | 053 | 0.38 5. |_neusopilin (NRP) and tolloid (TLL Hike 1/F-box protein 15 344028/-081791
652252068 | 9934.11 | 1.9314635 | 1936010 | 058 | 043 ing __Intron
7rs9316967 | 13g21.1 | 2.0366881 | 2.58E-010 | 0.64 | 0.49 orin 17/diaphanous homolog 3 (Drosophila) 380308/-1653620
8.rs2766003 1p21.3 | 2.1602583 | 3.13E-010 | 056 | 0.7 wm\ﬂ!g_ or 3. W 14 homolog (yeast) 63856/-21914
9.rs276992 16g24.1 | 2.086628 | 5.86E-010 | 0.59 | 0.43 ulatory factor 8/forkhead box F1 287929/-323430
10057228560 | 18q22.1 | 2.2276337 | 7.61E-010 | 020 | 045 2 inhibitor, clade B (ovalbumin), member &/cadherin 7 326506/-1453724
11052327302 | 20p12.2 | 2.286241 | 1.03E-009 | 047 | 0.31 s syndrome)/BTB (POZ) domain containing 3 97070/-1156061
1251388848 | 4q25 | 2.0143512 | 1.08£-009 | 038 | 025 2 (Xenopus laevisy 271478/-420376
8 5-phosphosulfate synthase 1

13.rs966226 3g24 | 21715929 | 1.20E-009 | 0.35 | 0.51 .pholipid scramblase 1/Zic family member 4 232408/-638461
14.rs10500349 | 18p13.2 | 2.1548719 | 1.58-008 | 0.56 | 0.42 Al ataxdn 2-binding protein 1 Intron
15.rs925899 2q322 | 1.9455016 | 1.73E-009 | 0.76 | 085 118 pted in renal carcinoma 1 Intron
16.r510496332 | 2q11.2 | 22881771 | 1.966-009 | 061 | 043 | 0.4286 alpha-1,3-)-glycoprotein beta-1, Promoter
17.rs347405 | 13g14.11 | 1.883772 | 2.63E-009 | 0.36 iacylghycerol kinase, eta Intron
18.rs2189880 735 | 1.9980456 | 2.88E-009 | 0.35 aceptor, family 6, subfamily B, member 1 Promater
1908317014 | 13g21.2 | 24911385 | 3.06E-009 | D.44 prolocsdiiedn 17/diaphanous homolog 3 (Drosophila) 1174363/-859565
205961080 | 15q15.1 | 2.3193556 | 3.47E-009 | 0.65 Downstream
2152168535 | 11p12 | 1.5696301 | 4.44E-009 | 0.39 containing 4C/apoptosis inhibitor 5 1687515/-1510265
22rs10519161 | 15q22.2 | 2.0255077 | 4.83E-008 | 0.65 Promoter

| 2358090395 | 18g21.1 | 1.7238739 | 4.93E-009 | 0.51 .62 and BTB domain containing 7C/KIAAD427 347956/-163723
24.rs685428 11p13 | 2.016404 | 545E-009 | 029 | 041 | 04 57407/-244751

101

2536474087 | 8q12.1 | 1.8204323 | 6.05E-000 | 0.41 % 0 472303/-49448
261510502189 | 11g23.2 | 2.3233474 | 6.77E-009 | 045 | 08 | 0.2262 33733/-48528
2752323659 | 17p12 | 1.6254254 | 6.86E-009 | OasQioyoss 0 89808/-42402
28.r51842120 | 6g22.31 | 1.7193180 | 7.436-009 | B¢ 0.4 Intron
20033816739 | 4q13.3 | 1.9418038 | 7.57E-009 | 0.7y | 066 | 0.2024 Promoter
3051033043 | 16q12.2 | 2.1415044 | 7826000 | 043 | 03 | 02262 479482/-99855
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3108803371 | 15926.1 | 1.6833301 | 7.95E-009 | 073 | 082 | 0.0119 | AC091544.11/CHD2 | /chromodomain helicase DNA binding protein 2 84324/-198417
320310497327 | 2924.3 | 1.8494937 | 7.956-009 | 031 | 021 | 0.1786 XIRP2/B3GALT1 cardiomyopathy associated 3/ 756822/-158367
UDP-Gal:betaGIcNAC beta 1,3-galactosyliransferase, polypeplide 1
3352826187 | 21g21.1 | 1.706476 | B.04E-009 | 048 | 06 | 0.4286 _protease, serine, 7 (enterokinase)neural cell adhesion molecule 2 2068258/-660685
34.r5742097 Xq27.3 | 25184443 | 816E-009 | 05 | 035 | 0.2619 SPANX member N3/SLIT and NTRK-like family, member 4 85392/-33987
35s7135079 | 12915 | 1.88457 | 8.22E-000 | 031 | 043 | 0.4524 ed and neddylation-dissociated 1/ 123268/-256085
- tyrosine-(Y)-phosphorylation regulated kinase 2
36.rs7795140 | 7q31.32 | 1.9564828 | B.32E-009 | 042 | 054 | 04 RZ. with sequence similarity 3, member C/ 180142/-344110
: , phosphatase, receptor-type, Z polypeptide 1
37.rs706551 2p16.1 | 1.7293454 | B.51E-000 | 037 | 048 | 04 AT nucleotidyltransferase 1 Intron
| 38510513311 | 9q33.1 | 1.9957146 | 9.17E-009 | 045 | 032 W 4/deleted in bladder cancer 1 142250/-1320187
395198432 | 11q12.2 | 1.9114372 | 9.24E-009 | 059 | 046 | 0 tofft 11 open reading frame 11 Intron
4052536537 | 7p15.1 | 1.8215448 | 1.03E-008 | 058 | 045 |- :  activating polypeptide 1 (pituitary) receptor type I/ 236641/-48316
< differentiation &
41.rs723785 3p12.3 | 1.5569243 | 1.03E-008 | 0.49 | 059 : axon receptor, Intron
| 42.rs7734499 | 5q34 | 1.8048685 | 1.03E-008 | 043 | 055 | 0 MAF28/¢ 1l, beta/ 2502380/-1568368
P homolog 2 (Drosophila)
4352071486 | 4q27 | 1.7179562 | 1.07€E-008 | 0.76 | 066 | 0.27 s Intron (boundary) |
44.rs10517528 | 4p14 | 2245667 | 1.12E-008 | 06 | 0.74 0.25 ; 2= ' NGTIN-INTERACTING PROTEIN 2 or Intron
e UGATING ENZYME E2-25K
45083785315 | 16q21 | 1.7340016 | 1.16E-008 | 0.56 | 043 | 0.3095 — cadherin 11, type 2, OB-cadherin (osteobiast) Infron (boundary) |
46.rs988031 8p12 | 1.6856890 | 1.186-008 | 061 | 05 | oastif - ST 1 Intron
47.rs688176 6p25.2 | 1.8303695 | 1.25E-008 | 0.56 | 0.67 71 X 5 open reading frame 146 Downstream
48.rs595413 6p25.2 | 2.1232177 | 1.25E008 | 05 | 037 8 frame 146 Coding exon
49.r54362707 | 3p24.3 | 1.7608936 | 1.27E-008 | 0.66 | 0.77 o71_ st domain 28/UDP-N-acetyl-alpha-D-galactosamine: 345488/-161925
2
: ! evolutionarily consarved kinetochore-associated
50.rs10494410 | 1q23.3 | 1.730723 | 1.27E-008 | 0.64 | 051 | 0.3571 NUF2/PBX1 Ndc80 E 833972/-403365
; % W7 | complex (Saccharomyces cerevisiae)/pre-B-cell leukemia transcription

53




Table 19 Top 50 SNPs ranking by odd ratio (OR)
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dbSNPRSID | loci OR | poaye | Case | Control | .o Gene name or function Forsiochis i
mean RAS RAS SNP
| 1.rs2155008 | 11q14.1 | 4.3154 | 3.73E-006 | 0.65 | 078 | 0.3214 asparaninyi-tRNA synthetase 2 (mitochondrial)(putative)/ 1616648/-2681011
‘ al protein MGC33845
218958842 g9p23 3.8456 | 3.54E-005 | 055 | 042 ne phosphatase, receplor type, D/ 1063998/-1016928
ralaled protein 1
3051382393 | 18q21.32 | 3.3622 | 3.46E-008 | 055 | 0.38 i - mpwm:lmhm type 2 312668/-806764
4.rs726336 5034 3.3543 | B.31E-007 | 068 | 052 Jenosyitra  Il, beta/ 1049097/-3021651
oy mm}
5052326510 | 20p13 | 3.2691 | 4.256-005 | 079 | 088 Promoter
6.rs10496865 | 29221 | 3.1142 | 1896005 | 057 | 068 ated protein 18 (deleted in tumors) intron
70510486922 | 7921.11 | 3.1025 | 2.60E-006 | 0.7 0.56 kinase, WW and PDZ domain containing 2/ | 2052680/-85086
otide binding protein (G protein), alpha inhibiting activily

8ss7148166 | 14q12 | 3.0916 | 3.77E-006 | 0.54 Intron
9rs7138805 | 12921.31 | 3.0650 | 4.79E-007 | 0.55 540924/-543650
10.rs768352 | 2q32.1 3.025 | 3.81E-007 | 0.23 1340608/-133996
11051112139 | 49352 | 3.0012 | 4.11E-006 | 0.25 1655586/-145790
12051452882 | 6q21 29920 | 8.70E-006 | 061 2959547/-369729
1353887103 | 49131 | 2.9512 | 1.97€-007 | 0.52 1162804/-1617780
14.r51494915 | Bq23.1 | 2.0438 | 2.54E-005 | 0.6 610099/-39723
15.rs4981894 | 14q12 | 2.8797 | 3.38E-006 | 0.58 Intron
16./510520693 | 15q26.1 | 2.8673 | 1.536-007 | 0.74 Intron
17.rs10501809 | 11q22.1 | 2.8386 | B.25E-006 | 0.24 Intron
18.rs1024288 | 9q33.2 | 2.8385 | 2.83E-005 | 0.43 Downstream
19.r510511570 | 9p23 2.8279 | 6.14E-005 | 0.54 1137346/-943580
205261717 | Xq24 27989 | 1.01E-005 | 0.48 27993/-122842
21510499231 | 6g24.2 | 2.7932 | 3.85E-005 u.gl Intron

| 22.rs802457 | 2p22.3 | 2.7746 | 1.20E-007 3 858993/-191676
2351899750 | 3p14.2 | 2.7361 | 3.01E-006 | 063 674917/-335208

Ly
L
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24.rs763582 | 4q24 2.7201 | 5.12E-008 | 0.44 029 | 0.3929 TACRI/CXXC4 tachykinin receptor 3/CXXC finger 4 167550/-711288
25.r512081 15q15.1 | 2.7006 | 2.98€-011 | 0.3 049 | 0.4286 FLJ43339 FLJ43339 Downstream
26.rs0324372 | 1p222 | 27048 | 3.76E-007 | 076 | 087 | 0.0854 HFM1 HFM1, ATP-dependent DNA helicase homolog (S. cerevisiae) Intron
2754981122 | 14912 | 27035 | 7.95-006 | 056 | 044 | 0369 NUA 3 protein-ik eiron
2851341126 | 6g21 26871 | 2.08E-005 | 046 | 033 | 0.1707 ; onotropic, kainate 2/ 3078483/-250793
kyrin repeat containing, E3 ubiquitin protein ligase 1
20.rs5058198 | Xq25 26871 | 257007 | 072 0.85 receptor, ionotrophic, AMPA 3 Intron
30.,51459543 | 4q26 2688 | 1.27E-005 | 05 0.37 on associated membrane protein 1-like 1/ 643613/-304420
5 e (heparan glucosaminyl) 3
31052323934 | 13g13.3 | 2.6585 | 2.40E-006 | 045 0.58 mudﬁu' 1n=ms1 related extracellular matrix protein 2 176221/-160964
32.rs2077946 | 10923.31 | 2.6378 | 4.75E-008 | 044 | 0.61 shosphoprotein 1 Intron
33.rs6461547 | 7p15.3 | 26257 | 5576008 | 053 | 069 factor/Sp4 transcription factor 487385/-158401
34.rs2132070 | 89231 | 2.6238 | 4.65E-006 | 0.5 0.39 ‘ spondin 2 laevis) 609379/-40443
@;‘-{”"‘ 33fleucine rich repeat and fibronectin type Iil domain
3505734584 | 14g21.1 | 26100 | 6.30E-008 | 074 | 0.7 | containing 5 807472/-1402333
3652198683 | 18921.32 | 2.6036 | 1.50E-008 | 046 | 0.33 | 'me ‘F‘T‘E"‘-‘r receptor/cadherin 20, type 2 447153/-672279
37.rs10489732 | 1p12 26033 | 4.156-005 | 0.61 0.51 led antigen 17/T-box 15 440033/-489345
38.r510517181 | 4p15.1 2595 | 6.21E005 | 0.51 0.4 pcad {brain-heart) 2698874/-814036 |
39.rs9308004 | 49322 | 25774 | 2.10E007 | 043 | 059 ¥ 1472970/-996058
4051480491 | 29141 | 2.5679 | 6.61E-005 | 0.57 0.47 ; dase 10/DEAD (Asp-Glu-Ala-Asp) box polypeptide 18 966173/-1686548
41.rs1861090 | 12p13.31 | 2.5665 | 1.48E-006 | 0.4 0.55 | 0.4881 e/killer cell lectin-like receptor subfamily F, member 1 24593/-50398
42rs2292623 | 10926.13 | 2.5641 | 2.30E-006 | 0.6 0.7 | 0.1786 sirin homology domain containing, Intron
1.f 'J._hl' osphoinositide specific) member 1
- e repeats and discoldin |-like domains dcytochrome ¢ cxddase
43.rs16901863 | 5q14.3 | 25639 | 211E007 | 038 | 024 1633184/-1042474
44.rs1479959 | 3p14.1 | 2.5616 | 3.00E-005 | 0.57 046 |ers> T abasmTeg @ with thrombospondin type 1 motif, 9 /AC121483.1 809920/-28653
45051413042 | 13q13.3 | 2.5566 | 2.18E-008 | 0.4 0.58 ipoma HMGIC fusion partner 90300/-214278
46.rs9315986 | 13q14.11 | 2.5509 | 9.30E-005 | 0.3 0.41 lunoiog, subfamily C, member 15 Intron
47.rs228857 | 6923.2 | 25321 | 1.21E-005 | 0.45 0.34 : ﬂ' clor 21/TBP-lke 1 40417/-23608
48.rs2326365 | 6p25.2 | 25186 | 1.12E-006 | 0.4 0.27 rnlym sequencs similarity 50, member B Promoter
49.rs742997 | Xq27.3 | 25184 | 8166009 | 0S5 0 5P ember N3/SLIT and NTRK-like family, member 4 85392/-33967
50.rs727600 | 14q23.1 | 2.5140 | 4.17E-006 | 042 0. Intron

. ¢ o Qs
ﬂwqﬂﬁﬂim AN1INEIaE

19
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We compared the results from this dataset with the results of recent four genome
wide association (GWA) studies in Caucasian patients with SLE, one report in Japanese
patients, and with candidate gene association studies that have been previously
reported according to adjacent locations (Table 20). In summary, we selected SNPs
within our chips which are closest to the total of 26 known candidate genes; PTPN22,
FCGR2A, CRP, FASL, TNFSF4, IL10, STAT4, CTLA-4, PDCD-1, PXK, BANK1, TNFa,
TNFb, HLA, ITPR3, TNXB, TNFSAIP3, IRF5, c8orf13, BLK, MBL, FAS, KIAA1542,
ITGAM, ITGAX and TYK2. Our sigaifi ﬂ f .

SNPs that were within knoWn'es pnlnt was p<0.001. The first
significant SNP was rs6849
SNP was far 25,007 bp frg

do not lie within any known candidate

genes when used strict criteria, er, there were two significant

d 5 614" (p=0.00022). This
\x previous reports. Another
9 055" (p=0.00093) and
approximately 57,826 bp and

SNP was rs7844834 in intg
away from rs2736340 and g1
63,039 bp, respectively# Fugihegmore the onfirmed the association of

SNPs that were proximatefo TNFb, Ml THIXEB anc \Lh SAIP3 when used the criteria of
p<0.0001 and also confirmed cIbS&-8NPS (6 TNES, TNFb, TNFSAIP3 and IRF5 if the p

value <0.001, ﬁ' 2 ""'r

ﬂ'lJEl’J‘VIEWlﬁWEI']ﬂ‘i
ammﬂimummmaa
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Table 20 Comparing our study to known candidate genes

Known candidate Qur study _
Rank by P value
Gene Location SNP Position P value Postion | Distance | P value gene (location) OR | (Ttest) |
PTPN22 | 1p13.2 | rs2476601 | 114179081 | 5.2E-06 114158186 | 2091 14584 PTPN22 (3' UTR) 158 | 0.00475
114195271 | -2043 19027 PTPN22 (Intron) 1.39 | 0.01248
FCGR2A 1923 | rs1801274 | 150746369 | 6.8E-07 159730500 | 15869 | 56866 unknown 1.05 | 0.89288
159766988 | -20619 | 58960 | HSPAS (Downstream) | 1.06 | 0.99996
CRP 1923 rs1205 157948857 0.05 g 157948815 42 44684 unknown 119 | 0373
- N 157957951 | 0094 14666 PTPRN2 (intron) 1.38 | 0.00482
FASL | 1q23 rs763110 17089412 0.024 - 3 17082726 | 6686 27579 unknown 139 | 0053
0014 | 15 |, 17007477 | -8085 31162 unknown 1.14 | 0.0868
TNFSF4 19251 | rs1234317 | 171454308 0.04 s 171436775 | -17623 | 20301 TNFSF4 (Intron) 1.339 | 0.0158
rs2205960 | 171458098 0.007 L (158 71502458 | 48080 | 55886 unknown 1162 | 0.851
rs844644 | 171476118 | 6.8E-05 g \
rs10812580 | 171523173 0.05 S AT 11 171520353 | -2820 52581 unknown 1132 | 0.691
9 Al red 171553431 | 30258 27762 unknown 1.152 | 0.0543
SR _ MAPKAPK2
IL10 1931-32 | rs12024653 | 205015165 <0.05 7 ;;‘ 8 | 204882432 | 32733 | 38892 (Downstream) 1.1 0.212
51800896 | 205013520 | 3.00E-02 | 1.5 2006 205018827 | -3662 | 49833 IL10 (Promoter) 114 | 0574
rs1800871 | 205013257 | 2.00E-02 1836
rs1800872 | 205013030
STAT4 2932.3 | rs7574865 | 191672878 9E-14 13952 STAT4 (intron) 117 | 0.00407
27618 STAT4 (intron) 1.37 | 0.05323 |
CTLA-4 2q33 rs231775 | 204440959 | 3.00E-03 21448 unknown 145 | 0.0195
2.00E-03 27356 unknown 1.34 | 0.0513
PDCD-1 2937 | rs11568821 | 242442585 u,mﬁ_ 40425 unknown 123 | 025
0.00 -&‘ 33108 unknown 122 | oan
PXK 3p14.3 | rs6445075 | 58345217 | 7.1E 54897 DNASE1L3 (intron) | 1.08 | 0.80013
g 18015 | FAM3D (Downstream) | 1.36 | 0.01022
BANK1 4q24 | rs10516487 | 102970099 : E‘A‘i 51399 unknown 1.08 | 0.63671
‘ 5614 BANK1 (intron) 1.36 | 0.00022
TNFa 6p21 31800630 | 31650455 0.009 6653 unknown 1.59 | 0.00041

n
@



|  rs1008888 31650546 - 37918 unknown 1.2 0.193
van der Linden MW :
rs1800629 31651010 <005 | 37 et al., 2001 rs 1996886 31650546 484 379186 unknown 1.2 0.193
0.001 2.3 | Parks CG elal 10521977 | 31659384 8374 36274 DMD (Intron) 1.28 0.162
0.0001 | 26 ‘
2361525 31651080 0.02 36 31650546 534 37916 unknown 1.12 0.183
31 8304 36274 unknown 1.26 0.162
al.)
p<0.05 b 31648627 -335 5953 unknown 1.6 0.00041
Bp21.32- ; -
HLA 33 rs2187668 32713862 3E-21 32521437 | 192425 29205 | HLADRA 1.13 | 0.06621
11270842 32026839 1.71E-51 | 24 g 31838993 | 187846 | 24735 MSHS (Downstream) | 1.29 | 0.03445
‘ 93 | -195654 | 41850 PPT2 {promoler) 111 | 0.28868
rs3131379 31829012 1.71E-52 | 2. i3 1554775 | 274237 56725 unknown 1.1 | 0.88721
5 A rs? 31838993 | -9981 24735 MSHS (Downstream) | 1.20 | 0.03445
X B e i %
ITPR3 6p21.31 | rs3748079 33696125 g‘.gr‘a 34 h 'Q&’{'— 33693234 2891 40860 unknown 1.114 | 0.282
+ 722NN ) rsB31631 33608141 2016 47178 CD59 (Intron) 1.086 | 0483
¥ 35 ARHGAP12
TNXB 6p21.32 | rs1009382 32134085 | 5.186-06 008 . 32132383 1702 13059 {Downstream) 1.432 | 0.00323
— 32138205 4120 19987 CHRMS 1.825 | 0.015
191275 -3151 27806 LARGE (Intron 1511 | 0.0547
: 1 138010273 1366 51467 unknown 1.093 | 0.839
rs2230826 | 138237759 0.0003 2 19416 38229507 | 8252 12131 unknown 1.251 | 0.00249
rs2925216 | 138249226 | 11467 7484 unknown 1.714 | 0.00052
rs6922466 | 138486623 1 174 | 7449 14422 unknown 1.281 | 0.00457
ﬁu 1391 4262 unknown 1.577 | 0.0001
IRF5 7q32.1 | rs10488631 | 128381419 rs7792282 | 128336804 | 44615 10604 unknown 1.32 | 0.00158
rs 1504323 1285463097} -164880 6683 unknown 1.55 | 0.00036
rs729302 128356106 10604 unknown 132 | 0.00158
rs1594d2 | 190113 6683 unknown 1.55 | 0.00036
rs10279821 | 128470783 rs7792282 | 128336804 | 133979 10604 unknown 1.32 | 0.00158
rs1594423 128546309 -75526 8682 unknown 1.55 | 0.00036

09
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rs12537284 | 128505142 | 381E-19 | 15 rs7702282 | 128338804 | 168338 | 10604 unknown 1.32 | 0.00158

51504423 | 128546309 | -41167 6683 unknown 1.55 | 0.00036

cBorf13-BLK | 8p23.1 | rs2736340 | 11381382 4E07 | 1.4 11323556 | 57826 9055 CBorf13 (Intron) 1.56 | 0.00093
11422122 | -40740 | 21102 BLK (Intron) 12 | 0.01866
rs13277113 | 11386595 BE-0B | 1.4 11323556 | ©3039 9055 CBorf13 (Intron) 1.56 | 0.00093

11422122 | -3ss27 | 21192 BLK (intron) 12 | 0.01888

10q11.2- MBL2 {Intron

MBL q21 rs1800450 | 54201241 | 1.008-03 | 1.4 54108304 | 2037 21330 (boundary)) 138 | 0.0191
54206225 | -4984 28585 unknown 1.24 | 0.0806

FAS 1024 | rs1800882 | 00739943 0.004 90730801 142 26791 unknown 126 | 0.0471
90740505 -562 15685 unknown 1.38 | 0.00612

rs9333206 | 00752838 | 1.00E-02 | 5 dl. 18 50205 2633 27720 FAS (Intron) 132 | 0054

s | oo760418 | 7581 56261 SRDSA2 (Intron) 111 | 0.884

rs3218612 90757462 1.00E02 | 5 al; L 50205 7257 27720 unknown 1.32 | 0.054

- 90760419 | -2057 56261 | FAS (Intron (boundary)) | 1.11 | 0.864

KIAA1542 | 11p155 | rs4963128 579564 3,006-10 | 08 o 1938894 | -1350330 | 24115 | MRPL23 (Downstream) | 1.13 | 0.0311
ITGAMATGAX | 16p11.2 | rs0037837 | 31208440 7E07 | 1.3 2008 . | 20563711 | 1642729 | 26203 BOLAZ (Intron) 1.16 | 0.04328
s A 18214 31637053 | 430813 | 42326 ZNFT20 (Intron) 1.06 | 030189

rs11574637 31276375 5E-07 1.3 TR 136 29563711 | 1712664 | 26203 BOLAZ (intron) 1.18 | 0.04328

T i 1 31637053 | -380678 | 42326 ZNF720 (Intron) 1.06 | 0.30199

ITGAM 16p11.2 | rs0B88730 | 31220754 | 1.61E-23 | 1.6 Harley 38,2008 — 184 20563711 | 1657043 | 26203 BOLA2 (Intron) 1.16 | 0.04328
P 31637053 | 416200 | 42328 ZNFT720 (intron) 1.06 | 0.30199
51143678 | 31250506 | B50E-t4 | 14 711 | 1686795 | 26203 BOLAZ (intron) 1.16 | 0.04328 |

o — 053 | -386547 | 42326 ZNF720 (Intron) 1.06 | 0.30199

rs4548803 | 31271994 | 2.36E-12 11 | 1708283 | 26203 BOLAZ (Intron) 1.16 | 004328

- T~ 31637053 | -365050 | 42326 ZNF720 (Intron) 1.06 | 0.30199

rs1143679 | 31184312 | 1.70E-17 | 1.8 rs1364184 | 129563711 | 1620601 | 26203 BOLA2 (Intron) 1.16 | 0.04328

rs2141349 | 31637053 | -452741 | 42326 ZNFT720 (intron) 1.06 | 0.30199

¥ Sigurdsson S et al,,
TYK2 19p13.2 | rs2304256 | 10336652 5.6E ) i : ~ 264 14871 unknown 1.3 | 0.00515
ﬁ | d%—@: 4709 | 26749 unknown 1.18 | 0.0469
Sj Sigurdsson S et al.,
rs12720356 | 10330075 | 0.0001 2005 ¢ rs1580004 10326996, |, 2979 45709 unknown 1.16 | 0411
- AEB A0 3433 20005 unknown 125 0.0178

T
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2. Candidated genes in chromosome 1

We focus on chromosome 1 since several regions (1923, 1g25-31 and 1g41-42)
have been confirmed as major susceptibility loci to SLE development. In our study, 118
SNPs lying on these loci were selected for further analysis. We only interested in SNPs
that were in the gene regions (promoter (5'UTR), exon, intron, and 3'UTR) based on
biological reasons that these SNPs might be functional SNP. From 118 significant SNPs,
48 SNPs from 26 genes were selected (Table 20). There were 8 genes that seem to be
important in SLE including CD1A ‘ NOS1AP, NPHS2, PYHIN1, RGS16

and TLRS. However, we partieu nctional SNPs according to

SFEWere O yw:ached the last criteria. The
on of CD1D gene and away
77/ B\ \ \

/ xi ogramipredicted that this SNP could

computational predictions:
first SNP was rs10489821 y
from exon 1 approximatel

change transcription factg is CD1D gene is presenting

A\

glycolipid to T cell receptogof e activation (Zajonc DM and

Kronenberg, 2007). Severajfey e \ >D1D might play an
immunoregulatory role in the example, a study has shown that

ce induced by the hydrocarbon oil

,-;-.-— .
pristane (Yang JQ et al., 2003} fhefiexi twa'SNPS in.intron were rs1858233 of NOS1AP

CD1D deficiency exacerbatés lUigtis-

(1,083 bp away fro ”\rf 1O} ang rseonus ?'"""“3"*““’5' away from exon 7). They
0 inﬁit& and SC35 regulatory
factor binding site, reapegively NOS1APis 1tric oxide synthase 1 (neuronal) adaptor

protein which nﬁ% WW w Mﬂtﬁe renal disease (ESRD)

and lupus nephftls (Freedman BI et%j 2000, \fazgmurakls Vetal., 20!]?} For PYHIN1

or fFthglswﬁTﬁ Q|ﬁwww|ﬂm a’uﬂnctlon of IFI200

family is @ell cycle regulation (Ludlow LEA et al. 2005). Several evidences have

were predicted that th

supported the importance of this gene in SLE. For instance, data from lupus murine
model has identified IFN-inducible protein 202 gene (ifi202) as a candidate for lupus
susceptibility (Rozzo SJ et al., 2001; Choubey D et al., 2002). This gene is homologous
to human IFN-inducible genes (MNDA, IFIX, IFI16 and AIM2) and located on
chromosome 1 similar to human. Another one was nonsynonymous SNP rs2072493
resulting in asparagine to serine alteration at residue 592 of the TLR5 protein. TLRS5isa
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member of the Toll-like receptor (TLR) family that play a key role in the activation and
regulation of both innate and adaptive immune responses (Rahman AH and Eisenberg
RA, 2006). The details of genes and selected SNPs on chromosome 1 were shown in
Table 21 and the number of SNPs that passed each criteria was summarized in Table
22,

AULINENINYINS
ARIAATAUUNINGIAY



able 21 The details of genes and selected SNPs on chromosome 1

mummmmcﬁw

MAF | Gene

Functional SNP

Intron

510495272 | q42. (boundary)
310495265 | g42.13 | 1.9619179 3.14E006 | 0.33 0.23 | 0.2619 Intron
q23.3 | 1.403413 9.63E-005 | 037 | 031 | 0.4048 Intron
110405208 | q42.2 | 1.6489747 4.536-006 | 0.23 0.31 | 0.1071 al Intron
16608107 | q23.3 | 1.4489556 5196005 | 034 | 0.28 | 0.1071 : IN RECEPTOR FAMILY, MEMBER 2 Intron
14038287 | q23.3 | 1.2870232 1646008 | 0.61 | 0,67 | 0.1785 | GoRodl A Disicolonmi bol bl "'L"E"“n TOR FAMILY, MEMBER 2 Intron
499385 | g42.12 | 1.6148655 5.036-005 | 0.22 0.16 | 0.0952 | ENaM & [JENAE mmﬁ- ROSOPHILA, HOMOLOG OF Intron
110489327 | q25.1 | 1.2647954 575E-005 | 04| 045| o025 WY Intron
11395548 | q23.3 | 1.445604 331E005 | 04| 034 | 0.2262 ON FACTOR 1 m

13737297 | 41 2.01211 226E-005 | 035| 026 0.131 EEINITY-REGULATING KINASE 1 (boundary)
4131748 | g41 1.5020834 1.956-005 | 045 | 053 | 0.4405 terminal domain containing 1 Intron
11330224 | q25.3 | 1.6253811 7.08E-005 | 032 | 0.26 | 0.2857 | NMNAT2 OTIDE ADENYLYLTRANSFERASE 2 Intron
| 1.5358908 Intron

953274

EQTIDE ADENYLYLTRANSFERASE 2

pecanex-like 2 (Drosophila)

7541396

1.3835848

6.04E-006

0.25

0.2262

pecanex-like 2 (Drosophila)




57550168 422 | 1.4638134 503E-005 029 037 025 PCNXL2 ecanex-ike 2 Droso hila Intron _ -
34655345 41  2.0114131 3.73E-005 u.s1 041 04762  PTPN14  PROTEIN-TYROSINE PHOSPHATASE, NONRECEPTOR-TYPE, 14 Intron ST
510494976 41 1.04135? 6.76E-005 u.u u 1420 PTPN14  PROTEIN-TYROSINE PHOSPHATASE, NONRECEPTOR-TYPE, 14 Intron =
510494979 1.94E-005 'IHT | PROTEIN-TYHOSINE PHOSPHATASE, NONRECEPTOR-TYPE, 14

5 i
__----- L " ] AR ,.f;.’a' 2 g ol L ) ——
| I .!-_“--- e Tale 5 T Lo - 0
i

$10494566 ] 0.131  Intron

10494567 25,3 ,uanma_ 111E-qp_=_5 ura ' u_as 0.131 _ Intron -
10494568 = 25.3 | 1.6029457 6.42E-005 073 081 0.1071 stimulator-iike 1 Intron -
110494569 = 253  1.4973532 3.71E-005 n.aa nz' umu stimulator-iike 1 Intron .

13010062 925.3  1.5447787

Mﬂ“ﬂﬂ-- Ty EY, ,
A ,L,.;..._ ALTRRONE. -
mmm---- I J A BN

Wt

wsum za.a 13234435.. .B-nmus-. 0.39 D.—ﬂ.‘ ms?:.. RGSS b s fotlin sk nallp 5; associated with arterial wall disease S

4307613 41 1.7656219 8.30E-006  0.43 033 0.131 SPATA sls assocaled 17 ;novel a o totic eneins em Intron -

110495071 | 41 | 1.7613885 923E-006 033 024 0122 SPATAI}  s-emaio-enesissssocialed 17 ;novel a o tolic -eneins em Intron -

10495073 = 41 1.4134048 1426005 035 029 | 0131 SPATANT Llesfma § aedhciated 17 mnovel a o totic eneins em Intron 3 =

aﬂ?ﬂaﬂ-fﬂ 41 1 mazsa 'JII-E D,Jﬂ ( llﬂ1 de BPhT.ﬂﬂ = d 17 ;novel a o totic mh! am Intron - L4

_l--—-- S AT okl s ot S o noe s [t
1?&8-5512 D.51 : hh‘_r.'_l'l -

m1r4n_ 41_ 1.487409 5.455005 0.15 _u__,11 u.u11a_| _______ Inron -

1323023 | 4213 14692737 6.19E-006 = 0.67 06 0.1786 Promoter .

ﬂumwamwmm
awm\ﬂﬂmumwmaa
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Table 22 The number of SNPs that passed each criteria

Number of SNPs | Criteria of selected SNPs

3814 passed QC, p<0.0001, OR>1.25

358 on chromosome 1

118 within major susceptibility loci (1923, 1g25-31 and 1g41-42)
48 within gene regions (promoter(5'UTR), exon,intron,3'UTR)
14 8 good candidate genes related with SLE pathogenesis

4 NG sccording to bioinformatic tools

Genomic DNA from the
(see in Table 23). In the prast

dividuals we -,‘:H dually genotyped for 4 SNPs
\\\c;\\f\ s from individual genotyping

NN

A

correlated with the pogling

it P
0.950 for case and conffol, § VD

\'- gn coefficient of 0.991 and

N .
\ eraged SEM differences

between two groups wegé'si tion'analysis, only two SNPs

(rs1858233 and rs856084 6 ) were confirmed the
association with SLE, with OR' (98851} = 1 5 .36), p=0.035 and 1.79(1.15-2.77),
p=0.009, respectively. These twSNPs ranlk 72" and 1759" by P value from

pooling results. TheBvalue anc ooOOnn T4 ai0/1 .65 for rs1858233 of
NOS1AP, 0.00000931 '1;‘-' #{X). For other two SNPs, no
significant association was found in rs2072493 of TLR5 and rs10489821 of CD1D.

¢ Q
from

However, the aﬁewﬁ pvlrﬂ m Igﬁqmﬂf al genotyping were

similar to the patigrn pooling approach. alue and OR from pooling results

W WG ieThnien 1M
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Table 23 between allele frequencies from pooling and Individual genotyping _
P value, OR Allele frequency of | Allele frequency of | Odd ratio (95% CI),
Genes | from pooling SNPs Allele case control P value®
pociing | individual | pooling | Individual
qjﬂtﬂ&iﬁﬁ
NOS1AP | 72, 0.0000000174, 1.65 | rs1856233 (CiT) c* 0.53 0.52 0.43 0.41 p=0.035
T 0.47 0.48 0.57 0.59
FYHINT qJﬂtﬂ}&Tﬁ
{IFiX) 1758, 0.00000831, 1.33 rsB856084 (G/T) G 0.38 0.28 0.44 0.41 p=0.008
b 1 0.62 0.72 0.56 0.59
1.41(0.86-2.31),
| TLRS | 1351,0.00000488, 147 | rs2072493(cm) | € | 029 0.2 0.35 026 | p=0.191
T 0.7T1 0.8 0.65 0.74
1.09(0.7-1.71),
CD1D 2012, 0.0000134, 1.680 rs10489821(C/G) f 1 ¢ 0.48 0.44 0.28 0.42 p=0.769
oo INNeF N foss | ose | os2 | oss
| Pearson comelation SO/ AT 0.95 p<0.0001
—_— [ Averaged SEM =
| SEM M— M
. Averaged difference
SEM differences 0.008 = 0.0175

*and " are comparison of alle

* P value was calculated by CLiFs

3. SNPs within PYHINA (IF!

Xba240

individual genotyping data, we faéi

genes, becaus:

il

and IFI16 ganasq]n addition, w

Since PYHIN1 (IFIX) s

ARIANNTIUANRT?

ealhayiieustamng)

s0 summarized hapl

¢ o

€63 ‘ ol from individual genotyping

“Affymetrix 50K Array

iin PYHIN1 (IFIX) group which

ificant association with SLE from

one SNP in MNDA

lock figure (Figure 11).

NY1AY



Table 24 SNPs within PYHIN1 (IFIX) group contained on Affymetrix SOK Array Xba240
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dbSNP RS | Cytoband | Gene Physical OR P-value | Case | Control | Rank by
D Position mean (T-test) RAS RAS P value
52261161 q23.1 mnda 157085948 | 1307085 | ©9.86E-002 | 043 | 04 32118
156689517 q231 | mndadFix | 157088984 | 1.180350 0.962 0580 | 058 58197
rs2106092 q23.1 | mndadFiX | 157000068 | 1696732 | 95606 | 0350 | 027 1770
rs2188114 q23.1 | mndadFiX | 157100374 | 1219154 027 0310 | 033 | 41187
51102024 q23.1 | mndadFix | 157149776 | 1.226506 0.045 0880 | 086 26466
51102025 3.1 | modaiFix | 15wi80d ” f - 507E008 | 024 | 019 1369
rs856111 q23.1 IFIX 4B ; B690E-005 | 065 | 072 3742
rs6675945 q23.1 7168968 E #" 408E003 | 072 | 077 13921
856064 9231 G 157101766 | L3%0640 0316006 | 038 | 044 1758
3861319 q23.1 l';,-i i ; ﬁ\';\t{‘ - 0.424 0720 | 071 46138
51101991 q23.1 78080 IDQ n.um 05% | 05 30375
MNDA _ AlM2
=i
mﬁ- —— e — \‘\ ———— e —
BT e wsiv ol B

/&

R A e )

roEERsgIT
e ] ik
* i
PR
Cod AR e R

_

ARANIUURTINGIAD

Figure 11 SNPs within IF] region contained on the Affymetrix 50K Array Xba240 were
shown. Linkage disequilibrium structure (D') was generated in Haploview based on data

from Chinese and Japanese populations. The darker red color stands for higher LD. Blue

arrows indicate associated SNPs (p<0.01), while red arrows are negative SNPs.




Part Il Candidate gene association study

1. Selected SNPs

We choose 10 SNPs from MNDA, IFIX, IFI16 and AIM2 genes according to

computational prediction as shown in Table 25.

Table 25 Summary of selected SNPs in MNDA, IFIX, IFI16 and AIM2 genes and the

predicted impacts of SNPs.

69

Region Gene and SNP Positior j'," Predicted impact MAF
Promoter | 1. MNDA \ .
2. IFI16 -
2.1 rs4B57618 % AML1a orRUNX1/C:- | 0.41
3. AlM2
31rs1534 %Ah\\\ T- 0.22
Exon
Py # a/Tyrosine) 0.06
2. IFI16 \\\
\ S {Threonine/Serine) 0.33
SIT (Serine/Threonine) 0.21
(damaging/olerated)
3. 4 A
3.1 8idmic acidiLysine) | 0.07
: darrﬁngﬂularat&d]
Intron
m donor site; 0.14
q acceptor site
1 = g
ARTAIN TN RNENRY ..
\ 2.3 rs3754460 A27,140G A:Strengthens SF2-ASF 0.21
binding site
3. IFIX
3.1 rs856084 G13792T T:Abolishes SC35 binding 0.37
site
3. AIM2 ’ .

JUTR - 2
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2. LD analysis and comparison between Asians (Chinese and Japanese) and
Caucasian from Haploview for IFI region (MNDA, IFIX, IFI16 and AIM2)

LD analysis of the 238 SNPs in IFI region for Asians populations (Chinese and
Japanese) and 236 SNPs for Caucasian was shown in Figure 12A and 13A,
respectively. The pattern of LD was displayed as a colored plot. The darker red color
represents regions of higher pairwise D'. In analyzed results, we found 17 haplotype

AULINENINYINS
PMIANTUAMINYAE
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Figure 12B Haplotype blocks of MNDA, J'Fl')a. IFI16 and AIM2 genes for Asians
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3. The results of SNPs analysis

In the present study, polymorphism could be found in all positions unless
rs2276405 of AIM2 gene. In addition, two SNPs (rs6940 and rs3754460 in IF/16 gene)
were not in Hardy-Weinberg equilibrium when compared the observed and expected
genotype frequencies of each SNP (p<0.05). Thus, these 3 SNPs were excluded from
statistical analysis.
3.1 Allelic association test

In our study, there were signific
rs856084 in IFIX gene, rsB66484 and
of IFI16 at position C677 1GrsB66484

iations from three SNPs including

6 gene (Table 26). The G allele

772414) was found to be

yared with.hez ealthy controls (OR = 1.37, 95%

' 8, P=0.02, respectively). In

another significant SNP, t TS ‘. PG13 \ Dﬂd] in IFIX showed smaller
\\ - 25% Cl = 1.01-1.87. In this

significantly increased in

Cl=1.03-1.82, P=0.039,

study, we did not find any allél .w;r*M\ .'

5NPs in MNDA and AIM2

F.l
P

-

genes. F %
Table 26 Allelic association test for EPs of MM 16 and AIM2 genes and SLE
b e
Genes |  SNP Odd ratio (95% CI) | P value | Pvalue
MNDA | rs7513673 | YAZOro4gr 1186 1 110071170 | osw | o072
152276403 _ ; 1.12 (0.68-1.85) 0662 | 0684
IFI1X nm&i]-ﬂ:g 55 | " 02074 | 0. 1j[1.m-1.ar:- 0038 | 0043
. LA P - u 1
IF116 ) ' E 1.0 ) 0.966 1
q c | oser2 | 05887
rs866484 | 157253101 | G 05 0.422 1.37 (1.03-1.82) 0031 | 0039
c 05 0.578
1772414 | 157268831 | G* | 05128 | o0.4274 1.41 (1.06-1.88) oo | o020
A | oasr2 | os72s
A2 | s18841642 | 157313422 T | 04333 | 0414 1,08 (0.81-1.44) 0589 | 0608
G | osesr | oses

* The asterisk indicated risk allele
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3.2 Modeling the pattern of inheritance

By model of inheritance analysis, the association of both SNPs (rs866484 and
rs1772414) in IFI16 gene seems to be recessive effect model. The presence of two G
alleles (GG) conferred the significant P value of 0.009 for rs866484 and P value of 0.013
for rs1772414 (Table 27).

Table 27 Modeling the pattemn of inheritances in SLE and controls

A
’, =200) Control (N=200) P value of model of
Gene SNP Minor a : inheritance
. e Aa | Aa | AA | Recessive | Dominant
MNDA rs7513873 A . Jﬂl ‘ 1 | 45 | 154 NA NA
rs2276403 o 1 o | a2 | 168 NA NA
IFIX rs856084 / ,- ) 7 | 92 | 81 0.050 0.107
IFI16 rs4657618 Y & w34 | 98 | 68 0.788 0.916
rsB66484 M- ' 103 | 62 0.009 051
rs1772414 LA SR 36 | 104 | 60 0.013 0.263
AlM2 rs16841642 1 oy 35 | 102 | 63 0.444 0.830
e Gre
" s ‘_-.I’
eI
3.3 Conditional a
In conditiona ; rlificant SNPs conditioning
each other to dalarmin@hi'ch gest @'lmbutinn to the association

(Table 28). In this study, westill found signifigant association of rs866484 (P value from

001211 000 S I TN bR Foeoss) woen

conditioning on &5&0&4 Similarly, when we tastaarsaﬁﬁﬂﬂd conditipning on rs866484

snd M’QEW e iRt Fap e i} Bebs ove

indepan nt effects of each gene contributing the positive association.
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Table 28 Conditional logistic analysis for all SNPs with single-marker allelic p<0.05

Gene SNP P value P value P value
Without conditional Without conditional Without conditional on
conditional | on rs856084 | conditional | on rs866484 | conditional rs1772414
IFiX | rsB56084 NA NA 0.01291 0.01271 0.006033 0.003302
IFI16 | rsB66484 0.01271 0.01291 NA NA 0.7412 0.2677
rs1772414 | 0.003302 0.006033 0.2677 0.7412 NA NA

3.4 Pairwise linkage disequil
In this study, pairw

Table 29 Linkage disequilibrium coe

» complete LD among all
icant SNPs of IFI16

able 29). For another
66484 (D'=0.2078 and F* =

ong SNPs within MNDA, IFIX, IFI16 and AIM2

=
rs751 ‘;{_ T — S5761B=—(s806484 151772414 1516841642
(MNDA) T4 (K i Fi16) @ (FI6)  (AIM2)
7 (s7513873 - 08078 00083 0.1750 04036 02959  0.2646
12276403 ¢ 3810 00485  0.0464
oo FPW AN ETIWENLL s oz
rs4657618  0.0040 00134  ©.1707 & 03913 004834 03125
o WS TS AN T S e oo
1772419 00107 00004 00690 02187 06253 - 0.7794

rs16841642 0.0090

0.0004

0.0542

0.0966 0.4434 0.5748 .
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3.5 Haplotype analysis for rs856084, rs866484 and rs1772414

In the present study, we performed haplotype analysis only significant SNPs:
rs856084 in IFIX gene, rsB66484 and rs1772414 in IFI16 gene. There were 4 common
haplotypes (MHF >= 0.05) including GGG, TGG, GCA and TCA. The TCA was the
mostly frequent haplotype (39.37%) followed by TGG (18.91%), GGG (18.51%) and
GCA (13.11%). To test the association of haplotype and SLE development, we

compared each tested haplotype \ 3 haplotypes between SLE patients and
controls. Our finding demonstgated th S8s 2 risk haplotype with OR of 1.88

and P = 0.001, whereas haplntype with OR of 0.44
and P=0.004 (See in Tab \\\
Table 30 Ha * ysis for rsi ...ﬁ.‘ h,{‘* 8664 and rs1772414
{1 "' & &\
woore | Jof 2 ARy on | oume
GGG " i} Jﬂ ! 0.92 0.710
al s e a
TGG® . Z@.T_ ‘ 39 1.88 0.001
GCA® 072437 0.44 0.004

0.90 0.490

-TE-: 5, respectively.

e ELME BTN TUELLOT e
o) WEN P F N (101} N

compared each tested haplotype with other three haplotypes between SLE patients and
controls. Our finding demonstrated that the GG as a risk haplotype with OR of 1.41 and
P=0.017, whereas CA was displayed as protective with OR of 0.73 and P=0.032.
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Table 31 Haplotype analysis for rs866484 and rs1772414 of IFI16 gene

HAPLOTYPE Haplotype frequency OR P value
SLE Control
GG 0.4594 0.3739 1.41 0.017
CG 0.05342 0.0535 0.99 0.996
GA 0.83 0.614
CA 0.73 0.032

3.6 Conditional haplotype=bases
To test whether We suilfs ol for haplotypes of SNP.
In our results, we found*™

all three SNPs. This sug

pe effect when conditional on
nt in haplotype association.

rs1772414 ¢ 0.044682, Qs
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3.7 Clinical manifestation analysis

In this study, we obtained clinical data of 148 patients with SLE as shown in
Table 31. There was a significant association between the G allele of rs866484 and
rs1772414 with arthritis (OR = 1.77, 95% Cl = 0.99-3.18, P=0.039, Pc=0.054 and OR =
1.86, 95% Cl = 1.04-3.32, P = 0.025, Pc=0.035, respectively). The effect of the G allele
was similar to the autosomal dominance in which the presence of one G allele (CG
compared to CC for rs866484 and AG compared to AA for rs1772414) conferred the
0.003, Pc=0.005 and OR = 3.24, 95%

evertheless, significant value was
slightly declined when compared G and" '_- Jenotype for rs866484 (OR =
3.16, 95% Cl = 1.33-7.55, B, ompared AG and GG with AA for
rs1772414 (OR = 3.10, 955 6=0.010). Genotype and allele
frequencies of SNP rs8664

e in SLE patients with and
without arthritis were s

1) [

Table 33 Clinical & E (n=148)

mber of patients with SLE (%)

Clinical manife ’EE

Malar Rash . s ?»

107 (72.30)

9 (39.86)

Aisitivi @ EU (40.54)
al Ulcers 68 (45.95)
E. -
n 21 £Y&76-25)
| = TR
Pleufisy or Pericarditis 8(5.41)
=~ S

q ' Neurologic Disorder 14 (9.46)

Hematologic Disorder 108 (72.97)




Table 34 Genotype and allele frequencies of SNP rs866484 and rs1772414 of IFI16
gene in SLE patients with and without arthritis

Gene SNP Genotype |  Arthritis (%) No arthritis (%)
N=113 N=35
IF116 rs866484 cc 26 (23) 17 (48.57)
cG 55 (48.67)"° 9 (25.71)
GG 32 (28.32)° 9 (25.7)
‘ 107 (47.35) 43 (61.43)
G g (52657 27 (38.57)

51772414 e AA Y | Z22049.47) 15 (42.86)

a%ﬁ&?ﬁ 14)™ 12 (34.29)

o 7/ AN T 8 (22.86)

(AN (6

£ 1T\ 2ol 28 (40)
* CG compared with C@fgegBtyge: R 4004 95% B! =1.44:11.32, P = 0.003, Pc=0.005.
® GG+CG compared with @& gBnlyAE DR =8.16. 9 1.33-7.55, P = 0.004, Pc=0.007.
° G compared with C allele: R = 7 = 99-3.48, P = 0.039, Pc=0.054.
“ AG compared with AA ge ,Cl = 1.20-8.85, P = 0.009, Pc=0.018.
*GG+AG compared ith 1.3#-7.59, P = 0.005, Pc=0.010.

' compared with A sfsiere 5 25R01025, Pc=0.035.

e TN (1) e T2 e SO
e TR T T T

multiplicative model.




4. Functional characterization

4.1 The effects of SNP rs1772414 (A23201G) of IFI16 and rs856084 (G13792T) of IFIX
on the ratio of splice isoforms

To test the effect of SNP rs1772414 genotypes, we measured the ratio of short
product (B or C isoforms) to full-length product (A isoform) in leukocyte from patients
with SLE containing different genotypes (AA, AG and GG). There was no significant

found the high correlation of C
destatistical significance
(p=0.008) when compare : : e (Fig ,- e FOr IFIX, the ratio of short
product ( B isoforms) to f
(Figure 16).

\ d not differ among genotypes

1.20+

E 1.156+

g 1.10-

guu- \7
ﬂu&fﬁﬂﬁlﬁﬂw’fﬂ‘i

SNP rs1772414 genotype 0 of IFI16

ﬁW’\’ﬁﬂ‘ﬁ SRR AP e o

grouped by SNP rs1772414 genotype of IFI16 gene
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p=0.008
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Figure 15 The rali@'o Ull-length product (A isoform)
grouped by SNP rsf772¢
1.25- Y -
1.20- =
Eus— a8 y
< 1104
o
'E 1.05-
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SNP rs856084 genotype of IFIX

Figure 16 The ratio of short product ( B isoform)/full-length product (O isoform)
grouped by SNP rs856084 genotype of IFIX gene
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4.2 The effects of non-synonymous SNP rs866484 (C6771G) of IFI16 in apoptosis
Since SNP rsB66484 of IFI16 gene altering amino acid at position 179 from

threonine to serine was found to be associated with SLE susceptibility and clinical
manifestation. In addition, this SNP is located on p53 binding site of /F/16 gene and the
p53 is known to be important in the regulation of cell cycle and apoptosis (Choubey D et
al., 2008). Hence, the association of SNP rs866484 and apoptosis in PBMC treated with
p53 inducing agent from healthy individuals containing different genotypes was

investigated. )

In this study, the cun"\'“ '--.. detetmufied lobe effective to induce highest p53
expression in dose (1, 10 and-tpg ml}-jnd ‘ﬁd 24 hours) response
experiments. Our finding showeCGdfiat PBMCs treatec w;‘ doxorubicin at a

concentration of 10 pg/m! far24

/b

: ‘ 753 mRNA expression (Figure 17).

Moreover, the association oSN apoplosis was studied using flow

N

cytometrical analysis (Figurg™ 8) IF the présent ¢ ere was no significant

difference between any iFl7160e80 ,3 7 318 (Figure 19).

Figure 17 Relative expression of p53 mRNA (log2_ddCT) in PBMCs after 8 and
12 hrs of treatment with 0, 1, 10 and 100 pg/ml doxorubicin
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Figure 19 The effect of SNP rs866484 genotypes (CC, CG and GG; N=5, 6 and
5, respectively) on apoptotic response of healthy PBMCs treated with 10 pg/ml

doxorubicin for 24 hr.
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4.3 Impact of AIM2 promoter SNP rs2276405 at position G-151T in binding of nuclear
proteins and mRNA expression

The binding of nuclear proteins to AIM2 promoter at position G-151T by EMSA
According to TFSEARCH program, it predicts that SNP of AIM2 gene at position
G-151T could change transcription factor AP-1 binding as shown in Table 1.
Interestingly, previous study has shown that AP-1 play an important role in regulating the
expression of IFI16, which is a memb“‘r IN-200 family similar to AIM2 (Clarke

CJP et al., 2003). Thus, our studrq e this polymorphism within the

promoter region of the AIM2
Although SNP G-151T of

mtaht nscnption factor AP-1 binding.
a ocmm susceptibility, it might be

rb;ing c%r proteins to AIM2 promoter

useful for studying in ot

at position G-151T was

2"y 4s ¢7 8 9 10|

Figure 20 EMSA of SNP ot position G-151T in AIMZ promoter. Lanes | and 6 show the mobilities of the
labeled oligoumclectides without nnclear extracts: lames 2 sud 7 present the mobilities of the labeled
oligonncleotides with unclear extracts in the absence of competitor. Specificity of miclesr protein binding is
demonstrated by competition with 20-fold wolar excess of nulabeled oligonncleotides contnining the T allele
(Laoes 3 and 10), G allele (Lanes & and 8) and mutant allele (Lanes 4 and 9).
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The effect of SNP G-151T in AIM2 mRNA expression

SNPs in promoter region usually led to different mRNA level which result from
changing transcription factor binding site. In this study, we characterized mRNA level
of AIM2 gene in LPS-stimulated B cells from individuals with different genotype (GG, GT,
or TT). It seems that B lymphocytes from individuals carrying GG and GT can be
stimulated to express AIM2 more than TT with statistical significance, P = 0.034 (Figure
21). However, please note that we only have 2 samples of TT genotype.

Figure 21 Effect ufSN&dﬁ O of the M@ gene in unstimulated B
lymphocytes (non-stim) ant B, lymphocytes stimulated with 10 mg/ml lipopolysaccharide

) St s s g 5 e

maunhvalnf Mraﬂszlmﬂmawdmmmllmdhﬂata-

mmmmmmummmaa
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Part 11l Expression profile study

To further understand the role of these genes in SLE, we studied the expression
of MNDA, IFIX, IFI16 and AIM2 genes from various cell types (leukocytes, B
lymphocytes, T lymphocytes and renal biopsy tissue) in patients with SLE compared to
healthy controls.

1. MRNA expression of MNDA; R - d AIM2 in leukocytes

The mRNA expressign FLEEING AIM2 genes was significantly

"-T..Q ]
increased in leukocytes (buffy caatrfrom patiemtsswill SLE (N=20) as compared to

7

normal controls (N=9) withp=0 Go0s 1 008 aekR,0003, respectively (Figure 22-

25). In addition, we alsoj £l16 and IFIX isoforms in
leukocytes from patients y teols (N=9). In our results, we
found the B and C isoform e atients with SLE were
significantly higher than ho and 0=0.049, respectively (Figure
26). For IFIX, B isoform (shg '-'-' i d t0lbe decreased in patients with

SLE as compared to normal con '-::E:.;:i-.-??; Flgure 27).

EI’J‘VIEJ"M Eﬁﬂ

m%nium Fenae

Figure 22 Level of MNDA mRNA in leukocytes from 20 patients with SLE and
9 normal controls.
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normal controls.
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Figure 25 L lin leukbeytes. from 20 patients with SLE and 9

1.2+

ratio of IFI16 isoforms

YsoformB/A ¢ Isoform C/A

RIPINTUUYANLIAD

Figure 26 The ratio of short product (B and C isoform)/full-length product (A isoform) of
IFI16 gene in leukocytes from 20 patients with SLE and 9 normal controls
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Figure 27 The ratio of she
gene in leukocytes from &

2. mRNA expression of | \ and T lymphocytes

The expression iff B ng quantitative real-time RT-
PCR. In this study, we didMol#oungi§r i s of all 4 genes in both

subpopulations between SLE an EsRar G Ure 28-31).
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Figure 28 Level of MNDA mRNA in B and T lymphocytes from 10 patients with SLE (5
inactive and 5 active SLE) and 5 normal controls.
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Figure 3% Level of IFI176 mRNA in B and T lymphocytes from 10 patients with SLE (5
inactive and 5 active SLE) and 5 normal controls.
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tissues from SLE patient willi refiatmanifest 5 \ dgmal controls (Figure 32-35).

3. mRNA expression of MND /
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Figure 32 Level of MNDA mRNA in the renal biopsies from 14 lupus nephritis
(LN) patients and 5 normal controls.

mRMNA expression of MNDA
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CHAPTER VI

DISCUSSION

Currently, genome wide association (GWA) study has ameliorated our
understanding in genetics of SLE which is a complex disease. We have learnt

from recent publications of GWA st ds ratio of SLE susceptibility
genes from these studies is nds sample size is essential to
obtain enough power (Harlgy 008, mn et al., 2008; Kozyrev S

et al., 2008; Musone SL A rapal Icome Trust Case

Control Consortium ( >Othat studiediseven complex human diseases
including bipolar disorder, @b
hypertension, rheumatald ag
showed low OR and s s are needed to

pl Consortium, 2007). In

increase power of detectian
our study, we performed gent
SNPs associated with SLE suscepiibiiil

pn genomic DNA to search for
ing approach. Although this
BOLM et al, 2005;
Brasert W et al., 2008), the
limitation is that pooled BNA can be used to estimate only @llele frequencies, but

e R A
BN, 13 e V) B 10T

was genotyped on Affymetrix GeneChip Human Mapping 50K Array. This array
could genotype only 58,960 SNPs which is not covered whole genome. At

approach have beenon

Johnson C et al., 2006, ' o5

present, more than 1 million SNPs can be genotyped by Affymetrix or lllumina
platforms which are now readily available. Another important limitation of our
GWA study is the small sample sizes, which are underpowered to detect SNPs
with modest effect sizes. With all these limitations, we could not identify any SNPs
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with distinct p-value. The top 50 SNPs from our GWA study did not reveal any
potential important SLE susceptibility genes. We then focus only on major
candidate genes previously reported in the literatures.

The analysis of our pooling GWA result compared with known candidate
genes suggested that TNFb, HLA,TNXB and TNFSAIP3 genes are important
candidate genes in Thai population giving positive association with p-value (by t-
test) less than 0.0001. Interestingly, the best one is a SNP within the HLA region,

rs10484561 ranking as 342™ with Of =228dndp=27x 10" in consistent with
previous observations confirming the significénGe ;

autoimmune diseases (WeNEOMERES! CBe C@nium 2007; Burfoot
RK et al., 2008). Previous asstielation with St Thai population reported
that DRB1*1502 - DQB1* (8t
susceptibility to SLE (Sirikqal Mefal
association of DRB1*150.
Chinese (Lu LY et al., 1987).

\ at confers

conl"nned the
. R ly reported in Taiwan

rHEA v.: sian are different from
SCE Wl

HIGSH NQ A
ol S|

Caucasians. Several repo '
HLADRB1*0301 -DQA1*050

DQB1*0602 haplotypes are signi

/ed that the frequencies of
RB1*1501 -DQA1*0102 -
patients (Black CM et
al., 1982; Brennan P Bl Shi00r-atii-villa-sid-etan=taed rsuchiya N et al.,
v iy
2001). This might sugg _ . fﬁnt genes closely link
with HLA might associate g(lth SLE in Asian ::l:anJPared to Caucasian. Other
F-9

A 1KLL LA L ——

can not use rankifih as main criteria lnojhls case. Hawaven the SNPs within these
R A
of th::a;ws from themus ones as wm:Je dﬁﬂﬂﬂut@& block
structure among ethnic group are main factors contributing to association resuit.
Therefore, negative results from our pooled GWA did not exclude the importance
of some genes e.g. STAT4 and ITGAM. We have investigated previously reported
SNPs within these two genes in 278 patients with SLE compared to 383 normal
controls. We found that SNP rs7574865 in STAT4 showed significant association
with SLE with OR (95% Cl) of 1.75(1.40-2.19) and P=8.55 X10". For ITGAM, four



SNPs were found to be associated with SLE including rs1143679, rs9888739,
rs1143683, and rs1143678 with OR (95% CI) of 3.10(1.61-5.98), P=4,1X10";
2.58(1.49-4.44), P=4.4X10"; 2.38(1.47-3.84), P=2.7 X10" and 2.84(1.65-4.90),
P=9.4 X10°*, respectively. In summary, we confirm positive association of STAT4
and ITGAM with SLE in Thai population (Yang W, manuscripted in preparation).
Besides examining previously reported candidate genes from association

studies, we also focus on genes within important susceptibility chromosomal loci

that have been mapped previous ,“ ’ , . we are particularly interested in

EW genes based on their
@ resull of m model. Based on

5 'genes tha can be further studied.

chromosome 1 as a model.
potential important function™
table 21, there are at least £
However, due to limited b 2 functional SNPs from 4
“' ,D1D) R further validation by

-- ed that the allele

different genes (NOSTAP,
individual genotyping. ‘Ourifdi
frequency patterns of SNPs @' a| I genotyping were similar
to the patterns from pooling a dy‘a lele frequencies from
individual genotyping correla ed; 2sulls with Pearson correlation
coefficient of 0.991 and 0.950.fgi ase ar

averaged SEM diffe ,.‘ WO-GrouR
showed good curralatlo&n :
previously report. In that s‘tudy they showed ge correlation of 0.903 and

mean ﬂiﬁamncﬁWﬂa %{.lrﬁéﬁ W ﬁ,ﬁﬂu SNP from

NOS1AP and PYHIN1 gave marginal positive assnciatiun by Chf-squara test

o NI RN A TR A Y

surprisingisince these negative findings are likely due to insufficient power to

pectively. Moreover, the

.\";t 175). Our results
ces umen compared with a

detect susceptibility genes. We calculated the power based on our sample size
(N=100 per group), disease prevalence of 60 patients per 100,000 people in
Chinese (Mok CC and Lau CS, 2003), and OR of 1.47 for TLR5 and 1.60 for
CD1D. In this calculation, we only have the power of 45 and 63% with OL = 0.05
for a multiplicative model, respectively. Increasing of sample sizes should be
further performed to improved power of detection.
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In the part of candidate gene study, we focus on IFN-inducible genes
(MNDA, IFIX, IFI16 and AIM2) which have been proposed as new candidate
genes for SLE susceptibility by several evidences. First, data from lupus murine
model has identified IFN-inducible protein 202 gene (ifi202) as a candidate for
lupus susceptibility (Rozzo SJ et al., 2001; Choubey D et al., 2002). This gene is
homologous to human IFN-inducible genes (MNDA, IFIX, IFI16 and AIM2) and
located on chromosome 1 similar to human. Second, IFI16 was identified as new
autoantigen for patients with SLE, up ta 259 74 SLE patients develop high titer

autoantibodies to IF116 proteindSeellg HP 634). Later study has also found
.-J

iﬁwanﬂ-lﬂm IgG antibody

unofiisiochemical analysis, IFI16

NS

levels compared with contrgl

was highly expressed in eg tory infiltrates of skin

lesions from patients with & tly, a recent study of

‘\
gene expression profilés usifig Migroarray Rasfour \ d up-regulated IFI16 in

\ ontrols (Alcorta DA et al.,

2007). From our preliminafy pboling' (WA wé oundigenetic association of IFIX

i

leukocytes of patients with S
with SLE. We then select putati from these 4 genes for further

investigation. From our associz ggest that SNP within JFIX
and IFI16 are both imips:

v,‘ ...... Fare 4SS0k -t W5 S0 b I 3
patients with SLE also sUgges

,* rt in Caucasian

"HE—JFI 16 intergenic
region (Fernando MM et a EEIIZIE (Abstract)). Hawever the LD patterns of these

oo e R VAT P B 2

Although our studly could not identify %;gmﬂcant association of SNP mthln MNDA
R R AN T AN AR e
did not coyer all SNPs Zg;ghaplotype block. In mﬁgﬂm § GWA
study cannot define the importance of region in these two genes since there was
no SNP from our chips in AIM2 and only one SNP in MNDA. In summary, our
approach was trying to select SNPs from candidate genes that might have
function. Although this approach is the most cost-effective method and can be
used to identify potential important SNPs, it did not cover the whole gene and
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relevant haplotype block. Therefore, we cannot rule out the possibility of other
SNPs within these genes that might influence SLE susceptibility.

As for the 3 positive SNPs in our study, since we selected them as putative
functional SNPs, we try to prove our hypothesis as following. SNP rs866484
(C6771G) of IF116 is a non-synonymous SNP altering amino acid from threonine to
serine. This SNP locates on A type repeat containing p53 binding site (See figure
36). Binding of IFI16 protein to the C-terminus of p53 is reported to stimulate the

transcription of pﬁ&mmm@'f/f/mhnmﬂne RW et al., 2000).

resulted in increased u-gscnp ional act P53 and Ieoﬂo susceptibility to
apoptosis of cells (Fujiuchi'Negt al., 2004). Ingur study, we hypothesized that SNP

o716t LB RV INS PELEA R 5 inci

higher affinity an&l lead to more apoptgsis. Consisteqtly, lymphocytgs from SLE
onen AN N 3opb Vs A cbons
with rhem%atu&d arthritis (Emlien W et al., 1994). Increasing of apoptotic cells
might lead to the presence of numerous nuclear antigens at the extracellular
tissue. These autoantigens can thus be presented to autoreactive lymphocytes
and drive the development of SLE disease (Andrade F et al., 2000; Kamradt T et
al., 2001). We conducted our experiment by inducing highest p53 mRNA
expression with doxorubicin at a concentration of 10 pg/ml for 24 hr (Figure 17).

The association of SNP rs866484 and apoptosis was studied using flow



cytometrical analysis. The limitation of our study is that we used doxorubicin to
induce p53 expression, it is not a direct assay to detect IFI16 function. The
present study could not reveal the association between SNP and apoptosis. This
negative finding may be due to the fact that threonine and serine are in the same
amino acid group. Nevertheless, further study should be perform using direct
experiment such as immunoprecipitation or any protein-protein interaction

methods to prove the direct role of this SNP in protein structure that affecting p53

A V///
Furthermore, mew 35 Wn intron including SNP

rs1772414 (A23201G) of IFlié6s ;f‘.z'ﬁ--.v nd rs856084 (G13792T) of
414

binding or not.

-/ 6 gene is known to
" \e‘ an alternative

splicing of mRNA as shol =t mRNA (~2.7 kb) encodes
an open reading frame of 6A isoform of 785 amino
acids. The second isoform | ‘EG%

J—J‘-_
encode a protein of ?29 amma'a’é&lﬁ ¥

theféck of exon 7a (168 bp) to

BC isoform (2019 bp)

lacks both exon 7 an e 3O 3 arming acias "ﬁ’ ein (Johnstone RW
et al., 1998). Our SNP ﬂnc" )i 0 ln‘ﬂm of exon 7, we
hypothesize that this SNP pgaﬁact donors %J’Iir,:e site and lead to the different

e Y B9 o

intron-exon bouritdary approximately 16 kb.

AWIANTN 3T RN A Y

f l’t

SNP rs1772414

Figure 37 Position of SNP rs1772414 in intron of IF/16 gene
(Johnstone RW et al., 1998)
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In addition, our mRNA expression study of /F/76 isoforms found the B and C
isoforms (short product) of IF/16 from patients with SLE were significantly higher
than normal controls. Thus, it would be interesting to explore the role of the SNP
A23201G in the expression of three isoforms of IFI16. Our results showed the high
correlation of C isoform with the G allele, but only AG genotype reached statistical
significance, but not GG genotype. It is not additive effect for this SNP. Itis

ed by other SNPs. There has

possible that the expression of iso e “
been a study that identified SNPs a-__:‘} ula
that study, they found high"E8FElatia Mm close to the intron—
exon boundary (Hull J et g

e splicing of IFI16 gene. In

ould not be detected in
Asian population. There g un!ml splice isoform

pattern, for instance met

Another associale
binding site of SC35 splicir
prediction.

n\ 13792T) of IFIX gene affect

fracce k ng to computational

a g : 3 B9 §: 2 A ra

q W‘ﬂ B 0 A A P

(Ding Y et al., 2004)

IFI1X gene is also known to encode six isoforms (L1, 02, B1, B2, Y1 and ¥2) for
IFIX protein through an alternative splicing of mRNA as shown in Figure 38 (Ding Y
et al., 2004). The C-termini of Ct, B are diverse due to alternative splicing. Exon 8
is absent in isoform B Our SNP is located in intron 7 away from exon 7
approximately 317 bp (See Figure 38). In addition, our mRNA expression study
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found that [3 isoform (short isoform) of IFIX was decreased in patients with SLE as
compared to normal controls. Thus, we also tested the effect of this SNP in the
expression of two isoforms (Ol and B] of IFIX. In this study, we did not find the
difference of isoforms among genotypes. We could suggest that this SNP does
not control alternative splicing of mRNA in /FIX. There may be other SNPs near to
the intron—exon boundary that define the expression of each isoform.

Our restilts could suggest that these are not likely to be functional
' t these SNPs are in

usAIVE.SNPS, In LD and haplotype
liaying important role in SLE

analysis indicated that thezeffay@isi be bther SNPS pie
disease even if they are g f]’f tnkag \\\?&:\s is complex disease,

@lop of SLE. To clarify
the role of IFIX and IFI16 géhemare exten: \ \ using dense SNPs and

linkage disequilibrium (LD} With Shearb

combination of several

increasing of sample siZes afe @quinad Al \
Pz \
Sdis = 2 .
For SNP in AIMZ2 promotérwe-baliaw SNP rs2276405 at position G-

o ' "!-'j" 7 .r

151T should change axpres evide

ces 1) position of

this SNP in proximal hJ*_ oler, 2} Similar re r*ij factor reported in
homologue gene, IFI1EEI3 ke CJP S nlﬁnt correlation
between SNP and mRNA gxpression of AIM2{figure 21), and 4) supporting

oo o 3 3 B IR P o o

expression asaa"lshuuld be further pgrformed to -:uaﬁnn our ﬂndmgclalthnugh

o R MG Pl FEVIA DRI G e
for s’mdyiﬂg in other diseases e.g. breast cancer. There has been study found

that AIM2 suppresses human breast cancer cell proliferation in vitro and
mammary tumor growth in a mouse model (Chen IF et al., 2006).

In this study, we also performed MNDA, IFIX, IFI16 and AIM2 genes
expression analyses of various cell types from patients with SLE and healthy
controls. We found that all 4 genes were up-regulated in leukocytes of patients
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with SLE as compared to healthy controls, but not in lymphocytes and kidney. Our
results confirmed a previous study of gene expression profiles using microarray in
IFI16 gene that found 2.4 fold up-regulation in leukocytes (Alcorta DA et al., 2007)
from patients with SLE when compared to healthy controls. However, the different
mRNA levels of MNDA, IFIX and AIM2 genes between patients with SLE and
normal controls in the study of Alcorta DA et al were not established.

The negative finding in lymphocytes may indicate the importance of these

genes in SLE development via e \\“ ' white blood cell subsets such

i ' fudi t MNDA is
as monocytes and granuloc 1__:-_-&_ a dies reported tha DA i
present both monocytes and granuiocyte; wh xpmssed only in

monocytes (Miranda RN e BE Wei Wu et al., 2003;

Dawson MJ et al., 1998)_F6 A\.\?\ ian of these genes in

both cell types is still uncjgér. Jdy fou \\“\ has a role regulating cell
apoptosis in granulocyte-ré sge pre , bw ‘\ to TNF-related
apoptosis inducing liga 'il" A - : ‘ R ell death (Briggs RC et

ar cell differentiation, by

al., 2006). For IFI16, it plz ole.if ’ . -\
" oteins (Dawson MJ et al., 1998).

modulating the activity of key g :
However, the other functions of T8 i iy are stilLunclear. In order to
better understand t *W : € blood cell subsets
need to be clarified in ﬁ futtre: m

For the negative f;pdmg of these ganﬁ’m kidney indicates that they might

s a4 4 ST 847 1 o

expressed i epfihelial and endothelial cells of skin lesions from patients with SLE
ARG PSRBT ey
unknown However, its expression in endothelial cells is suggested the
implication in immunomodulation, cell growth, and apoptosis by gene array study
in IFI16-overexpressing human umbilical vein endothelial cells (HUVECs). The
functional analysis has indicated that IFI16 regulates proinflammatory genes via
NF-KB activation using a novel mechanism involving suppression of IKB
expression (Caposio P et al., 2007). In addition, transduction of IF/16 into
HUVECs by a herpes simplex virus (HSV)-derived replication-defective vector
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efficiently suppressed the formation of capillary-like structures in vitro and induced
apoptosis (Ravera R et al., 2004).

Moreover, IFI16 and IFI1X gens are known to encode three isoforms (A, B
and C) for IFI16 protein and six isoforms (01, O(2, B1. Bz. Y1 and Y2) for IFIX
protein through an alternative splicing of mRNA (Johnstone RW et al., 1998; Ding
Y et al., 2004). The difference might be limited to particular isoform. Thus, we

isoforms in leukocytes from
\”‘, \\

also analyzed mRNA expression @

patients with SLE compared 4 comparison of ratio

between short product (B 2Ad Clseform an%mduct (A isoform) of

IFI16 gene showed that B 4 of IF -- ~L lients with SLE were

significantly higher than e of different isoforms

is unknown, Nevertheless a stug \ nfnnns can dimerize via

amino terminal region ancifhegé 5 'greable ctwith each other

{(Johnstone RW et al., 1958) . \ 5 1Isoforms might affect
different biological functions : | davelopment. For IFIX, we

-F ; ‘ - :
found that short product {B soform} !- DG anﬁ’y decreased in patients with

5
i g

SLE. In this study, wainterested only ot and 1B ms, of JFIX since Y isoform

has small identity to T-'.‘.,fi_l' 00 family protein ar *T--j' e characteristic
200-amino-acid signat% oteins lDi@Y et al., 2004). The
decreasing of ﬂ isoformssoflFIX was associated with an increased full length

o s i) A ookl o o

suppressor by interaction with HDM2sand lead to p&3 stabilization and activation
o ) S| e b UA L 3 FABS b
incraasea IFIXQL in SLE patients destabilizes HDM2 resulting in activation of p53
and lead to cell death. Increasing of apoptotic cells might lead to the presence of
numerous nuclear antigens at the extracellular tissue. These autoantigens can be
presented to autoreactive lymphocytes and drive the development of SLE disease
(Andrade F et al., 2000; Kamradt T et al., 2001).



CHAPTER VII

CONCLUSION

In the present study, pooled genomic DNA was genotyped on Affymetrix
ed between 100 SLE patients and 100

healthy control. One importaptlimitation oF ) tudy is the small sample sizes,
which are underpowered {g. Py t sizes. In summary, we
could not identify any S -n 50 SNPs from our GWA study

/ -. %‘;\\\\1}!.\\; We then focus only on

\

did not reveal any potentiz \\
major candidate geneS praious \\\ res. The analysis of our pooling
GWA result compareckWit \ \ uggested that TNFb, HLA,TNXB
' \

and TNFSAIP3 genes am irgpc -:af.’l @ \ hai population giving positive
association with p-value (Y t S%E ‘- 0, erestingly, the best one is a SNP
within the HLA region, rs10484567-d consi

the significance of this region io most autgind

3
ith Previous observations confirming
nune.diseases. The distance of these
SNPs from the previgus reéported ones as well as the aifferoni haplotype block structure
among ethnic group 3 o J‘Q ation result. Therefore,

negative results from olr pooled GWA did not exclude the mportance of some genes
o
ant li

Besi i L :
studies, we mmnm romosomal loci that
N
ch e a I. new candidate genes ba eir potential
important function and from result of lupus mouse model. Our individual genotyping
results showed that the allele frequency patterns of SNPs in NOSTAP, IFIX (PYHINT),

rom association

TLRS, CD1D genes from individual genotyping were similar to the patterns from pooling
approach. For future study, the increasing of sample sizes should be performed to
improved power of detection.
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In the part of candidate gene study, we focus on IFN-inducible genes (MNDA,
IFIX, IFI16 and AIM2) which have been proposed as new candidate genes for SLE
susceptibility. From our association results, we could suggest that SNPs within /FIX and
IFI16 are both important. As for the 3 positive SNPs in our study, since we selected
them as putative functional SNPs, we try to prove our hypothesis by conducting some
functional studies. However, our studies can not show that these SNPs are functional

SNPs. Our approach was trying to select SNPs from candidate genes that might have

function. Although this approachis the ' -effective method and can be used to
identify potential important SNP: | & le gene and relevant haplotype
block. Therefore, we canriol fUle.eut the possibility of other SNPs within these genes
that might influence SLE sustept Jince SLE IS eamplex disease, combination of

several functional SNPs gy a€od (o develop of € ‘0 glarify the role of IFIX and IFI16
gene, more extensive seafchifiglisiio tense s andjncreasing of sample sizes are

Interestingly, fo ave that SNP rs2276405 at

position G-151T should sssionléuel based on several evidences 1) position

of this SNP in proximal pmmc:-le -*:m..-u ar regulatory transcription factor reported in
= -*:‘-f# **‘ 4
homologue gene, IFHB, - gen SNP and mRNA expression of

IMEA result, Although SNP G-
septib htym might be useful for studying

AIM2, and 4) suppoiin

151T of AIM2 was nmgsoc

in other diseases e.g. DTQH cancer.

vl TETITITE e p—

from various ca in patients with SLE cnmpared to healthy cnyols We found the
e RRAR I R AR
as These results may indicate the importance of these genes in SLE

development via expression in other white blood cell subsets such as monocytes and
granulocytes. To further understand the role of these genes in SLE, other white blood
cell subsets need to be clarified in next study.

This research provides a better understanding of the disease mechanism by
studying the role of new candidate genes. These might lead to the development of new
therapeutic strategies and prevention in the future.
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APPENDIX A

Reagents and equipments for SNP microarray genotyping of pooled DNA

1. Restriction Enzyme Digestion

1.2 Xba | (20,000 U/mL): New E P/M RO145L containing:
1.3 NE Buffer 2: New Englaris! S to order separately)
1.4 BSA (Bovine Serum

(P/N B9001S to order
1.5 H20 (Molecular Bi Welted) EioWhillakar Molecular@pplications/ Cambrex;

P/N 51200
1.6 96-well plate: MJ R PN MLP-o6 ied\Biosystems; P/N 403083
1.7 96-well PLT. Clear Adhegive Filhsi Appli IBlosystems; P/N 4306311

2. Ligation
2.1 T4 DNA Ligase: New Epglanr.i Biolab {NEB&;}P.-‘N M0202L containing:
F=

22 o @ YR Q ET LTS

2.3 H20 (Molectilar Biology Water): BioWhittaker Molecular Applications/ Cambrex;

SN INANN AN AL

Affymetrix; P/N 900485 available in the GeneChip® Mapping 50K Assay
Kits, P/N 900520 and 900521, respectively
2.5 Thermal cycler (any Pre-PCR Clean Room thermocycler)
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3. PCR
3.1 H20 (Molecular Biology Water): BioWhittaker Molecular Applications/ Cambrex; P/N
51200
3.2 dNTP (2.5 mM each): Takara; P/N 4030, or Fisher Scientific; P/N TAK 40301
3.3 PCR Primer (10 HM): Affymetrix; P/N 900409, available in the Xba and Hind
GeneChip® Mapping 50K Assay Kits, P/N 200520 and 900521, respectively
3.4 Platinum Pfx DNA Polymerasei(25 WHIE) ififagen Corporation,

P/N 11708-039 containing: Y

3.6 All Purpose Hi-Lo D
Direct Load Wide Range
o A
3.7 Gel Loading Solution: Sigma;# _____
3.8 Tubes:
- 8-Tube Strips, Min-we e ',J TBS-0201; Strip of
i
8 caps: MJ Rasaa;gh P/N TCS-0801

e ﬂﬂ@’:’lﬂﬁl'ﬂﬁ“ﬂﬂﬂﬂ‘i

Research; P/N MLP-960

“mmmmmmmimmm

cyclers)1:
- GeneAmp PCR System 9700, Applied Biosystems, or
- DNA Engine Tetrad PTC-225, MJ Research
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4, PCR Purification and Elution

4.1 Manifold - QlAvac multiwell unit: QIAGEN P/N 9014579

4.2 MinElute 96 UF PCR Purification Kit: QIAGEN P/N 28051 (four plates), or P/N 28053

(24 plates)

4.3 Buffer EB (1000 mL): QIAGEN P/N120002

4.4 Biomek Seal and Sample Aluminum Fail Lids: Beckman P/N 538619

4.5 Jitterbug 115 VAC: Boekel & ' ‘*ih* /:-/,4 30

4.6 Vacuum Regulator for usg duming the PCF step. QIAGEN
Vacuum Regulator (use with QlAvae s GIAGEN; P/N 19530
* The QIAGEN protocol reg b does not
have an internally regulals

suggested

fagulator isstrongly

6. Fragmentation ol
6.1 Fragmentation Ream'lt (DNase |): Affyme

51200

64 ﬁﬁsﬁ'}rﬂ-ﬁ ASNRAT DU B

6.5 All Putlposa Hi-Lo DNA Marker: Bionexus, Inc.; 50 - 10000bp; P/N BN2050

6.6 Gel Loading Solution: Sigma; P/N G2526

6.7 96-well plate: MJ Research; P/N MLP-9601

6.8 96-well PLT, Clear Adhesive Films: Applied Biosystems; P/N 4306311
6.9 Thermal cycler



6.10 DNA Engine Tetrad: MJ Research, or
6.11 Gene Amp PCR System 9700

7. Labeling
7.1 GeneChip DNA Labeling Reagent (7.5 mM): Affymetrix; PN 900484,
available in the Xba | and Hind Ill GeneChin® Mapping 50K Assay Kits,
PIN 900520 and P/N 900521, resgee Ill'i‘r

7.2 Terminal Deoxynucleoticyl Transferase (S0-UAICE Affymetrix; P/N 900426,

available in the Xba | and Hind&sneChip® Mapping 50K Assay Kits,

P/N 900520 and P/N 9005247 TesPaciivel \
7.3 5X Terminal Deoxynugle "f/’(}‘fi STASE \ JAffymetrix; P/IN 900425,

fer A
o/ v “\' I \“-\: MSEY Kits,

available in the Xba | and 3
P/N 900520 and P/N 9005

8. Target Hybridization
8.1 5SM TMACL (Tetramethyl Ammonis Sigma; P/N T3411
8.2 10% Tween-20: .,,,_.;:—-_'_ Gul) LSUNatiamps;, GHASD 14 3% in

molecular biology g vli"' :
8.3 MES hydrate SigmaWitra: Sigma; P/N M5287

BTN NN
el IR A 1IN A Y

8.8 HSDNA (Herring Sperm DNA): Promega; P/N D1815

8.9 Human Cot-1: Invitrogen; PN 15279-011

8.10 Oligo Control Reagent, 0100 (OCR, 0100): Affymetrix; P/N 900541,
available in the Xba and Hind GeneChip® Mapping 50K Assay Kits,
P/N 900520 and P/N 900521, respectively

127
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9. Washing, Staining and scanning
9.1 Water, Molecular Biology Grade, BioWhittaker Molecular Applicatiéns / Cambrex, PN
51200
9.2 Distilled water, Invitrogen Life Technologies, P/N 15230147
9.3 20X SSPE (3M NaCl, 0.2M NaH2PO4, 0.02 M EDTA), BioWhittaker
Molecular Applications / Cambrex, P/N 51214
9.4 Anti-streptavidin antibody (goat), bis iy
P/N BA-0500; reconstitute

9.6 10% surfact-Amps20 (J
9.7 Bleach (5.25% Sodiug
9.8 Denhardt's Solution, &
9.9 MES hydrate, Sigma-Alg
9.10 MES Sodium Salt, Sig
9.11 5M NaCl, RNase-free

ﬂ‘IJEI’J'VIEWIﬁWEI']ﬂ‘i
ammﬂimum'swmaa
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APPENDIX B
Reagents for DNA extraction
1. Red Cell Lysis Buffer (RCLB)

NH4CI 18759
Tris-HCI A
Dissolve NH4CI and Tris=H

solution was mixed and stenill
life is approximately 6

rnl/ & water, Adjust pH to 7.2. The

or 15 min. Keep at 4 °C. Shelf

Adjust volume to 100 mi withrgistita water. Adjust pH to 7.2, Keep at 4 °C. Shelf
life is approximately 6 months: =
(7
3.1 M Tris Il
Tris base ‘a 12.11 g

AR 9] B9 1V 11113

Adjust voftime to 100 ml with distilled water. Adjust pH to 8.0. The solution was

*’"'“‘“ﬂﬂ%ﬂ‘&ﬂ%u’mﬁqﬁ}ﬂ YN

4.5 M NaCl
MNaCl 2922¢g

Distilled water 100 ml
Adjust volume to 100 mi with distilled water. The solution was mixed and sterilizes
by autoclaving at 121 °C for 15 min.



130

5. EDTA
EDTA 37.22g
Distilled water 200 ml
Adjust volume to 200 ml with distilled water. Adjust pH to 8.0. The solution was

mixed and sterilizes by autoclaving at 121 °C for 15 min.

6. 5.3 M NaCl
NaCl
Distilled water
Adjust volume to 504

autoclaving at 121°C for

ution was mixed and sterilizes by

7. Proteinase K 10 mg/r

Proteinasé i
Distilled
Mix the solution and slc

8. 10% SDS
SDS i
Distilled w taar 100 ml

i mmﬂwmmemmmnlm
Qﬁﬂﬁﬂﬂ‘iﬁuuﬁﬂﬂmﬁﬂ
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APPENDIX C

Reagents for agarose gel electrophoresis

1. 50x Tris-acetate buffer (TAE)
Tris base
Glacial aceticacio-

Adjust volume to ution was mixed and sterilizes by

autoclaving at 121°C fo
2. 10 mg/ml Ethidium brogifde
Ethidium brafhig
Distilled Wate
Mix the solU

3. 1.5% Agarose gel
Agﬂrﬂﬂ& ﬁ"‘r‘:@ "-:

Ay, e———
v_
Dissolve by hea .fi 0

s

A
*@sional mix unit no granules of
i¥

agarose are visible.

e AREANENT NN
AWIRIN Tl INNAY

05g
Bromphenol Blue 01g
Sucrose 40g

Adjust volume to 100 ml with distilled water. Mix the solution, aliquot into 1.5
microtube and store at 4°C.
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APPENDIX D

SNPs and haplotype analysis

PLINK v1.03 program is produced by Purcell S et al from the Center for Human
Genetic Research, Massachusetts Ge - aly Boston (Purcell S et al., 2007). The

/77

software is available online at titpu/pagu.mgh e

Input file format
Two data files were luding PED and MAP files.
1. PED file &
The PED file is a witlte-gp: i 34 et file: the first six columns are

mandatory:

Family ID
Individual ID

Paternal ID "'":'

Maternal ID i

mﬁmmwmm

Sex (1=

amawsmummmmm o5

1234 0r A .C.G,T or anything else) except 0 which is, by default, the missing genotype
character.



133

The example of PED file (IFI2.ped) was shown below.

Nl W o ] 2 1 ag cc ar cc cc A
N2 W2 0 (] 1 1 ag cc aT cT cc A
FHI W3 0 ] 2 1 cc cc A
FN4 N4 0 0 2 cc ca A
FNS WS 0 0 . cc ca A
FH6 N6 0 0 cT a6 o
M1 W 0 g cT ca A
FNE  NB 0 cT cc A
FNIl Nl 0 cc ca A
FNI4 N4 0 cT aa a
FNIT W17 © TT ca a
FHI$ Mi8 0 cT ce A
FHI® Hip 1] TT Ga A
FN20 W2 0 cc ca A
N2l Wl 0 cT co A
(3
2. MAP file
By default, each lin® ﬂhaMAPﬂ dedoti si markerand must contain

wactyscoumfet 14 £ 4 VI EJV] N

masmmmmmq Ne &3" o)

rs# or p identifier
Genetic distance (morgans)
Base-pair position (bp units)
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Most analyses do not require a genetic map to be specified in any case; specifying
a genetic (cM) map is most crucial for a set of analyses that look for shared segments
between individuals. For basic association testing, the genetic distance column can be set

at 0.
The example of MAP file (IFI2.map) was shown below.

I.F_]FFJ Mgy i T
Fle Edt Format Wiew Help

17513873 0 157070497
1 2276403 0 157084223
1 8560234 0 157181765
| 4657618 O 157239114
1 rsB66424 0 157253101
11772414 0 15726853]

I 68416420 157313422

Running of PLINK program =75 - i,
ué : é:x’
1. Allelic association test )

To perform a slacﬂard case/conltrol association anal{sis, use the option as follow:




The output file contains the fields;

CHR  Chromosome
SNP  SNPID
BP Physical position (base-pair)
Al Minor allele name {basad ole sample)
F_A n Ga @
F_U
A2
P
OR
L95
U95  Upper boun

The example of output

Mo BR Ve beet Pomst b
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Do S0 a4 ' r@. &

= anp w T Tx  Tw o

L
1 aTILMTY  ASTOTOMET L -G 0. 7104
1 TelITEE01  1STOBA11) . 1.118 0. 67Tes
1 relSE084 15TINLTES 3 0, 194 o, % 0.7 0. 5368
1 reAESTEID  1STIIERLIA 7. 4128 D.4110 = o, 1,006 0, 7541
L esBifdBd  15TISI10L - a.5 0.421 ¢ 1 Li] o, 0 1089 1,089
1 eedTTI4I4 1STRERE3L I' D II.I| L el B.5T2 ﬂ l'l.lt! t l-l. 1.08
1 EelsBAlSAl 1FTILINIR 0.414 I a.811

ﬂumwﬂmwmm
Q‘W’W&Nﬂim UAIINYIA Y

4ddition, to perform permutation analysis, following option was used.

-

pEEsE
Y.
aZ358d
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2. Model of inheritance analysis
The dominant and recessive models are tests for the minor allele (which is the minor
allele can be found in the output of either the - - assoc or the - - freq commands. Thatis, if D

is the minor allele (and d is the major allele):

]
Allelic: D VErsUs 'Ir ﬂ/
Dominant: (DD, E_I-(ﬂ- versus d‘é—"’

S - ———
Recessive: PO U8rsus ~(Dd;
P (Dd~ad) <

Genotypic: )9’/ Brel Dd VWersus dd

3. Conditional analysis of SHP e ) \
Ak L

To condition analysis affa gecific SNPEE ;’that - condition option and we can also

specify with either i v
_-HJ_.,.-{_'-._ ,'{H:"‘-'-.i“-
—~dominant |\ £
b o, '
or l:-j s
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4. Haplotype analysis
To test haplotype association, the following command was used.

AUEINENINYINT
ARIANINNNIINY Y
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APPENDIX E

Power Calculation

The power was calculated using the
(Skol AD et al., 2006; hitp:/fwww.spk

aTS Power Calculator for genetics studies

sample size and disease prevale

I€tEpef 100,000 people in Chinese (0.06)

(Mok CC and Lau CS, 2003)."THe disease dllele fisqUency and genotype relative risk were
adjusted according to indivigualSP./Thé sianificanceleyel was set to 0.05. The interface

of CaTS Power Calculator v
4 A,

S N2 M\
bl ———
Two Staga Design "-r palid ..'-
Sampies Genchyped in Stage 1 (X} R T
mwhmz m___ s
Dizeaza Model

Prevalence: L E‘

NERRUNSRNNANNDNURNNARNRRONNRNY =~ | e
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