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ABSTRACT

Thai Sudden Unexplained Death Syndrome (Thai SUDS), or Lai-Tai, is a
major health problem among rural residents of northeastern Thailand. The cause has
been identified as a genetic disease. SUDS, a disorder found in Southeast Asia, is
characterized by an abnormal electrocardiogram with ST-segment elevation in leads
V1-V3, identical to that seen in Brugada Syndrome (Brugada Sign, BS). Sudden death
due to ventricular fibrillation cardiac arrest (represents an arrhythmogenic marker that
identifies high-risk SUDS). The SUDS victims have a sleeping disorder (narcolepsy).
The HLA-DR locus is tightly associated with narcoleptic Japanese patients. HLA-DR2
and DQL. haplotypes were also found in Oriental narcoleptic patients. These
circumstances prompted us to study the association between the disease and HLA
Class 1l by HLA DNA typing using a PCR-SSO method. Five Thai SUDS families
were included in this study (18 BS-positive case subjects and 27 BS-negative control
subjects). We found that the HLA-DRB1*12021 allele was significantly increased in
BS-positive subjects (P=0.02; OR=4.5), the same as the HLA-DRB1*12021-
DQB1*0301/09 haplotype (P=0.01; OR=7.95). Our data suggest that HLA-DRB1*
12021 allele is associated with BS and the HLA-DRB1*12021-DQB1*0301/09 is a
haplotype susceptible to arrhythmogenic markers that can identify a high risk of
SUDS.Only HLA-DRB1*12021 allele shows preferential transmission and association

with high risk of SUDS (P<0.01,TDT=6.37).

KEY WORDS: SUDDEN UNEXPLAINED DEATH SYNDROME; SUDS,
BRUGADA SIGN; HLA-DR; HLA-DQ
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CHAPTER I
INTRODUCTION

Sudden Unexplained Death Syndrome (SUDS) is defined as a sudden
unexpected death during sleep in previously healthy young adults without clearly
defined causes (1). It has many local names, such as “Bangungut” in the Philippines,
“Pokkuri” in Japan, and “Lai-Tai”in Thailand (2,3). In Thailand, most victims came
from, or lived in Northeastern (NE) Thailand (2,3,6). SUDS first attracted Thai public
attention when young Thai workers in Singapore suddenly died during their sleep.
During the period 1982-1990, 230 young Thai workers in Singapore suddenly died
(4). Twenty-seven percent to 40% of their relatives also died in the same manner. In
other words, 18% of the victims had brothers who died of SUDS (5).Therefore, it is
believed that SUDS is a genetic disease.

HLA-DR and HLA-DQ antigens are HLA-class Il gene products encoded from
the short arm of chromosome 6 in the HLA-D region (7,8) and play a central role in
immune regulation (9,10), organ transplantation (11) and susceptibility to a number of
diseases (12,13). They are glycoproteins consisting of an alpha (o) and a beta (B)
chain as heterodimers on the cell surface of antigen-presenting cells, such as B-
lymphocytes and monocytes. HLA-DRB1 (B chain) and HLA-DQBL1 are highly
polymorphic. The allelic polymorphisms are mainly located on the second exon of the
genes. The association of HLA-DR antigens with narcolepsy (a sleep disorder) has
been reported (14,15,16,17,18). Moreover, the HLA-DR2, DQ1 haplotype was
increased in oriental narcoleptic patients (sleep disorder i.e., sleep talking, nightmares,
sleep paralysis, etc.) but negative in caucasian and black narcoleptic patients (19).
Near-SUDS( N-SUDS) are the SUDS survivors or patients with SUDS criteria who
were successfully resuscitated. These N-SUDS have been documented with
ventricular fibrillation (VF) cardiac arrest and have ECG patterns of Brugada
Syndrome. The Brugada Sign (BS) characterized by right bundle branch block
(RBBB) and ST segment (part of the ECG wave) elevation in leads V1 to V3 (20).



Pensiri Himmunngan Introduction / 2

These clinical signs represent arrhythmogenic markers that identified a high risk of
SUDS (20,21,22). Besides the clinical signs, sleeping disorders have also occurred in
SUDS. Since arrhythmogenic markers determination needs invasive and complicative
procedures, it is important to search for other simple and useful markers for the high
risk SUDS. In this work, the HLA-DRB and HLA-DQB.1 alleles were analyzed in 5
Thai families with SUDS (Lai-Tai) and compared with the arrhythmogenic markers of
these patients to identify possible associations between the HLA-DRB and HLA-
DQB1 alleles and SUDS, as well as the hereditary transmitted haplotype for this

disorder.
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CHAPTER Il
OBJECTIVES

With reference to the literature reviews, five observations have suggested: first,
SUDS is associated with sleep disorder (narcolepsy) which is strongly associated with
the HLA class Il (DR&DQ). Second, ventricular fibrillation (VF) is thought to be the
common physiologic mechanism of SUDS. Third, SUDS’ electrocardiographs are
identical to those described by Brugada and Brugada; Right bundle branch block
(RBBB) and ST-segment elevation in leads V3-Vs. These clinical sign are recently
acceptable as the arrhythmogenic markers which identify high risk of SUDS. Fourth
SUDS is a genetic disease. Finally, most SUDS victims are males and lived in

northeastern part of Thailand.

Therefore, the objective of this study are:-

1. To analyze HLA-Class Il (DRB&DQB1) in Thai SUDS families and compare with
arrhythmogenic markers.

2.To search for the transmitted HLA-DRB-DQB1 haplotypes or to verify an
association of HLA-DRB , HLA-DQBL to the risk of SUDS.
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CHAPTER IlI
LITERATURE REVIEW

1. Sudden Unexplained Death Syndrome (SUDS)

1.1 General Characteristics

Sudden Unexplained Death Syndrome (SUDS) is defined as a sudden
unexpectedly death during sleep in previous healthy young adults without clearly
defined cause (1). This disorder is found in southeast Asia for several decades with
many local names such as “Bangungut” (‘moaning and dying during sleep’) in
Philippine (23), ‘Pokkuri’ (sudden unexplained death at night) in Japan (24,25) and
“Lai-Tai” (‘died during sleep’) in Thailand. In the 1980s, The Center for Disease
Control (CDC) of the United State reported an abnormally high incidence of Sudden
unexplained death in predominantly young male immigrants from Southeast Asia (1).
In 1984 SUDS was defined by the CDC as any unexpected of the deceased victims
who were more than 2 years old, born in or had at least parent born in Southeast Asia
countries and postpartum examination had not revealed the underlying cause of death
(1). SUDS is the leading cause of death in young men in this region. It has
considerable economic impact because it usually strikes the working head of families
in the productive year of their lives.

In Thailand, most victims came from or lived in Northeastern (NE) Thailand.
SUDS first attracted Thai public attention when young Thai workers in Singapore
suddenly died in their sleep. During the period of 1982-1990, 230 young Thai workers
in Singapore suddenly died (4). The ministry of Public Health had set up a health
center in Singapore to care for the workers free of charge, and tried to assess the cause
of SUDS. Twenty-seven percent to 40% of their relatives also died in the same
manner. In other word, 18% of the victims have brother who died of SUDS (5).

Therefore, it is suggested that SUDS is a genetic disease.
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1.2 Epidemiology

Most SUDS victims are young men, the male: female ratio is 20:1(26). In
1984, peak incidence of SUDS among Southeast Asian refugees in the United States
was 92 per 100,000 mean aged was 25-44 years. An epidemiologic survey of young
Thai men living along NE border of Thailand found that the annual SUDS death rate
was 26 to 38 per 100,000 men (2,3,6,27) .

1.3 Associated Feature

SUDS is associated with potassium deficiency (6), stress (4) genetic (5,20) and
sleep (28). Episode mainly occur at night during sleep or during the transition from
sleep to wakefulness and also during rest (3). SUDS may be associated with sleep.
Typically, the victim wakes up at night with breathing difficulty in cardiac arrest
(29,30). The clinical feature of SUDS include ST-segment elevation in the precordial
leads V-V; (Figl)

lllll- AAL MCL AAL  MAL
1

Figure 1. The precordial positions of standard leads chest leads V1 to V6 (open circles) and
the higher intercostal space leads:-V1 to-V3 and -2V1 to-2V3(in open squares) are
shown.

in consistently associated with right bundle branch block (RBBB), ventricular
tachycardia and fibrillation (VF) on surface electrocardiogram (ECG)(20). The clinical
characteristics are similar to those of Brugada syndrome, a disorder diagnosed in

individuals of European descent.
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The Brugada syndrome is an arrhythemic syndrome characterized by right
bundle branch block (RBBB) and ST-segment elevation in the right precordial leads of
the electrocardiogram, inherited as an autosomal dominant trait (31), Seventy five
percent of patients with clinical diagnosis are 30-40 year old men (32). Due to the
apparent clinical similarities between Brugada syndrome and SUDS, we speculated
that these could be allelic disorders (or even the same disease). In addition, some
SUDS victims have suffered from night terror (31). Night terrors are sleeping
disorders characterized by vocalization, motor activity, a nonarousable and severe
autonomic discharge (33). Sleeping disorder called narcolepsy characterized by
excessive daytime sleepiness and cataplexy (34). The major genetic component of this
disorder has been identified in HLA-region (35,36). HLA-DR locus antigen is tightly
associated with narcoleptic Japanese patients and HLA-DR2, DQ1 haplotypes has
been well documented in Japanese (37,38,39) and caucasian populations (40,41).
Among the Oriental narcoleptic patients, Japanese and Chinese share DRB15-DQI
specificity and DRB1*1501,DRB5*0101,DQA1*0102,DQB1*0602 alleles without
exception(19).

2. The HLA-System

The Human Leukocyte antigen (HLA) system or the human major
histocompatibility complex (hMHC) is the major leukocyte antigen system which are
highly polymorphic. It is encoded by the hMHC complex genes, a cluster of genes
located in 6p21.3 portion of the short arm of human chromosome 6 (42,43). The MHC
has been divided into three regions on the basis of structure, function and alloreactivity
of the gene products: MHC class I at the telomeric end, class II centromeric ; and class

III between the class I and class II region (Fig 2,3).
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Figure 2. Gene comprising the HLA system (44)
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MAJOR HISTOCOMPATIBILITY COMPLEX

HLA REGION
- CLASS I CLASS Il CLAISS |
L L
GENTRO- 3 " 21.0H Bf HSP70_ HLA HLA HLA HLAHLA HLA HLA HLA
MERE GLO COL11A2 HLA-D B B C E.J A H G F

A
45 4A

(36 Alleles)

B1 182 B
p 5 Bl po B3 B4 BS

! Y g7 lB o
DPB1°0101- DRB1°0101- DRB5*0101
DPB13601 DRB1*1606 DRB5"0102
42 Alleles) DRB5"0201
( (12 Allec) DRB5"0202

DQB1°0201- DQA1*0101- {4 Alleles)
| DQB1°0609 DQA1°0601 DRB4*0101

(22 Allgles) (12 Alleles) | (5 Ajieles)

DPA1°0103

DPAT°0401 DRB3°0101

{8 Alleles) DRB3*0201
DRB3"0202 & Functional Geng
DRB3"0301 Pseudogene or Product
(4 Alleles) Not Characterized

Figure3. Schematic of the human MHC complex or HLA region located on the

short arm of chromosome 6 (45).

The classical class I and class II genes correspond to the human leukocyte
antigen (HLA) genes, originally discovered by virtue of their importance in tissue
transplantation between wunrelated individuals. They often referred to as
histocompatibility or transplantation antigen.

2.1 Structure, tissue distribution & function of HLA molecules

2.1.1 Class I region

This region contains (1) the polymorphic class I (I-a) genes or classical class I
which codes for HLA-A, -B and C.and (2) The non-classical class I or I-b genes which
include HLA-E, F, G, H, I, J, K and L as well as several pseudogenes and gene
fragments (46,47).

Class I genes are composed of eight coding sequences or exons that are separated by
non-coding sequence or intron. The eight exon correspond to the domains of the

protein. The first exon encodes the hydrophobic N-terminal precursor or leader
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sequence; The second, third and fourth exon encode the three extracellular domains.
The fifth exon endodes the hydrophobic transmenbrane segment and the basic residues
that act as an anchor. The sixth and seventh exons are small, coding for the
cytoplasmic domain of the molecule. The second and third exons are the most

polymorphic, where as the fourth is the most conserved. (Fig 4)

L o, o o, transmembrans cytoplasm
P —
s—{H 2 F{ 3 y{ ¢ H s —{e—{7}
HMucleonde Base Sequence-BS) E
Transcription
L_ (14 a [/ mmmbr&r;r, eytaplaim

premita  §—{IHZ {3 H & H 5 a7

Splicing

mRNA [y 23T 5T 6] 7] s

J{Tﬂnshuﬂn
Protein @ @
{Aming Acid Sequene-AA)
a’
xan 4

Tedexon 5

& CdenonsG, 7,8
[ §

Figure 4. The HLA class 1 gene (48). Exon (coding regions ) are indicated by
boxes and introns (non coding) are represented by the interconnecting

lines
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2.1.2.Class Il region (Fig 2,3).

This region includes the alpha (a) and beta () genes for the major types of
structurally similar o~ heterodimers. The class II genes code for HLA-DP, -DQ, -DR,
-DN and -DO (Fig, Both the alpha and beta genes have a similar genomic
organization . The o gene is composed of five exons: (1) signal sequence; (2) the o 1
domain , (3) the a 2 domain, (4) the transmembrane region and cytoplasmic tail, and
(5) an unrelated 3° region. The [ gene consists of six exons. Most of the
polymorphism of the class II region is localized to the extracellular second exon
domain of the beta chains. The human DR, DQ and DP beta chains (B -Chains) and
DQ alpha (a-chains) are polymorphic and only DRa and DP o chains seem to be

invariant.
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Class Il Class it Class !
DP aTaP DG DR TNF B
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Figure 5. A schematic of the major histocompatibility complex on chromosome 6p (49).

-Ir—

DP,DQ, and DR are class II antigen genes; B, C,and A are class I antigen genes;

TNF Tumor necrosis factor; Bf, properdin factor B; C2, C4A;C4B are

complement components; 21-OH, 21-hydroxylase.
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2.1.3 Class Il region.

The class III genes encode proteins that do not participate in antigen
presentation. They are not HLA-genes but are the genes for polymorphic serum
proteins and membrane receptors closely involved in immune function. These genes
encode for propordin factor B(Bf) and complement C2 and C4, tumor necrosis factors
(TNF o and B) heat shock protein 70 (hsp-70) and 21- hydroxylase (21-OHB)
involved in congenital adrenal hyperplasia (49).

2.1.4 Structure of class I HLA molecules (50,51)

Each of HLA-A, -B and —C molecules consist of a 2-chain structure. The
heavy or a-chain (MW 44Kd) is a polymorphic glycoprotein non-covalently linked to
a non-polymorphic MW 12Kd protein.The a-chain is coded by genes in the HLA
complex on chromosome 6 whereas 32 — microglobulin is coded by a gene on
chromosome 15 (52). Class I molecules have some degree of homology with the
immunoglobulin (Ig) constant regions. The most significant homology exists between
the a3 domain and the constant Ig region. Because both molecules are involved in

immunologic reaction. They may have a common evolutionary origin.
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Figure 6. Schematic representation of a class | HLA molecule (50). The molecule
consists of an MW 44Kd polyamorphic transmembrane glycoprotien
termed the a chain, which bears the antigenic determinant, in

noncovalent association with an MW 12Kd non polymorphic protein

termed [3, microglobulin (52).

2.1.5 Structure Function Relationships of Class | HLA molecules
The crystallographic structure of HLA-Class I markedly helped in our

understanding of the function of the molecules. A side view of the molecule is shown
in Fig 7.
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8 strand
B-pleated
sheet

Figure7. The diagrammatic crystalline structure of a class | HLA molecule (53).

B2 — microglobulin and the a3 domain have 3-pleated sheet structure similar to
that of immunoglobulin domain and form the lower part of the molecule. The a1 and
o2 domains, each consist of 4 -strand and a a-helix and they form the upper portion
of the molecule. The 8 B strand of these 2 domains form a B-pleated sheet that act as a
supporting plate for the 2-a helices. These a- helices create a groove or cleft that
serves as the antigen binding site to accept a peptide fragment appropriately processed
from a larger antigen (53).

2.1.6 Function of class I HLA molecules

Class I HLA molecules are present on all nucleated cells, which is appropriate

for their physiologic role. They generally present antigens to CD8" T lymphocytes

which are primarily involved in all mediated cytotoxicity of virus infected cells.
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2.1.7 Structure of class 11 HLA-molecules (54)

Each class II molecule is a heterodimer consisting of 2 glycoprotein chains and
the a-chain (MW 34Kd) and B-chain (MW 29Kd) in non covalent association. Similar
to the class I, both o and B-chain (54), each consist of 3 regions: an extracellular
hydrophilic region, a transmembrane hydrophobic region and an intracellular
hydrophilic region.

It is thought that the class II a2 and 2 domains constitute the portion of the
molecule proximal to the cell membrane that supports the portion distal to the cell
membrane formed by the al and 1 domains (54). The later is an interactive structure
and composed of 83 strands and 2 a- helices which is similar to a1 and a2 domains of
class I molecule. The 2-a helices and a portion of the B-pleated sheet of the class II
molecule also form a cleft or groove. The polymorphism of the class II molecules is
located in the cleft (o] and B1 domains), resulting in different antigen-binding sites for
each class II molecule. Thus a given class II molecule can bind only a limited number
of antigenic peptide fragments. This binding site of the class II molecule therefore
shows some selectivity for antigens. However it lack the fine specificity of an

immunoglobulin antigen-binding site.
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Figure 8. Schematic representation of an HLA-DR molecule (54). The molecule

consists of an MW 34Kd glycoprotein ((the o chain) in noncovalent

association with an MW 29,000 glycoprotein (the B chain)
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Figure 9. The crystalline structure of classIl HLA molecule (54).

2.1.8 Function of Class Il HLA molecules

Class II HLA molecules have a limited cellular distribution. They are found
chiefly on immunocompetent cells such as B lymphocytes, antigen-presenting cells
(macrophages and dendritic cells) and human activated T cells. In addition, cells that
do not normally express class II molecules (such as resting T cells, endothelial cells
and thyroid cells) can be induced to express them (55). The abnormal expression has
been postulated as an important-element of one theory to account for HLA disease
associations (56).

The function of class II molecule is to present processed antigenic peptide
fragments to CD4 T lymphocytes during the initiation of immune responses. Just as
CDS8, CD4 T lymphocytes recognize peptide fragments only in the context of class II
molecules (Fig 10) (57).
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Figure 10. CD4 cell (left) recognize processed antigen in the context of class I1
molecule through the T cell receptor and recognize an epitope on the
nonpolymorphic region of the class II molecule through CD4. In contrast,
CDS8 T cells (right) recognize processed antigen in the context of class I
molecules through their T cell receptor and an epitope on the

nonpolymorphic region of the class I molecule through CD8 (58).

The class I and class II molecules are distinguishable on the basis of their
structure, tissue distribution and function as shown in Table 1. The class I molecules,
also termed the classic histocompatibility molecule, include the HLA-A, -B and —C
molecules. Class I molecules include HLA-DR, -DQ and DP molecules.

HLA-Class I and Class II molecules, are members of the immunoglobulin

super family, as shown by amino acid homologies (Fig.11) (59).
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Figure 11. Models of membrane proteins with homology to immunoglobulin. Both
class I and class II MHC antigens contain two immunoglobulin-like

domains adjacent to the membrane (59).

Table 1. Comparison of HLA-Class I and Class II (55)

Properties Class I Class 11
Antigens included | HLA-A,-B,-C HLA-D, -DR, -DQ, -DP
Tissue Ubiquitous on virtually Restricted to immunocompetent
distribution
every cell cells, particularly B cells, and
macrophages
Functions Present processed antigenic | Present processed antigenic
fragment to CD8 T cells, fragment to CD4 T cells.
Restrict cell mediated Necessary for effective
cytolysis to virus-infected Interaction among
cells Immunocompetent cells
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2.1.9 HLA-Class I and Class 11 Antigens
The class I HLA antigens are the products of the HLA-A, -B and —C genes
These “classical class I (or class I-a) antigens are expressed on platelets and on all
nucleated cells. Some of these antigens may be adsorbed by circulating red cells. The
class I-b molecules include HLA-E, -F and G. They have a structure similar to class I-
a but their tissue distribution is different and their function is not well defined.
2.1.10 HLA-Class Il antigens

The class II HLA antigens are the product of HLA-DR, -DQ and —DP genes,
which are more restricted in their tissue distribution than class I antigens and are found
primarily on B-lymphocytes, macrophages, monocytes, endothelial cells, activated T-
lymphocytes and Langerhan cells (60).

The HLA-DR region consists of one a-chain (DRA) and one or two functional
B-chain (DRB) genes. Every individual carries one DRA and one DRBI1 encoded
polypeptide on the cell surface. Of the other DR region genes, DRB2 to DRB9, only
DRB3, DRB4 and DRBS5 are expressed in association with a DRBI encoded
polypeptide. For example, DRB1*15 is associated with DRB5. Different haplotype
can also be observed such as DRB1*03 is associated with DRB3. The DQ and DP
regions have two a-chain and two -chain gene, but only one of each is expressed.

2.2 Nomenclature of HLA system (61)

The nomenclature of the HLA antigens is determined by The WHO
Nomenclature Committee which reviews newly defined specificities and or genetic
loci.

The antigens are defined in part through International Histocompatibility
Testing Workshops that are held every 5 years. The nomenclature of individual class I
alleles depend on whether they are defined by serology or nucleotide sequence
analysis. Serologic definitions are used for the locus specificity and followed by a
numeric code (e.g.Al, B27, CW3); Designation of alleles are given as the gene name
followed by an asterisk and a four-digit number, the first two digits usually
corresponding to the serologic type. (e.g.A*0101, B*2703, CW*0301) (43).There are
three systems of nomenclature of class II alleles, which depend on the method used for
detection (62). Serologically defined alleles are named numerically according to the

locus specificity (e.g., DR1, DQ2), and T-cell defined specificities are designated DW,
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followed by a numeric code (e.g. DW4, DW14). Similar to class I, the class II defined
by their nucleotide sequence are classified by the name of the gene, followed by an
asterisk and a four-digit numbers, the first two digits correspond to the serologic type
(e.g.DRB1*0101, DQB1*0201). A partial list of the HLA alleles and specificity is

shown in table 2 and 3
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HLA-A HLA-B HLA-C
Serology  Alleles Serology Alleles Serology Alleles
Al A*0101-0109 B7 B*0702-0731 Cwl Cw*0102-0107
A2 A*0201-0258 B3 B*0801-0816 Cw2 Cw*0202-0205
A3 A*0301-0309 B13 B*1301-1310 Cw3 Cw*0302-0315
All A*1101-1113 Bl4 B*1401-1405 Cw4 Cw*0401-0410
A23(9) A*2301-2309 B15 B*1501-1573 Cw5 Cw*0501-0505
A24(9) A*2402-2435 BI8 B*1801-1818 Cwo6 Cw*0602-0607
A25(10) A*2501-2504 B27 B*2701-2725 Cw7 Cw*0701-0716
A26(10) A*2501-2618 B35 B*3501-3544 Cws8 Cw*0801-0809
A29(19) A*2901-2906 B37 B*3701-3705 - Cw*1202-1208
A30(19) A*3001-3012 B38(16) B*3801-3808 - Cw*1402-1405
A31(19) A*01012-3108 B39(16) B*3901-3926 - Cw*1502-1511
A32(19) A*3201-3207 B40 B*4001-4044 - Cw*1601,1602,
A33(19) A*3301-3306 B41 B*4101-4105 - 160401
A34(10) A*3401-3404 B42 B*4201-4204 - Cw*1701-1703
A36 A*3601-3603 B44(12) B*4402-4432 - Cw*1801,1802
A43 A*4301 B45(12) B*4501-4506
A66(10) A*6601-6604 B46 B*4601,4602
A63(28) A*6801-6822 B47 B*4701-4704
A69(28) A*6901 B48 B*4801-4807
A74(19)  A*7401-7408 B49(21) B*4901-4903
A*8001 B50(21) B*5001-5004
B51(5) B*5101-b5129
B52(5) B*5201-5204
B33 B*5301-5309
B54(22) B*5401,5402
B55(22) B*5501-5512
B56(22) B*5601-5608
B57(17) B*5701-5709
B58(17) B*5801-5806
B59 B*5901
B67 B*6701,6702
B73 B*7301
B78 B*7801-7805

B*8201,8202
B*8301
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Table 3. HLA Class II alleles (July 2002)(63)
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HLA-DR HLA-DQ HLA-DP
Serology Alleles Serology Alleles Serology  Alleles
o-Chain a-Chain a-Chain
DRA*0101-01020 - DQA1*0101-0106 - DPA1*0103-0108
DQA1*0201 DPA1*0201-0203
DQA1*0301-0303 DPA1*0301
DQAT1*0401 DPA1*0401-0402
DQA1*0501-0505
DQA1*0601
DRI DRB1*0101-0108 DQ5(1) DQB1*0501-0504 DPwl DPB1*0101
DRI15(2) DRB1*1501-1513 DQ6(1) DQB1*0601-0620  DPw2 DPB1*0201-0202
DR16(2) DRB1*1601-1608 DQ2 DQB1*¥0201-0203  DPw3 DPB1*0301
DR3 DRB1*0301-0323 DQ3 DQBI1*0301-0313  DPw4 DPB1*0401*0402
DR4 DRB1*0401-0444 DQ4 DQB1*0401-0402 DPw5 DPB1*0501
DRI11(5) DRB1*1101-1142 DPwo6 DPB1*0601
DR12(5) DRB1*1201-1208
DR13(6) DRB1*1301-1312 - DPB1*0801-4101
DRB1*1314-1352 - DPB1%*4401-9201
DR14(6) DRB1*1401-1443
DR7 DRB1*0701-0706
DR& DRB1*0801-0824
DR9 DRB1%*090102,09
02
DR10 DRB1*1001
DRB3*0101-0110
DR52 DRB3*0201-0217
DRB4*0301-0303
DR53 DRB4*0101-0106

DRS51

DRB5*0101-0109
DRB5*0202-0205
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2.3 Haplotype, Codominanace &Inheritance

Because of their close linkage, the combination of alleles at each locus on a
single chromosome is usually inherited as a unit. The unit is referred to as a haplotype.
Because individuals inherit one chromosome from each parent, each individual has 2
HLA haplotypes. All HLA genes are codominant, so both alleles at a given HLA locus
are expressed, and 2 complete sets of HLA antigens, one from each parent, can be
detected on cells. Base upon Mendelian inheritance, there is a 25% chance that the
siblings will share both haplotypes (HLA-identical eg, ad and ad) a 50% chance that
they will share one haplotype (semi identical, ac and ad) and a 25% chance that they
will share no haplotype (HLA-non identical eg ac, bd.) and there by be completely
HLA-incompatible (Fig 12).

a b [ d
Al A2 A9 A3
BS B7 BS || B12
CW1|{|CW2 D__O CW5||CW4
DW6 || DWS5 DWI1||DW2
DR2 || DR3 DR7 || DR4
a I_—L] C a t] d b O C b IJ__l d a (5 d

Al A9 Al || A3 A2 A9 A2 A3 Al A3
B8 BS B8 || B12 B7 B5 B7 || B12 B8 || B12
CWI1||CW5| |[CW1||CW4| [CW2||CW5| (CW2[|CW4| CW1| | CW4
DWé6||[DW1| |DW6||DW2| DWS||DWI1| (DWS5|[/DW2| DW2| DW2
DR2||DR7| |DR2 || DR4| |DR3| DR7 DR3|| DR2| | DR4|| DR4

Figure 12. Inheritance of the HLA antigens (64). Each parent has two haplotypes, the
paternal designated a and b and the maternal ¢ and d.Each child inherits one

haplotype from each parent.

2.4 Linkage Disequilibrium
Linkage Disequilibrium is the phenomenon that certain HLA alleles
combinations occur at a higher frequency than expected and is quantitated as the
difference (A) between the observed and expected frequencies. Because human

mating are random, the frequency of finding a given allele at one HLA-Locus with a
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given allele at a second HLA Locus should simply be the product of the frequencies of
each allele in the population.

For example, the HLA-BS allele and the HLA-DR3 allele are found in the
North American white population with frequencies of 0.09 and 0.12 respectively.
Thus, the expected frequency of the HLA-B8-DR3 haplotype should 0.09x0.12 or
0.0108. However, this haplotype is found with a frequency of approximately 0.0740,
almost 7 times the expected frequency and for a difference of 0.06320 (.0740-0.0108)
Several hypotheses have been offered in an attemp to explain the phenomenon of
linkage disequilibrium, including (1) a selective advantage of a given haplotype, (2)
migration and admixture of a 2 population, (3) inbreeding and (4) random drift of the

gene pool(65).

3.ldentification of HLA antigens (Tissue typing)
3.1 Serology

The class I antigen (HLA-A, -B, -C) are serologically defined, that is
lymphocytotoxicity assay (66). Lymphocytes are incubated with specific antisera for
known HLA antigens. The antisera are usually obtained from multiparous women or
from multitransfused individuals. After 30 minutes of incubation, complement is
added. One hour later, indicator dye is added to determine cell viability. If an antigen-
antibody reaction has taken place, complement is fixed and the cell membrane is
damaged. Cell death is determined by the uptake of dye, such as trypan blue or eosin,
or by the release of fluorescent materials, such as fluorescein diacetate (67). Breifly a
battery of defined antisera directed against various antigens are tested against the
patient’s leukocytes. Known antigens are named and numbered according to the loci
of origin (e.g. Al, A2, A3, B4). Tissue typing reveals two different antigens for each
locus, except when there is homozygosity at a locus. The class II antigens are
originally defined by serological and biological methods. The serological method is
similar to that employed in HLA class I typing, with the exception for the DR and DQ
typing in which B-lymphocytes are used rather than unseperated peripheral blood
lymphocytes or T-cells. B-lymphocytes are concentrated from peripheral blood by one
of the several methods including immune adherence, differential adsorption to nylon

wool or removal of the T-cells by rosetting with sheep red blood cells. The B-
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lymphocytes are then incubated in a lymphocytotoxicity assay similar to that out lined
previously but for a longer incubation periods with DR/DQ specific antisera (66).

3.2 Cellular Assays

The mixed lymphocyte culture (MLC) (68), a cellular typing assay, is
performed by culturing leukocytes from one individual (stimulator) with those from
another (responder). The stimulator cells are inactivated by prior irradiation or by
treatment with mitomycin (to render them incapable of reacting to the responder cells.
After co-culture for 5 to 7 days proliferation is measured by the incorporation of
radioactive thymidine. Concurrent controls are used to ensure that the cells are capable
of stimulating and react normally. Individuals identified as being non responsive in
MLC have no mutual stimulation or response and were identified for the HLA-D
region. Mixed lymphocyte culture, is extremely difficult to perform and is used mainly
for experimental purpose, rather than in clinical application.

3.3 Molecular techniques (DNA typing) (69,70,71,72)

Typing at the level of DNA has been investigated most extensively for class II
genes. These strategies can be divided in two major subtypes:

1. Typing utilizing restriction enzymes and Southern blotting methodologies
(labor, intensive costly, take time) for example: restriction fragment length
polymorphism (RFLP)

2. Typing based upon amplified sequence using specific primers and the
polymerase chain reaction. The sequencing of hypervariable regions of the MHC
genes has allowed the design of specific oligonucleotide primers and probes that can
identify MHC genes subtypes. The primers reagents are used to make copies (amplify)
of the target gene followed by specific hybridization with a complementary probe to
confirm identify. This method consists of

3.3.1 SSOP (Sequence-specific oligonucleotide probe typing)
(70,71) The use of polymerase chain reaction (PCR) to amplify the specific region
and then hybridization to a small allele or sequence specific oligonucleotide probe of
defined specific alleles. This two step oligotyping procedure has been used for HLA

disease association and anthropological population studies.
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3.3.2. PCR-SSP (PCR-Sequence specific primers) (72)

The rapid technique using sequence specific primers amplification and typing
is determined by the detection of the amplified DNA. To amplify different target genes
of various size, one can mix several primer sets in one reaction with a minimal number
of reaction to get the result of complete typing. This method required a single
amplification cycle followed by mini-agarose gel electrophoresis to determine the

amplification patterns.

4. HLA and Disease

The first association of HLA antigen and disease was reported in Hodgkin’s
disease in 1967 (73,74). Association of HLA antigens with a variety of diseases have
promised to open new point of view into the pathogenesis of morbid processes.
Indeed, these association may not provide only clues about the genetics of disease
which may become relevant to diagnosis, prognosis, treatment and prevention but may
also give a new dimension to our understanding of the biological importance of HLA-
complex.

Association are based on a particular HLA antigen or allele that significantly
increase in an ethnically and clinically homogeneous group of patients with a disease
as compared to an ethnically match group of normal individual from the same

Location (table 4).
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Table 4. HLA Alleles with Striking Disease Associations (75)

*Frequency (%)
Disease HLA Allele Patients Controls  +0Odds Ratio
Ankylosing spondylitis B27 >95 9 >150
Reiter syndrome B27 >80 9 >40
Acute anterior uveitis B27 68 9 >20
Subacute thyroiditis B35 70 14 14
Psoriasis vulgaris Cwo6 87 33 7
Narcolepsy DQ6 >95 33 >38
Grave disease DR3 65 27 4
Rheumatoid arthritis DR4 81 33 9
Juvenile rheumatioid arhritis DRS 38 7 8
Celiac disease DQ2 99 28 >250
Multiple sclerosis DR2, DQ6 86 33 12
Insulin-dependent diabetes DQ8 81 23 4
Insulin-dependent diabetes DQ6 <1 33 0.02
Hemochromatosis A3 75 13 20
Congenital adrenal hyperplasia (21- Bw47 25 0.2 80-150

OH- deficiency)

*Frequency data are for Norwegian populations

The strength of an association is measured by Odds Ratio of Woolf (76). The
Odd ratio can be used as an estimate for Relative risk (RR) in a case control study. The
data in case control study represent two sample: The cases are drawn from a
population of people who have the disease and the controls from a population of

people who do not have the disease. The predictor variable is measured by two by two

table produced :
Disease No disease
Risk factor present a b
Risk factor absent c d

Odds Ratio = axd

o

cX
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The strength of HLA association is directly related to the size of the relative
risk (RR.) The relative risk indicates the number of times more or less frequently the
disease occurs in individuals processing a given antigen than in those without that
antigens.A relative risk of 1 implies no association. An RR value that is greater than
one indicates a positive association between the allele and disease, the greater the RR
value, the stronger the association. A positive RR indicates increased susceptibility
while a negative RR.indicates protection.

Statistical tests

It is necessary to note that the statistical significance of reported RR can vary
depending on the number of patients and control and on the numbers of MHC alleles.
For this reason, the significance level, P, of the observed difference in allele
frequencies should also be calculated using chi-square ()°) analysis, and corrected for
multiple testing by multiplying P by the number of alleles. This correction, Pc,
minimizes the probability of an association occuring by chance alone. From a 2 x 2
contingency as shown in Table 5.The chi-square is calculated and converted to a p-

value using reference table.The p<0.05 was accepted for the statistical significance
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Table 5. The 2 x 2 contingency table, chi-square and relative risk

_ Antigen or gene
Disease Row total
present absent
Present a b S
Absent C d t
Column totals u A\ n

Chi-square (x*) = (ad-bc)® xn
(sxtxuxv)

Relative Risk = axd (woolf’s method)

(Odds-ratio) cxb

a = number of patients positive for the antigen
b = number of patients negative for the antigen
c = number of controls positive for the antigen
d = number of controls negative for the antigen

The transmission disequilibrium test (TDT) to determine whether marker
allele M1 is associated with disease.
The TDT test statistic is (a-b)’/ (a+b)This has a y2distribution with 1 degree of
freedom,provided the numbers are reasonably large. Let a be the number of times a
heterozygous parent transmits M1 to the affected offspring, and b be the number of
times the other allele is transmitted. Affected probands are ascertained.
The probands and their parents are typed for the marker, those parents who are

heterozygous for marker allele M1 are selected. They may or may not affected.

5. HLA and Thai Sudden Unexplained Death Syndrome (Thai-SUDS) orLai-Tai.
SUDS, a disease relates to Brugada syndrome, characterized by an abnormal
electrocardiogram with ST-segment elevation in Leads V1-V3 (Figl). A sudden death
dues to ventricular fibrillation, identical to that seen in Brugada syndrome.
There are no previous report of HLA and SUDS association, however there are
some evidences which brought us to speculate that HLA class II could be associated

with SUDS.
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The association of HLA-DR antigens with narcolepsy (sleeping disorder) had
been reported (14,15,16,17,18) during 1984-1987

In 1999, Bachmaier K, et-al concluded that human MHC class II molecules
and a human a-myosin heavy chain derived peptide and could be ethiologic factors of
inflammatory heart-diseases and suggested that human inflammatory cardiomyopathy
could be caused by organ specific autoimmunity (78).

Dilated cardiomyopathy (DCM) is a major cause of sudden cardiac death
(79,80,81,82). Specific HLA alleles have been epidemiologically linked to
susceptibility and resistance in inflammatory heart disease and DCM (83,84,85,86,87).
HLA-DQG6 have been implicated in the pathogenesis of human DCM (83).

Approximately 5% of patients who experience sudden cardiac death have no
demonstrable structural heart disease or other external cause responsible for the
episode (88,89). A subgroup of these patients who have an ECG showing right bundle
branch block (RBBB) and segment elevation in leads V1-V3 are high risk for sudden
death (22, 89,90).The recent demonstration of association with mutations in SCN5A,
the cardiac sodium channel blocker gene, provides further support for the hypothesis
that this syndrome is primarily an electrical disease, separate and distinct from the
previously described arrhythmogenic disorders accompanied by structural changes in
the heart (31).

Most Thai SUDS (Lai-Tai) victims are Northeastern Thais. For the population
study (anthropology), the analysis of HLA polymorphism would provide useful
information of genotypic differences between SUDS and non- SUDS. In addition, Lai-
Tai might be another cardimyopathy caused by organ specific autoimmunity.

Accumulated evidences indicate that Lai-Tai is a multifactorial disorders.
Multiple genes may be participated in a single affected individual triggering by
environmental factors. Thus, HLA Class II, DRB and DQBI1 in particular are

interesting genetic marker involved in SUDS pathogenesis.

6. Family Study of the SUDS.
Family study was used to investigate haplotype involved in the etiology of a

disease or to determine if the disease gene is linked to the marker loci within the
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MHC. By using pedigree or family tree, a diagram of family history indicating the
family members, their relationship to the proband (the family member through whom

the family is ascertained. If affected may be called the index case). It is composed of at
least three generations (93). The statistical analysis of data from a family study is more
complex than that from an association study. The requirements for conducting this
type of study are large extended families where several individuals are alive and
affected with the disease of interest or several families where a parent-child or sib-sib
pair are affected. There are five basic Mendelian pedigree to construct the pedigree
chart. The construction of an accurate family pedigree is a fundamemtal component of

a clinical genetic evaluation and of human genetics research.

Table 6. Symbols used to construct a pedigree chart (94)

Symbol Function
n Male
o Female
Sex unknown

&

0o Unaffected

er /@’ Dead
He Affected
0o Carrier (optional)
e Marriage
=0 Consanguineous marriage (mating)
0 Suspected near SUDS cases
@ Suspected SUDS individual
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The five basic mendelian pedigree patterns:

1. Autosomal dominant inheritance:
An affected person usually has at least one affected parent. Affected and transmitted

by either sex . A child of an affected x unaffected mating has a 50% chance of
being affected (this assumes that the affected person is heterozygous )

2. Autosomal recessive inheritance:
Affected people are usually born to unaffected parents. Parents of affected people
are usually asymtomatic carriers. There is an increased incidence of parental
consanguinity. Affected either sex. After the birth of an affected child, each
subsequently child has a 25% chance of being affected.

3. X-linked recessive inheritance:
Affected almost exclusively males.
Affected males are usually born to in affected parents; the mother is normally an
asymptomatic carrier and may have affected male relatives. Females may be affected
if the father is affected and the mother is carrier, or occasionally as a result of
non-random X-inactivation.
There is no male-to-male transmission in the pedigree (but mating of an affected
male and carrier female can give the appearance of male-to-male transmission.

4.X-linked dominant inheritance: Affectes either sex, but more females than males.
Females are often more mildly and more variably affected than males. The child of
an affected females, regardless of its sex, has a 50% chance of being affected. For
an affected male, all his daughters but none of his sons are affected.

5.Y-linked inheritance :
Affected only males.Affected males always have an affected father. All sons of

an affected man are affected.
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Figure 13. Basic mendelian pedigree pattern

(A)Autosomal dominant;
(B) autosomal recessive;
(C) X-linked recessive;
(D)X-linked dominant;
(E) Y-linked
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CHAPTER IV
MATERIALS AND METHODS

1. Materials

1.1) Subjects and samples

Forty-five blood samples from five Thai families with SUDS from Nakhon
Phanom and Sakhon Nakhon province. They were coded as family A, B, C, D and E.

18 subjects (16 were affected with SUDS, 2 were near SUDS) with BS positive

used as cases (index cases) while the other 27 subjects BS negative were used as the
controls.Each family was composed of three generations, which has enough alive
individuals who are both affected and unaffected.(Fig 14-18).All subjects were willing

to participate in family study and informed consent was obtained.
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Table 7. Family codes, members and no. BS-positive and -negative in 5 Thai SUDS

families
Family Family members Total | BS positive No. BS negative Other
codes (ID) cases No.cases related
syndrome
Male Female Male | Female | Male | Female
A 25,222 21,23,26,27 11 1 1 - 9 NSUDS =1
29,220,223 (No0.25)
224,225 PSUDS =1
(No.22)
B 18,143, 11,1213, 9 2 1 2 4 NSUDS=1
171,181 16,20 (No. 18)
PSUDS=3
(No14,17,
19)
C 1,2,3,4,5 20 8 3 - 5 - NSUDS=1
24,25 (NO.25)
D 261,266, 263,2620, 9 3 1 3 2
2611,2613 2622
2614,2621
E 110,140, 120,113, 8 4 2 1 1
12,121,132 122
A+B+C+ 24 21 45 13 5 11 16
D+E

Family A.consisted of 11 members 2 were Brugada Sign (BS) positive

B. consisted of 9 members 3 were Brugada Sign (BS) positive
C. consisted of 8 members 3 were Brugada Sign (BS) positive
D.consisted of 8 members 4 were Brugada Sign (BS) positive
E. consisted of 9 members 6 were Brugada Sign (BS) positive

1.2) Reagents and supplies for HLA-DRB and HLA DQBL1 typing (see appendix)
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2. Methods

Five milliliters of EDTA blood samples were collected. (the samples were kept
at 4°C for storage not longer than 1 week) Genomic DNA was extracted from white
blood cells by the salting out technique (71). The red blood cells were lysed with red
cell lysis buffer (RCLB).The white blood cells or nucleated leukocytes thus obtained,
was incubated in 5x proteinase K-buffer, 20% SDS,proteinase K and distilled water
and digested at 55 °C. The remaining protein was precipitated in saturated NaCl. DNA
was recovered by adding absolute ethanol and 70% ethanol respectively. The
precipitated DNA was redissolved in distilled water and stored at 4°C. Measure the
DNA concentration by optical density reading. The reading wavelength are at 260 and
280 nanometer (nm). An optical density (OD) of the readings at 260: 1 corresponds
approximately 50 pg/ml of double strand DNA. The ratio between the readings at 260
mm and 280 mm (OD260/0D280) provides an estimate of the purity of the nuclei
acid. A pure preparation of DNA has a ratio value of 1.8. If this is contamination with
the proteins, the OD260/0D280 will be significantly lower, while degraded DNA and
RNA contamination will give a higher value. Adjust all the DNA at concentration 50-
100 ng/pl in dH,0 and kept at =80°C until performing PCR-SSO.

The polymorphism of HLA-DRB1 and HLA-DQB1 were investigated by
polymerase chain reaction sequence specific oligonucleotide (PCR-SSO) typing
(70,71) The DNA was amplified by polymerase chain reaction (PCR) and the
amplified products were hybridized with sequence specific oligonucleotide probes. For
HLA-DRB typing, the reaction including a set of primer DRB1+3+4+5, 86G, 86V and
DRB1 high resolution kit (INNO-LiPA HLA-DRB decoder amplification,Abbott
labolatories). 50 ng.genomic DNA and PCR reagent were placed in a Perkin Elmer
480 thermocycler at 95°C for 5 min, and 95,58 and 72°C for 20,30 and 30 sec,
respectively for 35 cycles and at 72°C for 10 min for one cycle. The quality of the
amplified products were check in 2% agarose gel electrophoresis. After allelic
amplification, hybridization against 62 sequence specific oligonucleotide probes
(SSOP) was performed.The probe-bound amplified products were detected by color
formation of streptavidine alkaline phosphatase conjugate and BCIP/NBT substrate

solution result in a purple brown precipitate (72) which were positive on the HLA-
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DRB decoder strips. The DRB types were obtained from the LiPA-HLA-DRB decoder
typing table or program of the LiPA-expert-HLA-DRB,DQ and DP interpretation
software. For the DQB1, the reaction mixture, including DQB1 primers (Dynal
RELI™SSO HLA-DQB1 from Dynal Biotech Ltd.U.K.) 200 ng genomic DNA and
PCR reagent mixture, were incubated in Perkin Elmer 480 thermocycler at 95°C for
5min and at 95,60 and 72°C for 45 sec 60 and 60 sec respectively for 35 cycles and 72
For 5 min for one cycle. After allelic amplification, hybridization against 24 sequense
specific oligonucleotide (SSO) probes was performed, detection by colour formation
of SA-HRP conjugate and H,0, and TMB substrate result in a blue lines on the typing
strip.HLA-DQB1 typing was assigned by reading the pattern on the HLA-DQB1
typing strip. This analysis can be done manually by using HLA-DRB, HLA-DQB
overlay score sheet and interpretation table or alternatively, the dynal RELI™ SSO

pattern Matching program

Statistical analysis

Allelic frequencies and haplotype association were estimated by direct
counting. Data were analyzed statistically using Chi-square test and Fisher’s exact test.
The P-value were corrected by Yate’s correction. The relative risks (RR) or Odds
Ratio (OR) were determined according to the Woolf’s method (76) or Epi info
program computer.Using family-based association study,transmission disequilibium
test (TDT) (77) was calculated.This has a %2 distribution with 1 degree of freedom,

provided the numbers are reasonably large.
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CHAPTER V
RESULT

HLA-Class Il (HLA-DRB1, HLA-DQB1) in five Thai Sudden Unexplained

Death Syndrome or Lai-Tai families (coded as family A, B, C, D and E) were determined

by using PCR-SSO DNA typing. The detected HLA-Class Il in these families are as

follow:

Family A :Eleven persons were included in the HLA-class Il testing; Ten persons are

relatives and one female is spouse of the PSUDS case.The haplotype of this PSUDS male

was concluded on the basis of haplotype of his children.

Six types of HLA-DRB1 alleles, 4 types of HLA-DQBL alleles and 6 types of

HLA-DRB1-DQB1 haplotypes were detected (Table 8).The pedigree of family A was

showed in Figl4.

Table 8. HLA allelic types and haplotypes in members of family A with and without BS

No.alleles No.alleles HLA-DRB1-DQB1 No. haplotype
HLA-DRB1 HLA-DQB1 haplotypes

BS+ BS- BS+ BS- BS+ BS
1501/09 (R1) 1 3 | 06011/013(Q4) | 2 8 | DRB1*0501/09-DQB1*06011/013(R1-Q4) 1 3
1502/08 (R2) 0 2 | 0201/02 (Q5) 1 2 | DRB1*1502/08-DQB1*06011/013 (R2-Q4) 0 2
1504 (R3) 1 3 | 0301/09 (Q6) 0 3 | DRB1*1504-DQB1*06011/013 (R3-Q4) 1 3
1101/04 (R6) 0 3 | 03032/033 (Q7)| 1 5 | DRB1-1101/04-DQB1*0301/09 (R6-Q6) 0 3
0701/03/04(R13)| 1 2 DRB1*0701/03/04-DQB1*0201/02(R13-Q5) 1 2
09012 (R15) 1 5 DRB1*09012-DQB1*03032/033 (R15-Q7) 1 5
Total alleles | 4 | 18 | Total 4 | 18 Total haplotypes 4 18

alleles
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ab cd
I —1
21!> 22! 250 2% 2% 52% 2’% é?!} ZSIJ__l 5943
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ce ce bf bf
1l =@

Figure 14. A pedigree of one Presumptive Sudden Unexplained Death Syndrome
(PSUDS) victim (family A ) Circles indicate females ; Squares males;
open symbol, negative Brugada sign (BS) by post procainamide infusion,
open symbol with Slash, death of unknown or other causes, not PSUDS ,
stippled, Positive BS stippled with slash ; PSUDS. a, b, c, d, e and f are
letters coded for the HLA-DR - DQB haplotypes;
a = HLA-DRB1*1502/08, DRB5*0102/08 N, DQB1* 06011/013 (R2-Q4)
b = HLA-DRB1*09012, DRB4*0101/03/04/05, DQB1*03032/033 (R15-Q7)
¢ = HLA-DRB1*1501/09, DRB5*01011, DQB1*06011/013 (R1-Q4)
d = HLA-DRB1*1504, DRB5*0102/08 N, DQB1*06011/013 (R3-Q4)
e = HLA-DRB1*0701/03/04, DRB4*01011/03/05, DQB1*0201/02 (R13-Q5)
f = HLA-DRB1*1101/04, DRB3*0202/10/12-15, DQB1*0301/09 (R6-Q6)
v = studied cases

Note: Both on | were deceased.
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Three inherited haplotypes with Brugada Sign (BS) were found

1) R1-Q4: ID 22 (PSUDS) in the second generation and ID 223 in the third
generation with haplotype distribution of 40% of the available cases for HLA Class Il
typing (two out of 5 members carried R1-Q4). PSUDS was added.

2) R3-Q4: ID25 (NSUDS) in the second generation with haplotype distribution of
25% (one out of 4 members carried R3-Q4).

3) R15-Q7: ID22 (PSUDS) and 25 (NSUDS) in the second generation with
haplotype distribution of 28.6% (two out of 7 members carried R15-Q7).

In this family, HLA-DRB1*1501/09-DQB1*06011/013(R1-Q4) was the PSUDS
parternal haplotype transmitted to the affected offspring 1D223 (female) third generation

with the risk of 50%.
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Family B
.

11 12| 13| 14 15| 16| 17 18 |vsuos 19 20
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Figure 15. A pedigree of one Near Sudden Unexplained Death Syndrome

(NSUDS,No.18)and three Presumptive Unexplained Death Syndrome
(PSUDS, No. 14,17,19) victim (family B ) Circles indicate females ; squares
males; open symbol , unaffected status ; closed symbol , NSUDS ; stippled ,
positive Brugada sign ; stippled with slash , PSUDS. a, b, ¢, d, e, f,g,h,i
and j are letters coded for the HLA-DR-DQB haplotypes;
a=HLA-DRB1*12021, DRB3*0301, DQB1*0502 (R8-Q2)

b =HLA-DRB1*09012, DRB4*0101/03/04/05, DQB1*03032/033 (R15-Q7)
¢ = HLA-DRB1*1404, DRB3*0207, DQB1*05031 (R11-Q3)

d = HLA-DRB1*1502/08, DRB5*0102/08 N, DQB1*0502 (R2-Q2)

e = HLA-DRB1*1502/08, DRB5*0102/08N, DQB1*0501 (R2-Q1)

f=-

g = HLA-DRB1*1501/09, DRB5*01011, DQB1* 06011/013 (R1-Q4)

i = HLA-DRB1*0301/06/18, DRB3*0202/10/12-15 , DQB1*0201/02 (R4-Q5)
v = studied cases
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Nine persons were included in HLA Class Il testing; nine persons

are relatives Six types of HLA-DRB1 alleles, 6 types of HLA-DQBL1 alleles
and 7 types of HLA-DRB1-DQB1 haplotypes were detected (Table 9). The
pedigree of family B was showed in Fig15.

Table 9. HLA allelic types and haplotypes in members of family B with and without BS

No.alleles No.alleles HLA-DRB1-DQB1 No. haplotypes
HLA- HLA-
haplotypes
DRB1 DQB1
BS+ BS- BS+ BS- BS+ BS-
1501/09 1 0 | 0501 (Q1) 0 1 DRB1*1501/09-DQB1*06011/013 1 0
(R1) (R1-Q4)
1502/08 1 3 | 0502 (Q2) 3 6 DRB1*1502/08-DQB1*0501 (R2- 0 1
(R2) Q1)
0301/06/18 | 0 1 | 05031 1 3 DRB1*1502/08-DQB1*0502 (R2- 1 2
(R4) (Q3) Q2)
12021 (R8) | 2 4 | 06011/013 1 0 DRB1*0301/06/08-DQB1*0201/02 0 1
(Q4) (R4-Q5)
1404 (R11) | 1 3 | 0201/02 0 1 DRB1*12021-DQB1*502 (R8-Q2) 2 4
(Q5)

09012 1 1 | 03032/033 1 1 DRB1*1404-DQB1*05031 (R11- 1 3
(R15) (Q7) Q3)

DRB1*09012-DQB1*03032/033 1 1

(R15-Q7)
Total 6 12 | Total 6 12 Total haplotypes 6 12
alleles alleles
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Four inherited haplotypes with BS positive were found:

1) R8-Q2: ID12 and 18 in the second generation with the haplotype distribution of
33% among the available cases for HLA Class Il typing.(2 out of 6 members carried R8-
Q2).The first generation (deseased) is not included.

2) R11-Q3: ID12 and 14 in the second generation with haplotype distribution of
40% (2 out of 5 members, ID14 (PSUDS) was added).

3) R15-Q7: ID 17 (PSUDS) was added in the second generation and ID171 in the
third generation with haplotype distribution of 66.7% (2 out of 3 members).Note that the
R1-Q4 which is an inherited haplotypes related to BS-positive in familyA was also seen
in case ID 171.

4) R2-Q2: ID18 (NSUDS) in the second generation with haplotype distribution of

33.3% (1 out of 3 members carried R2-Q2).
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Family C

ab cd
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—O —O
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Figure 16. A pedigree of Sudden Unexplained Death Syndrome (SUDS) victim (family C)
Circles indicate females; squares males; open symbol, negative Brugada Sign
(BS); open  symbol with slash; death of unknown or other causes, not
Presumptive SUDS (PSUDS); stippled, positive BS (No 2, 24); stippled with
slash, PSUDS. closed symbol = NSUDS (No.25,BS positive) a, b, ¢, d, e and f

are letters coded for the HLA-DRB-DQB1 haplotypes
a = HLA-DRB1*1502/08, DRB5*0102/03/08N, DQB1*0501 (R2-Q1)

b = HLA-DRB1*12021, DRB3*0202/10/12-15, DQB1*0301/09 (R8-Q6)
¢ = HLA-DRB1*0405/29/30, DRB4*0101/02-05, 0201N, DQB1*0401(R5-Q8)
d = HLA-DRB1*09012,DRB4*0101/02-05 0201N,DQB1*03032/033(R15-Q7)

D
I

The same as (a)
f = HLA-DRB1*1404, DRB3*01011/014/04, DQB1*05031 (R11-Q3)

studied cases

v

Note: Male in generation | was deceased.Two inherited haplotypes with BS were found:
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Family C: Nine persons were included in the HLA-Class Il typing; seven persons are

relatives and one female is spouse of the BS-positive case.

Five types of HLA-DRBL1 alleles, 5 types of HLA-DQBL1 alleles and 5 types of

HLA-DRB1-DQB1 haplotypes were detected (Tablel0). The predigree of family C was

showed in Fig16.

Tablel10. HLA allelic types and haplotypes in members of family C with and without BS

No.alleles No.alleles HLA-DRB1-DQB1 No. haplotypes
HLA- HLA-
haplotypes

DRB1 DQB1

BS+ BS- BS+ BS- BS+ BS-
1502/08 0 2 [0501 (Q1) 0 2 | DRB1*1502/08-DQB1*0501 (R2- 0 2
(R2) Q1)
0405/29/3 0 3 05031 (Q3) 2 1 | DRB4*0405/29/30-DQB1*0401(R5- 0 3
0(R5) Q8)
12021 3 1 |0301/09 3 1 | DRB1*12021-DQB1*0301/09(R8- 3 1
(R8) (Q6) Q6)
1404 2 1 03032/033(Q7 1 3 | DRB1*1404-DQB1*05031 (R11- 2 1
(R11) Q3)
09012 1 3 ]0401 (Q8) 0 3 | DRB1*09012- 1 3
(R15) DQB1*03032/033(R15-Q7)
Total 6 10 | Total 6 10 Total haplotypes 6 10
alleles alleles
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Two inherited haplotypes with BS were found:
Two inherited haplotypes with BS were found:

1) R8-Q6: ID 2 in the second generation and 24 and 25 in the third generation with
haplotype distribution of 75% among the available cases for HLA-Class Il typing (3 out
of 4 members).

2) R15-Q7: ID2 in the second generation with haplotype distribution of 25% (1
out of 4 members).

HLA-DRB1*12021-DQB1*0301/09(R8-Q6) was transmitted from the affected
father (ID2) to the affected off spring D24 and 25 with haplotype distribution of 75% (3
out of 4members).So the risk haplotype might be HLA-DRB1*1202DQB1*0301/09

Note that the first generation is not included in the haplotype distribution.
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Family
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Figure 17. A pedigree of Sudden Unexplained Death Syndrome (SUDS) victim (Family D)

o

>

Circles indicate females; squares males; open symbol, negative Brugada Sign
open symbol with slash; death of unknown or other causes not presumptive
SUDS (PSUDS); open symbol with question mark, ECG data not available;
stippled, positive Brugada Sign (No 261, 266, 2613, 2622), a, b, c, d, e, f, g and
h are letters coded for the HLA-DRB-DQB1 haplotypes

a = HLA-DRB1*12021, DRB3*0202/10/12-15, DQB1*0502 (R8-Q2)

b = HLA-DRB1*1307, DRB3*0202/10/12-15, DQB1*0301/09 (R9-Q6)

¢ =HLA-DRB1*0301/06/18,DRB3*0202/10/12-15,DQB*0201/02 (R4-Q5)
d =HLA-DRB1*1502/08, DRB5*0101/05/09, DQB1*0501(R2-Q1)

e =HLA-DRB1*1401/26/39, DRB3*0301, DQB1*05031 (R10-Q3)

f =HLA-DRB1*1404, DRB3*01011/014/04, DQB1*05031(R11-Q3)

g =ThesameasC

h =HLA-DRB1*1401/26/39, DRB3*0202/10/12-15,DQB1*0502(R10-Q2)
v = studied cases

Note: In generation I, the male was deceased and the alived female was BS-
positive. They were consanguineous married. One of them had ab and the other

had cd genotype.
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Family D: Nine persons were included in the HLA-Class Il typing; Eight persons are

relatives and one female is spouse of the PSUDS case. Six types of HLA-DRBL1 alleles, 5

types of HLA-DQB1 and 7 types of HLA-DRB1-DQB1 haplotypes were detected (Table

11). The predigree of family D was showed in Figl7.

Tablell. HLA allelic types and haplotypes in members of familyD with and without BS

No.alleles No.alleles HLA-DRB1-DQB1 No. haplotypes
HLA- haplotypes
HLA-DQB1
DRB1 BS BS- BS BS- BS+ BS-
+ +

1502/08 1 1 0501 (Q1) Iy 1 | DRB1*1502/08-DQB1*0501 1 1

(R2) (R2-Q1)

0301/06/08 4 3 0502 (Q2) 2 3 | DRB1*0301/06/18- 4 3

(R4) DQB1*0201/02(R4-Q5)

12021 (R8) 2 1 | 05031 (Q3) 1 2 | DRB1*12021-DQB1*0502 2 1
(R8-Q2)

1307 (R9) 0 1 ]0201/02 (Q5) | 4 3 | DRB1*1307-DQB*0301/09 0 1
(R9-Q6)

1401/26/39( | 1 3 ]0301/09 (Q6) 0 1 | DRB1*1401/26/39- 1 1

R10) DQB1*0502 (R10-Q2)

1404 (R11) 0 1 DRB1*1401/26/39- 0 2
DQB1*05031 (R10-Q3)
DRB1-1404-DQB1*05031 0 1
(R11-Q3)

Total 8 10 | Total 8 10 Total haplotypes 8 10

alleles alleles
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Three inherited haplotypes with BS positive were found :

1) R8-Q2: ID 261 and 266 in the second generation with haplotype distribution
of 66.7% (2 /3 members carrying R8-Q2 showed BS-positive).
2) R4-Q5: ID 261 and 262 (PSUDS) in the second generation, 2613 and 2622 in
the third generation(4/6 member with R4-Q5 showed BS-positive) with
haplotype distribution of 66.7%
3) R2-Q1: ID 263 and 266 in the second generation (1/2 showed BS-positive) with
haplotype distribution of 50%
In this family one of their parent in generation | passed the HLA-
DRB1*0301/06/18-DQB1*0201/02 (R4-Q5) haplotype to off spring 1D261, 262 and
these affected male 1D261, 262 in generation Il passed thise haplotype to the affected off

spring 1D.2613 (male) and 1D2622 (female, homozygous) in the third generation.
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Figure 18. A pedigree of Sudden Unexplained Death Syndrome (SUDS) Victim (family E)
circles indicate females; squares; males; open symbol, negative Brugada Sign. Open
symbol with slash; death of unknown or other causes not presumptive SUDS
(PSUDS); open symbol with question mark. ECG data not available/ stippled; positive
Brugada Sign (No 110, 120, 140, 132, 113) closed symbol; NSUDS (No 121). a, b, c,
d,e f, g, hi,j, are letters coded for the HLA-DRB- DQBL1 haplotypes.
a=HLA-DRB1*12021 , DRB3*0301 , DQB1*0301/09 (R8-Q6)

b =HLA-DRB1*1501/09 , DRB5*01011/09 , DQB1*0502 (R1-Q2)
¢ = HLA-DRB*0701/03/04,DRB4*0101/04/05,0201N,DQB1*0201/02(R13-Q5)
d = HLA-DRB1*0801/16-DQB1*06011/013 (R14-Q4)
e = HLA-DRB1*1101/24/39 , DRB3*0202/10/12-15 DQB1*0301/09 (R7-Q6)
f=-
g = the same as a
h = HLA-DRB1*1422, DRB3*0202/10/12-15, DQB1*06011/013(R12-Q4)
i = HLA-DRB1*0701/03/04-DQB1*0301/09 (R13-Q6)
v = studied cases
Note: Both male and female in generation | were deseased. The male had

Positive.One of them is addressed to have ab and cd genotype.
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FamilyE: Eight persons were included in the HLA-Class Il typing; Seven persons are
relatives and one female is spouse of the PSUDS case.
Six types of HLA-DRB1 alleles, 4 types of HLA-DQB1 and 7 types of HLA-
DRB1-DQB1 haplotypes were detected (Table 12).The pedigree of family E was showed
in Fig18.

Table 12. HLA allelic types and haplotypes in members of family E with and without BS

No.alleles No.alleles HLA-DRB1-DQB1 No. haplotypes
HLA-
HLA-DQB1 haplotypes
DRB1
BS+ BS- BS+ BS- BS+ BS-
1501/09 T 0 | 0502 (Q2) (E 0 | DRB1*1501/09-DQB1*0502 (R1-Q2) 1 0
(R1)
1101/24/3 1 0 06011/013 (Q4)| 3 3 DRB1*1101/24/39-DQB1*0301/09(R7- 1 0
9 (R7) Q6)
12021 4 1 0201/02 (Q5) 2 0 DRB1*12021-DQB1*0301/09(R8-Q6) 4 1
(R8)
1422 0 2 | 0301/09 (Q6) 6 1 | DRB1*1422-DQB1*06011/013  (R12- 0 2
(R12) Q4)
0701/03/0 3 0 DRB1-0701/03/04-DQB1*0201/02 2 0
4 (R13) (R13-Q2)
0801/16 3 1 DRB1*0701/03/04-DQB1*0301/09 1 0
(R14) (R13-Q6)
DRB1*0801/16-DQB1*06011/013 3 1
(R14-Q4)
Total 12 4 | Total 12 4 Total haplotypes 12 4
alleles alleles
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Four inherited haplotypes with BS positive were found:

1) R8-Q6: ID 110 and 140 in the second generation and 132 in the third generation
were BS positive.Case130 is also addressed to have this haplotype by information from
his child.

2) R1-Q2: ID120 in the second generation.

3) R13-Q5: ID110 in the second generation and 113 in the third generation.

4) R14-Q4: 1D120, 140 in the second generation and 121 with haplotype
distribution of 75% (3 out of 4 members carried R14-Q4)

One of parent in generation | passed the HLA-DRB1*12021-DQB1*0301/09 (R8-Q6)
to the sibling 110, 113, 140 in the second generation and 132 in the third generation.
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Figure 19. A representative case for HLA-Class Il (DRB1&DQB1) typing by PCR-
SSO.The probe-bound amplified products were detected by color formation.A
purple brown of streptavidine alkaline phosphatase conjugate and BCIP/NBT
substrate which were positive on the HLA-DRB decoder strips for HLA-
DRBL1.A blue line of SA-HRP conjugate,H,0, and TMB substrate which were
positive on the HLA- DQBJ1 typing strip.( Family B, ID 171;HLA-
DRB1*09012,DRB4*0101/03-05- DQB1*03032/033)
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The SUDS families presented autosomal dominant mode of inheritance

As the mendelian pedigree, an affected person usually has at least one affected
parent. In this work family D and E had one affected parent in the first generation, and the
others, family A, B and C had affected parent in the second generation affected both sex
andtransmitted by both sexes.

A child of an affected x unaffected mating has around 50% chance of being affected

Many risk haplotypes are involved

In human pedigree, the proportion of affected children is not very reliable
indicator. This is because the numbers in any families are too small for statistical
confidence. So, collection of family data was performed and analysed statistical evidence
of major allele and major haplotype. Fifteen types of HLA-DRB alleles, 8 types of HLA-
DQB1 alleles and 21 types of HLA-DRB1-DQB1) haplotype were detected in our series
(tablel3, table 14).
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Table 13. Frequencies of HLA-DRB1, DQBL1 alleles in BS-positive cases and

controls (BS-negative)

Allelic BS +ve cases( Controls (BS —ve)
HLA alleles %) (%) OR P-value
code n=18 n=27
DRB1* 1501/09 R1 3 3 1.6 0.9
DRB1* 1502/08 R2 2 8 0.3 0.2
DRB1* 1504 R3 1 3 0.5 0.9
DRB1* 0301/06/18 R4 4 4 1.6 0.8
DRB1* 0405/29/30 R5 0 3 - -
DRB1* 1101/04 R6 0 3 - -
DRB1*1101/24/39 R7 1 0 -
DRB1* 12021 R8 11 (61.1) 7 (25.9) 4.5 0.02
DRB1* 1307 R9 0 1 - -
DRB1* 1401/26/39 R10 1 3 0.5 0.9
DRB1* 1404 R11 X 5 0.9 0.8
DRB1* 1422 R12 0 2 - -
DRB1* 0701/03/04 | R13 4 (22.2) 2 (7.4 3.6 0.16
DRB1* 0801/16 R14 3 (16.7) 1 (3.7) 5.2 0.14
DRB1* 09012 R15 3(16.7) 9 (33.3) 0.4 0.4
DQB1* 0501 Q1 1 4 0.3 0.6
DQB1* 0502 Q2 6 9 1 0.7
DQB1* 05031 Q3 4 6 1 0.7
DQB1* 06011/013 Q4 6 11 0.7 0.85
DQB1* 0201/02 Q5 7(38.9) 6 (22.2) 2.2 0.44
DQB1* 0301/09 Q6 9 (50) 6 (22.2) 3.3 0.10
DQB1* 03032/033 Q7 3 9 0.4 0.4
DQB1* 0401 Q8 0 3
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Table 14. Comparison of HLA-DRB1-DQB1 haplotype in BS-positive cases and

controls (BS-negative cases)

BS- positive | BS- negative
HLA-DRB1-DQB1 Haplotype cases cases OR | p-value
haplotype code n= 18 n = 27
DRB1*1501/09- R1-Q4 P (14) 3(11.1) 1 0.6
DQB1*06011/013
DRB1*1501/09-DQB1*0502 R1-Q2 1(5.5) 0 - -
DRB1*1502/08-DQB1*0501 R2-Q1 1(5.5) 4 (14.8) 0.3 0.6
DRB1*1502/08-DQB1*0502 R2-Q2 1(5.5) 2(7.4) 0.7 0.7
DRB1*1502/08- R2-Q4 0 2(7.4) - -
DQB1*06011/013
DRB1*1504- R3-Q4 1(5.5) 3(11.1) 0.5 0.9
DQB1*06011/013
DRB1*0301/06/08- R4-Q5 4 (22.2) 4 (14.8) 1.6 0.8
DQB1*0201/02
DRB1*0405/29/30- R5-Q8 0 3(11.1) - -
DQB1*0401
DRB1*1101/04- R6-Q6 0 3(11.1) - -
DQB1*0301/09
DRB1*1101/24/39- R7-Q6 1(5.5) 0 - -
DQB1*0301/09
DRB1*12021-DQB1*0502 R8-Q2 4(22.2) 5(18.5) 1.3 0.9
DRB1*12021- R8-Q6 7 (38.9) 2(7.4) 7.95 0.01
DQB1*0301/09
DRB1*1307-DQB1*0301/09 R9-Q6 0 1(3.7) - -
DRB1*1401/26/39- R10-Q2 0 2(7.4) - -
DQB1*0502
DRB1*1401/26/39- R10-Q3 1(5.5) 1(3.7) 1.5 0.6
DQB1*05031
DRB1*1404-DQB1*05031 R11-Q3 3 (16.6) 5 (18.5) 09| 03
DRB1*1422- R12-Q4 0 3(11.1) - -
DQB1*06011/013
DRB1*0701/03/04- R13-Q5 3 (16.6) 2(7.4) 2.5 0.6
DQB1*0201/02
DRB1*0701/03/04- R13-Q6 1(5.5) 0 - -
DQB1*0301/09
DRB1*0801/16- R14-Q4 3 (16.6) 1(3.7) 5.2 0.3
DQB1*06011/013
DRB1*09012- R15-Q7 3(16.6) 9(33.3) 0.4 0.3

DQB1*03032/033
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Among the 15 types of detectable HLA-DRB1 alleles (Tablel3), HLA-
DRB1*12021 was the most common type in BS-positive cases, (61.1%). It was
significantly difference from the control cases (BS-negative cases) (P = 0.02). For the
HLA-DQB1, the most common type was HLA-DQB1*0301/09 (50.0%). Although the
frequency was not statistical difference when compared to the control group. Twenty one
(HLA-DRB1-DQB1) haplotypes were observed in the five Thai families with SUDS.
Two interesting haplotype patterns of HLA-DRB1-DQB1 were shared in two SUDS
families. The HLA-DRB1*12021-DQB1*0502 (R8-Q2) was found in 2/3 of BS-positive
member of family B (12,20) and 2/4 of family D (261,266), HLA-DRB1*12021-
DQB1*0301/09 was found in all 3 BS-positive members of family C (2, 24, 25) and 4/6
of BS-positive member of family E (110, 140, 121, 132). Noteworthy, the haplotype,
HLA-DRB1*12021-DQB1*0301/09 (R8-Q6) shows the discriminating power between
the group of patterns with BS-positive and persons with BS-negative (control) as this
haplotypes gave an Odd Ratio of up to 7.95. We suggest that the HLA-DRB1*12021-
DQB1*0301/09 is the possible susceptible haplotype for the risk of SUDS (BS-positive
cases (OR = 7.95, P-value = 0.01) For Transmission disequilium test (TDT) to determine
the hereditary transmission and association, we found that HLA-DRB1*12021 allele and
HLA-DRB1*12021-DQB1*0301/09 showed
preferential transmission and association with BS (TDT=6.2 and 4.5 respectively).

In conclusion the HLA-DRB1*12021 allele and the HLA-DRB1*12021-
DQB1*0301/09 haplotype show preferential transmission and associations with BS-
positive or arrhythmogenic markers that identify a high risk groups of SUDS as

summarized in Table 15 and Tablel6.
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Table 15. Allelic and haplotypic association with BS-positive cases

BS- positive BS- negative

HEA n=18 % n=27 % OR P-value

Allelic

HLA-DR1* 12021 11 (61.1) 7 (25.9) 4.5 0.02
Haplotypic association

HLA-DRB1*12021-DQB1* 7 (38.9) 2 (7.4) 7.95 0.01
0301/09

Table 16. TDT test for HLA-DRB1 and DQB1 Alleles in Thai SUDS (Lai-Tai) families
with BS-positive Probands

Number
No Allele % Transmitted Non-transmitted TDT | P-value
families
DRB1*
1 1501/09 2 40.0 1 1 0.
2 1502/08 4 80.0 2 4 0.6
3 1504 1 20.0 1 1 0.
4 1202 4 80.0 11 2 6.2 <0.025*
5 1404 1 20.0 1 2 0.3
6 0901 3 60.0 3 5 0.5
DQBI1*
1 0501 1 20.0 1 3 1.0
2 0502 3 60.0 5 8 0.7
3 05031 1 20.0 1 2 0.3
4 | 06011/01 2 40.0 4 4 0.
3
5 0301/09 2 40.0 7 2 2.8
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CHAPTER VI
DISCUSSION

SUDS is characterized by an abnormal electrocardiogram (ECG) with the ST-
segment elevation in leads V1-V3 and sudden death due to ventricular fibrillation,
identical to that seen is Brugada syndrome (20,21). Patients without demonstrable
structural heart disease who have Brugada-type ECG (BS) showing right bundle
branch block (RBBB) are at high risk for sudden death (22). Alternatively, the
prevalence of asymptomatic Brugada-typeECG (the coved-type 0.3%,the
saddleback-type,0.9%) was observed 1.20% (95) in healthy Thai worker men.The
coved-type which is definite of Brugada ECG, in addition 14% of normal individual
with coved type ECG will have ventricular fibrillation and sudden cardiac death (96)

SUDS is a disease related to Brugada syndrome and thought to be a genetic
disorder. To know the ECG pattern characteristic of the syndrome or unmask the
transient normalized ECG pattern, physicians have to introduce drug (ajmaline,
flecainide and procainamide) to a suspected case. However,ventricular fibrillation can
be occurred 0.5% (97). In this work,oral flecainide was used (98).HLA-Class 1l
(DRB&DQB1) were analyzed in Thai-SUDS families.

We concerned with the 5 Thai SUDS (Lai-Tai) families with 3 generations in each.
The families’ original residences were at the Northeast of Thailand (Nakhon Phanom
and Sakhon Nakhon provinces).According to the epidemiology of SUDS in Thailand

(27),the most victims were Northeastern Thai as shown in this following table
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Epidemiology of SUDS

FACTOR CASE
SEX
Male 97%
Female 3%
AGE 25 — 54 years
PROVINCE 16%
North

65%
North —eastern

15%
Central 3.5%
South 70
Family history similar 18.3%
Died whilst asleep 87.4%
Died whilst rest 12.6%
Times Early morning

(6.00 a.m. — 8.00 a.m.

The analysis included 18 cases (13 males, 5 females) with Brugada sign (BS-
positive) and 27 controls (11 males, 16 females) without BS (BS-negative).Our results
show that The HLA-DRB1*12021 allele was the most common allele observed in Lai-
Tai families. It distributes in 4 of the 5 Lai-Tai families. This allelic type appeared
(61.1%) in higher proportion in the patients with BS-positive than in BS-negative
person (25.9%) and normal population (15%)(99) with statistically difference (P=0.02
and P<0.0001 respectively). For HLA-DQB1 allele, HLA-DQB1*0301/09 was
observed in more cases of BS-positive than BS-negative, but the difference is not
reach statistical significance. Elaborating analysis of HLA-DRB1*12021-
DQB1*0301/09 haplotype revealed that this combination of the two allelic type were
seen in 7 of 18 BS-positive cases(38.9%)which is higher than normal population
(19%)(99) and showed a strong association with BS (OR=7.95,P=0.01), a
characteristic of high risk for SUDS. Instead of detection of Brugada sign
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(BS),HLA-DRB1*12021 allele and HLA-DRB1*12021-DQB1*0301/09 haplotype
could be one another genetic marker for SUDS at high risk.

The Thai SUDS or Lai-Tai families showed the pattern of autosomal dominant
inheritance(100).The ratio of BS-positive males to females in this study was
2.6:1(13:5), but the ratio of HLA-DRB1*12021 allele in BS-positive male and female
was 10:1 which is greater than those of BS-positive in males and females So, it could
be said that BS-positive male who carried HLA-DRB1*12021 allele will get more risk
of Lai-Tai than those of BS-positive female. The HLA-DRB1*12021-DQB1*0301/09
haplotype was observed only in BS-positive males and accounted for 38.9% of all BS-
positive cases. This genotypic data indicated that Thai SUDS has autosomal
recessive inheritance with high penetrance for BS but low penetrance for PSUDS
and SUDS.

We therefore, strongly believe that SUDS associated HLA haplotypes could be
inherited from a presumptive SUDS (PSUDS) parent and persons carrying these
haplotypes are susceptible to get the syndrome. For instance, one PSUDS in Family A
(ID 22, Figl4.) possessed HLA-DRB1*1501/09-DQB1*06011/013 and HLA-
DRB1*09012-DQB1*03032/033 (R15-Q7) haplotype, and passed them to his four
children. PSUDS ID 17 in Family B carried HLA-DRB1*09012-DQB1*03032/033
haplotype and passed it to his child 171. The 171 received the maternal haplotype,
HLA-DRB1*1501/09-DQB1*06011/0163 (R1-Q4). Child 171 then carried the same
HLA-DRB1-DQB1 haplotype in both two alleles (HLA-DRB1*09012-
DQB1*03032/033, HLA-DRB11501/09 DQB1*06011/013) as PSUDS ID 22 of
Family A. Interestingly, this observation suggests the possibility of a common
ancestor in these two families, and may imply a founder effect of SUDS in the
community. In addition, ID 171 carried the BS phenotype, which migth prone to be
Lai-Tai. However, too small number of families to conclude those.

Although ECG was not available for PSUDS ID 22, he revealed to have
symptoms which compatible with SUDS such as age (20-50 years), event taking place
during sleep or a short nap, victims known to be healthy until immediately before the
event, difficulty breathing, difficulty or unsuccessful of being awaken and then died.
Factors other than genetic that may be involved are some environmental factors (6),

psychological factors (i.e., stress due to socioeconomic problems)(4) and potassium
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deficiency (6), which would trigger malignant ventricular arrhythmia and cause
sudden death. Since BS is a common feature in SUDS or NSUDS person, it represents
an arrhythmogenic marker that is useful for clinically identifing patients at risk from
Sudden Unexplained Death Syndrome.

In our previous preliminary study in 2 families with SUDS, HLA-
DRB1*09012-DQB1*03032/033 (R15-Q7) and HLA-DRB1*12021-DQB1*0502 (R8-
Q2) seemed to be the susceptible risk haplotypes. However, when all the five Lai-Tai
families were concluded, the SUDS associated haplotype was rather demonstrated to
be HLA-DRB1*12021-DQB1*0301/09 than the former two haplotypes. We found that
HLA-DRB1*12021 was a moderate risk factor with a statistical odds ratio of 4.5. The
combined HLA-DRB1*12021-DQB1*0301/09 haplotype provides obvious
discrimination for a high risk of SUDS from the lower risk or the non-risk group (OR
=7.95, P =0.010).

Therefore, we strongly suggest herein that haplotype HLA-DRB1*12021-
DQB1*0301/09 is a risk factor or the SUDS associated factor. This is the first report
of HLA haplotype as a risk factor for SUDS or Lai-Tai. However accumulating
evidences indicate that Lai-Tai is a multifactorial disorder. Multiple genes may be
participate in an individual, triggered by environmental factors. Mutation of R367H
and A735V of the SCN5A gene (the gene on the short arm of chromosome 3, that
controls the cardiac sodium channel kinetics) in Lai-Tai has been reported (35). There
might be other unknown genes involved in this disorder. For example, genes for
potassium and calcium action potential, such as Ica, Ikr. Further molecular-genetic
investigation will improve our understanding of this syndrome and lead to an accurate

identification of those who are at high risk for SUDS.
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CHAPTER VII
CONCLUSION

Results from this work indicates that HLA-DRB1*12021 is a moderate risk
allele, and HLA-DRB1*12021-DQB1*0301/09 is risk factor being susceptible HLA
haplotype for high risk of SUDS but only HLA-DRB1*12021 shows preferential

transmission. Those allele could be a new marker for high risk of SUDS.

Some diseases may be associated with an HLA haplotype within family but
have no associations with any HLA antigen in the general population. Our work is the
prospective study demonstrating that some HLA alleles and haplotypes are risk factors
associated with SUDS. In addition this is a family study with limited number of
members with a known genotypes and BS the risk phenotype associated with SUDS.

Further investigation in the molecular biology and genetics is need to find
other effective diagnostic markers which can improve our understanding of this
syndrome as well as immediate diagnose and prevent the young patients

(asymptomatic carrier) from premature passing away in their sleep.
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APPENDIX A

1. Equipments

1.1Centrifuges
- Beckman table top plus accessories Mode GS-65 with refrigeration unit with
accessory
for 15 cc, 50 cc tubes
- Hettich table top Model universal 16 with refrigeration unit with accessory for 15 cc,
50 cc.
- Beckmen table top plus accessories Model GS-15R with refrigeration unit with
accessory for 2 cc tubes
- Microcentrifuge with accessory for 2 cc, 0.5 cc tubes
1.2 Spectrophotometer
1.3 vortex mixer or equivalent.
1.4 Water bath 37°c, 56°c
1.5 Water bath with shaking plateform (80 rpm; with inclined lid; temperature
adjustable to = 56 °c + 0.5 °c)
1.6 DNA thermal cycler and equipment. (DNA thermal cycler480 Perkin-Elmer)
1.7 Gel electrophoresis apparatus
1.8 UV transilluminator with UV-shield protector
1.9 Micro wave for gel preparation
1.10 FCR-10 Camera
1.11 Other materials
- Adjustable pipettes to deliver 1 to 20 ul, 20-200 pl and 200-1,000 p for DNA
extraction and Amplification separately
- Disposable sterile pipette tips (preferably cotton-plugged)
- Sterile microtubes
- Microtube racks
- Disposable gloves
- Deep freezer -80 °c, 30°
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- Refrigerator : 4 °c
- Aspiration apparatus
- Calibrated thermometer
- Graduated cylinders (10, 25, 50 and 100 ml)
- Disposable sterile pipette tips.
- Forceps for strip handling
- Orbital, reciprocal or rocking plateform shaker
- Glass pipette “pasteur” 5 inch
2. Chemical , Reagents and solution
2.1 DNA extraction solutions
Red Cell Lysis Buffer (RCLB)

1.6 M Sucrose 547.68 gm
5% TritonX-100 50 ml
MgCl,6H,0 50.8 gm
1M Tris-HCI pH 7.5 60 ml
DW (dH0) to 1,000 mil

Store at 4 °c

Sterile by autoclaving or filter

1M Tris-HCI 7.5
Tris base 121.1 gm
DW (dH,0) 800 mi

Adjust pH by adding conc HCI. Allow to cool at room temp before making the final
adjustment to the pH. Make up the volume of the solution to 1 liter.
Sterile by autoclaving

5 x proteinase K-buffer

0.375 M. NaCl =6 M. NaCl 63 ul
0.12 M. EDTA pH8 =1M.EDTA 120 ul
DW 1,000 ul
Sterile by autoclaving or filter store at 4°c

6 M. NaCl

NaCl 350.66 gm

DW 1,000 ml
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Sterile by autoclaving, store at room temp.

1 MEDTA
Na,EDTA 2 H,0O 372.24 gm
DW 800 ml

Adjust the pH with NaOH (pH8.0) ~ 20 gms of NaOH pellets. Sterile by autoclaving,

store at room temp.

Proteinase K enzyme Solution.
10 mg proteinase dissolve in 1 ml of dH20
Store at — 200c
20% SDS (Sodium dodecyl sulfate)
SDS 20 gm
DW 80 ml
(SDS powder should be handled in a hood. The powder should not be inhaled. Use a
mask to protect against inhalation. The SDS solution is safe).
Heat to 68°c to assist dissolve adjust the pH to 7.2 by adding a few drops of
conc HCL adjust to 100 ml. Non sterile.
2.2 Elcetrophoretic analysis solution
10 x TBE (Stock solution) pH 8.3

Tris 121.0 gm
Boric acid 75.0 gm
Na,EDTA 2H20 7.44 gm
Adjust the Volume to 1,000 ml
Store in a plastic bottle

0.5 X TBE

Mix 50 ml of 10 x TBE with 950 ml of DW
Store in a plastic bottle, Store at room temp.
Ethidium bromide solution (10 mg/ml)
Ethidium bromide 05 gm
DW 50 ml
Stir on a magnetic stirrer for several hour to ensure that the dye leas dissolved.

Transfer to a dark bottle and store at 4°c
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Ethidium bromide is a powerful mutagen Wear gloves when handling gels or
solutions containing ethidium bromide, wear mask when weighing out the powder.

For Use 250 ul of Ethidium bromide/4 liter of TBE

2% Agarose gel
Ultra pure Agarose 2 gm.
0.5x TBE 100 ml

by boiling in a microwave oven Cool to 60°c
15 pl of Ethidium bromide/300 ml agarose.
Sample Loading Buffer

Glycerol 5 ml
Na,EDTA .2H,0 0.37 gm
Sodium dodecylsulfate 0.1 gm
Bromphenol blue 0.01 gm
Deionized water to 10 ml
pPBR 322 marker
10x Buffer (for Hae-l111) 50 ul
DW 385 ul
Hae- 111 enzyme 10 unit/ul 15w 1}
Total 500 ul

mix in 37 oc water bath 3 hrs run gel (pBR322-Hae- 111 4 ul + loading
buffer 1 pl) visualize band (ok), loading buffer is added to 620 pl distribute vialy 100
ul each.
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Abstract. Thai Sudden Unexplained Death Syndrome (Thai SUDS), or Lai-Tali, is
a major health problem among rural residents of northeastern Thailand. The cause has
been identified as a genetic disease. SUDS, a disorder found in Southeast Asia, is
characterized by an abnormal electrocardiogram with ST-segment elevation in leads
V1-V3, identical to that seen in Brugada Syndrome (Brugada Sign, BS) and sudden
death due to ventricular fibrillation and cardiac arrest (represents an arrhythmogenic
marker that identifies high-risk  for SUDS). SUDS victims have a sleeping disorder
(narcolepsy). The HLA-DR locus is tightly associated with narcoleptic Japanese
patients and HLA-DR2, DQ haplotypes were also found in Oriental narcoleptic
patients. These circumstances prompted us to study the association between the
disease and HLA Class Il by HLA DNA typing using a PCR-SSO method, with five
Thai SUDS families (18BS-positive subjects as the cases, and 27 BS-negatives as the
controls). We found that the HLA-DRB1*12021 allele was significantly increased in
BS-positive subjects (P=0.02,0R=4.5), the same as the HLA-DRB1*12021-
DQB1*0301/09 haplotype (P=0.01;0R=7.95). Our data suggests that the HLA-
DRB1* 12021 allele associated with BS and the HLA-DRB1*12021-DQB1*0301/09
is a haplotype susceptible to arrhythmogenic markers that can identify a high risk for
SUDS.

Key words: Sudden Unexplained Death Syndrome; SUDS; Brugada sign; HLA-DR;
HLA-DQ
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Introduction

Sudden Unexplained Death Syndrome (SUDS) is defined as a sudden
unexpected death during sleep in previously healthy young adults without clearly
defined causes (Parrish RG et al, 1987). It has many local names such*“Bangungut” in
the Philippines, “Pokkuri” in Japan, and “Lai-Tai”in Thailand (Tungsanga K and
Sriboonlue P, 1993; Tatsanavivat P et al, 1992).In Thailand, most victims came from,
or lived in Northeastern (NE) Thailand (Tungsanga K and Sriboonlue P,1993;
Tatsanavivat P et al,1992; Nimmanit S et al,1991). SUDS first attracted Thai public
attention when young Thai workers in Singapore suddenly died in their sleep. During
the period 1982-1990, 230 young Thai workers in Singapore suddenly died (Goh KT
et al, 1990).Twenty-seven percent to 40% of their relatives also died in the same
manner. In other words, 18% of the victims had brothers who died of SUDS
(Tatsanavivat P et al, 1991).Therefore, it is suggested that SUDS is a genetic disease.

HLA-DR and HLA-DQ antigens are HLA-class Il gene products encoded from
the short arm of chromosome 6 in the HLA-D region (Franke U and Pellegrin
MA,1977;Trowsdale J et al,1985) and play a central role in immune regulation
(Unanue ER and Allen PM,1987;Pullen AM et al, 1998) organ
transplantation(Carpenter CB,1994)and susceptibility to a number of diseases
(Dawkin RL et al, 1993 ; Tiwari IL and Terasaki PI, 1985) They are glycoproteins
consisting of an alpha (o) and a beta () chain as heterodimers on the cell surface of
antigen-presenting cells, such as B-lymphocytes and monocytes. HLA-DRB1 (B
chain) and HLA-DQBL1 are highly polymorphic. The allelic polymorphisms are
mainly located on the second exon of the genes. The association of HLA-DR antigens
with narcolepsy (a sleep disorder) has been reported (Juji T et al, 1984; Langdon N et
al, 1984 ; Honda Y et al, 1984 ; Honda Y et al, 1986 ; Matsuki K et al, 1986).
Moreover, the HLA-DR2, DQ1 haplotype was increased in Oriental narcoleptic
patients (sleep disorder i.e., sleep talking, nightmares, sleep paralysis, etc.) but
negative in Caucasian and Black narcoleptic patients (Andreas-Zietz A et al, 1987).
SUDS survivors, or patients with SUDS criteria who were successfully resuscitated,
have been documented with ventricular fibrillation (VF) cardiac arrest and have ECG
patterns like Brugada Syndrome or Brugada Sign (BS), which is right bundle branch
block (RBBB) and ST segment (part of the ECG wave) elevation in leads V1 to V3
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(Sangwatanaroj S et al, 2001). These clinical signs represent arrhythmogenic markers
that identified a high risk of SUDS (Sangwatanaroj S et al, 2001 and Sangwatanaroj S
et al, 2001 ; Nademanee K et al, 1997) and so-called Brugada sign (BS). Besides
clinical signs, sleeping disorders have also been witnessed to occur in SUDS. In this
work, the HLA-DRB and HLA-DQB1 alleles were analyzed in 5 Thai families with
SUDS (Lai-Tai) and compared with the arrhythmogenic markers of these patients to
identify possible associations between the HLA-DRB and HLA-DQB1 alleles and
SUDS, as well as the hereditary transmitted haplotype for this disorder.

Materials and Method

Subjects

The study was carried out with five Thai families with SUDS from Nakhon
Phanom and Sakhon Nakhon provinces. They were coded as families A, B, C, D and
E. Eleven members of family A (2 were BS-positive) were investigated, 9 members of
family B (3 BS-positive), 8 members of family C (3 BS-positive), 8 members of
family D (4 BS-positive) and 9 members of family E (6 BS positive) (see also Figs 1
to 5).So, these 5-Thai SUDS (Lai-Tai) families (Table 1) consisted of 18 subjects (14
males and 4 females) with BS. Of these, 16 were affected with SUDS and 2 were near
SUDS or survivor SUDS (N-SUDS). Twenty-seven subjects without BS (12 males
and 15 females) were used as controls. All subjects were willing to participate in the

family studies. After obtaining informed consent, blood samples were collected.
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Tablel. Family codes, members and no. BS-positive and -negative in 5 Thai

SUDS families
Family No. BS-positive No. BS-
Codes for family members Total . Other
codes negative
A (21, 23, 26, 27, 29, 220) (F) 11 2 9 NSUDS =1
25 (M), 222 (M) (25, 223) (No. 25)
(223, 224, 225) (F) PSUDS =1
(9 Females, 2 Males) (No. 22)
B (11,12, 13, 16, 20) (F) 18 (M) 9 3 6 NSUDS =1
(143,171, 181) (M) (12,18, 171) (No. 18)
(5 Females, 4 Males) PSUDS =3
(No. 14, 17,
19)
C (1,2,3,4,5) (M), 20 (F) 8 3 5 NSUDS = 1
(24,25) (M) (2,24,25) (No.25)
(1 Female, 7 Males)
D (261, 266) (M), (263, 2620) (F) 9 4 5 PSUDS =1
(2611, 2613, 2614, 2621) (M) (261, 266, 2613, (No. 262)
(2622) (F) 2622)
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(3 Females, 6 Males)
E (110, 140) (M), 120 (F), 8 6 2 PSUDS =1
(12,121, 132) (M) (110, 120, 140, (No. 130)
(113, 122) (F) 121,113, 132) NSUDS =1
(3 Females, 5 Males) (No. 121)
A+B+ 21 Females, 24 Males 45 18 (5F, 13 M) 27 (16
C+D+ F,11M)
E

HLA-DRB, DQB-DNA typing by PCR-SSO

The polymorphisms of HLA-DRB and HLA-DQB1 were investigated by polymerase
chain reaction sequence-specific oligonucleotide (PCR-SSO) typing. The DNA was
amplified by polymerase chain reaction (PCR), and the amplified products were
hybridized with sequence-specific oligonucleotide probes.

In this study, genomic DNA was extracted from white blood cells by salting
out technique (Miller SA et al, 1988; Bein G et al, 1992). The second exon of the
DRB and DQB locus were amplified and tested by PCR-SSO (Saiki RK et al, 1985;
Millus KB and Faloona FA, 1987; Saiki RK et al, 1988; Buyse | et al, 1993). For
DRB typing, reaction mixture including a set of primer DRB1+3+4+5, 86G, 86V and
DRBL1 high resolution kit (INNO-LiPA HLA-DRB decoder amplification, Abbott
Laboratories). 50 ng genomic DNA and PCR reagents were placed in a Perkin Elmer
480 thermal cycler at 95°C for 5 min, and 95, 58 and 72 °C for 20, 30, and 30 sec,
respectively, and for 35 cycles at 72°C for 10 min for one cycle. The quality of the
amplified products was checked in 2% agarose gel electrophoresis. After allelic
amplification, hybridization against 62 sequence-specific oligonucleotide probes
(SSOP) was performed. The probe-bound amplified products were detected by color
formation (Saiki RK et al, 1989) which were positives on the HLA-DRB decoder
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strips. The DRB types were obtained from the LiPA-HLA-DRB decoder typing table
or the LiPA-Expert-HLA-DRB, DQ, DP interpretation software program. For the
DQB1, the reaction mixture, including DQB1 primers (Dynal RELI™ SSO HLA-
DQB1 from Dynal Biotech Ltd. U.K.), 200 ng genomic DNA and PCR reagent
mixture, were incubated in a Perkin-Elmer 480 thermo cycler at 95°C for 5 min, and at
95, 60, and 72°C for 45 minutes, 60 and 60 seconds, respectively for 35 cycles, and
72°C for 5 min for one cycle. After allelic amplification, hybridization against 24
sequence-specific oligonucleotide (SSO) probes was performed and typing was
assigned by reading the pattern on the HLA-DQBL1 typing strip to determine the
positive HLA-DQB1-alleles of the DNA samples. This analysis can be done manually
using the HLA-DQB1 overlying the score sheet and interpretation table, or the Dgnal
RELI™ SSO pattern-matching software program.

Statistical analysis

Allelic frequencies and haplotype associations were estimated by direct
counting. Data were analyzed statistically using the Chi-square test and Fisher’s exact
test. The P-values were corrected by Yates’ correction. The relative risks (RR) or Odd
Ratios were determined according to the Woolf method (Woolf B, 1995).

Results
Fifteen HLA-DRBLI alleles, 8 HLA-DQB1 alleles and 21 HLA-DRB1-DQB1

haplotypes were detected in our series (Tables 2,3).
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Table 2 Frequencies of HLA-DRB1, DQB1 alleles in BS-positive cases and

controls (BSnegative)

Allelic BS +ve cases Controls (BS —ve)

HLA alleles code N=18 ( %) n=27 (%) OR P-value
DRB1* 1501/09 R1 3 3
DRB1* 1502/08 R2 2 8
DRB1* 1504 R3 1 3
DRB1* 0301/06/18 R4 4 4
DRB1* 0405/29/30 R5 0 3
DRB1* 1101/04 R6 0 3
DRB1* 1101/24/39 R7 1 0
DRB1* 12021 R8 11 (61.1) 7 (25.9) 4.5 0.02
DRB1* 1307 R9 0 1
DRB1* 1401/26/39 R10 1 3
DRB1* 1404 R11 3 5
DRB1* 1422 R12 0 2
DRB1* 0701/03/04 R13 4 (22.2) 2 (7.49) 3.6 0.16
DRB1* 0801/16 R14 3(16.7) 1 (3.7) 5.2 0.14
DRB1* 09012 R15 3 (16.7) 9 (33.3)
DQB1* 0501 Q1 1 4
DQB1* 0502 Q2 6 9
DQB1* 05031 Q3 4 6
DQB1*06011/013 Q4 6 11
DQB1* 0201/02 Q5 7 (38.9) 6 (22.2) 2.2 0.44
DQB1* 0301/09 Q6 9 (50) 6 (22.2) 3.3 0.10
DQB1* 03032/033 Q7 3 9
DQB1* 0401 Q8 0 3

Among the 15 detectable HLA-DRBL1 alleles, HLA-DRB1*12021 was the most
common type in BS-positive cases. It was significantly different from the controls.
(BS-negative cases) (p=0.02). For the HLA-DQB1, the most common type was HLA-
DQB1*0301/09 (33.3%), but they did not reach a significant difference from the
control group. Twenty-one HLA-DRB1-DQB1 haplotypes were observed in these 5
Thai families with SUDS.
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Table 3 Comparison of HLA-DRB1-DQB1 haplotype in BS-positive cases and

controls (BS-negative cases)

BS- positive BS- negative
HLA-DRB1-DQB1 Haplotype cases cases OR. | p-value
haplotype code N = 18 % N = 27%
DRB1*1501/09- R1-Q4 2(11.1) 3(11.1)
DQB1*06011/013
DRB1*1501/09- R1-Q2 1(5.5) 0
DQB1*0502
DRB1*1502/08- R2-Q1 1(5.5) 4 (14.8)
DQB1*0501
DRB1*1502/08- R2-Q2 1(5.5) 2(7.4)
DQB1*0502
DRB1*1502/08- R2-Q4 0 2(7.4)
DQB1*06011/013
DRB1*1504- R3-Q4 1(5.5) 3(11.1)
DQB1*06011/013
DRB1*0301/06/08- R4-Q5 4(22.2) 4 (14.8)
DQB1*0201/02
DRB1*0405/29/30- R5-Q8 0 3(11.1)
DQB1*0401
DRB1*1101/04- R6-Q6 0 3(11.1)
DQB1*0301/09
DRB1*1101/24/39- R7-Q6 1(5.5) 0
DQB1*0301/09
DRB1*12021-DQB1*0502 R8-Q2 4(22.2) 5(18.5)
DRB1*12021- R8-Q6 7(38.9) 2(7.4) 7.95 0.01
DQB1*0301/09
DRB1*1307- R9-Q6 0 1(3.7)
DQB1*0301/09
DRB1*1401/26/39- R10-Q2 0 2(7.4)
DQB1*0502
DRB1*1401/26/39- R10-Q3 1(5.5) 1(3.7)
DQB1*05031
DRB1*1404-DQB1*05031 R11-Q3 3(16.6) 5(18.5)
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DRB1*1422- R12-Q4 0 3(11.1)
DQB1*06011/013

DRB1*0701/03/04- R13-Q5 3(16.6) 2 (7.4)
DQB1*0201/02

DRB1*0701/03/04- R13-Q6 1(5.5) 0
DQB1*0301/09

DRB1*0801/16- R14-Q4 3(16.6) 1(3.7)
DQB1*06011/013

DRB1*09012- R15-Q7 3 (16.6) 9 (33.3)
DQB1*03032/033

Two interesting patterns of HLA-DRB1-DQB1 were shared in 2/5 Thai SUDS
families; HLA-DRB1*12021-DQB1*0502 was found in 2/3 of BS-positive members
of family B (12,20) and 2/4 of family D (261,266), HLA-DRB1*12021-
DQB1*0301/09 was found in all 3 BS-positive members of family C (2,24,25) and 4/6
of BS-positive members of familyE (110,140,121,132). It was noteworthy that a
combination of the two alleles, HLA-DRB1*12021-DQB1*0301/09 haplotype, can
clearly discriminate the two groups, as this haplotype gave an Odd Ratio of up to 7.95,
higher than persons without BS. The HLA-DRB1*12021-DQB1*0301/09 was the
susceptible haplotype for the BS-positive cases (OR=7.95, P-value=0.010).

In conclusion, the HLA-DRB1*12021 allele and the HLA-DRB1*12021-
DQB1* 0301/09 haplotype have significant associations with BS-positive or
arrhythmogenic markers that identify a high risk group for SUDS, as summarized in
Table 4. Specifically, the frequencies of HLA-DRB1*12021 and HLA-DRB1*12021-
DQB1*0301/09 haplotypes were significantly increased in BS-positive cases, with P-
values of 0.02 and 0.01, respectively.
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Table 4 Allelic and haplotypic association with BS-positive cases

BS- positive BS- negative
HLA OR P-value

n=18 % n=27 %

Allelic

HLA-DR1* 12021 11 (61.1) 7 (25.9) 45 0.02

Haplotypic association

HLA-DRBI1* 12021 —DQB1* 7 (38.9) 2 (7.4) 7.95 0.01
0301/09

Discussion

In the present study, 15 HLA-DRBL1 alleles and 8 HLA-DQB1 alleles were
determined in Thai SUDS families. The analysis included 18 members (14 males, 4
females) with Brugada signs (BS-positive) and 27 controls (12 males, 15 females)
without BS (BS-negative). The HLA-DRB1*12021 allele was the most frequently
observed compared with the controls, with significant difference. It distributed in 4 of
5 Thai SUDS (Lai-Tai) families. The HLA-DQB1 allele failed to reach s significant
difference when compared with the control, although one type (DQB1*0301/09) was
relatively high in BS-positive cases. The extended analysis of the HLA-DRB1 *
12021-DQB1*0301/09 haplotype revealed that this combination in 7 of 18 BS positive
cases, and showed a significant association with BS, a characteristic of high risk.

The Thai SUDS or Lai-Tai families were of autosomal dominant inheritance.
The ratio of BS-positive males to females in this study was 2.6:1, which is similar to
the ratio for the HLA-DRB1*12021 positive allele in males and females. The
combined HLA-DRB1*12021-DQB1*0301/09 haplotype was observed only in BS
males and accounted for 38.9% of all BS-positive cases.

We believe that SUDS-associated haplotypes could be inherited from a
presumptive SUDS (PSUDS) father and persons carrying these haplotypes are
susceptible to the syndrome. For instance, one PSUDS in family A (No 22, Figl.)
possessed  HLA-DRB1*1501/09-DQB1*06011/013 and HLA-DRB1*09012-
DQB1*03032/033 haplotype, and passed them to his four children. PSUDS No17 in
family B carried HLA-DRB1* 09012-DQB1*03032/033 haplotype and passed it to
his child No 171. Child No 171 received the maternal haplotype, HLA-DRB1*



Pensiri Himmunnga Appendix /90

1501/09-DQB1* 06011/013. Child Nol71 carried the same HLA-DRB1-DQB1
haplotype as PSUDS No 22. Interestingly, this observation suggests the possibility of
a common ancestor in these two families, and may imply a founder effect of SUDS in
the community. In addition, No 171 carried the BS phenotype, which is prone to be
Lai-Tai.

Although ECG was not available for PSUDS No 22, he had some symptoms
compatible with SUDS, such as: age 20-50 years, event taking place during sleep or a
short nap, victims known to be healthy until immediately before the event, difficulty
breathing, difficulty waking or unsuccessful and died. Factors other than genetic that
may be involved are some environmental factors, psychological factors (i.e., stress due
to socioeconomic problems) and potassium deficiency, which might trigger malignant
ventricular arrhythmia and cause sudden death. Since BS is common in SUDS or
NSUDS, it represents an arrhythmogenic marker that clinically identifies patients at
risk from Sudden Death Syndrome.

In our preliminary study, HLA-DRB1*09012-DQB1*03032/033 and HLA-
DRB1*12021-DQB1*0502 seemed to be susceptible risk haplotypes. However,
after all of the 5 Lai-Tai families were investigated, the SUDS associated haplotype
was demonstrated as HLA-DRB1*12021-DQB1*0301/09. We found that HLA-
DRBI*12021 was a moderate risk allele with a statistical odd ratio of 4.5. The
combined HLA-RB1*12021-DQB1*0301/09 haplotype gave obvious
discrimination for a high risk of SUDS from the lower risk or the non-risk group
(OR=7.95, P =0.010).

Therefore, we strongly suggest that haplotype HLA-DRB1*12021-
DQB1*0301/ 09 is a HLA-type SUDS associate that has not been previously reported.
Accumulating evidence indicates that Lai-Tai is a multifactorial disorder. Multiple
genes may participate in a single individual, triggered by environmental factors.
Mutation of R367H and A735V of the SCN5A gene (the gene that controls the cardiac
sodium channel kinetics) in Lai-Tai has been reported (Vatta M et al, 2000). There
might be other candidate genes for SUDS, for example, genes for other potassium and
calcium current in the action potential, such as Ica, Ikr, etc. In this study, the HLA-
DRB1*12021 allele, and the HLA-DRB1*12021-DQB1*0310/09 haplotype are

suggested to be SUDS-associated HLA types. Further molecular-genetic investigation
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will improve our understanding of this syndrome and lead to accurate identification of
those are at high risk of SUDS.
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Family A

| ab cd
A0
21<L 22 \ 23!> zé 2%% ieCL 57<L 28£ 25!)
11 C
ac  (psups) ef bd bd bd ac bd
Bs @
n 221 I_L 222|l| 223é 224(L 2254)
ce ce bf bf

BS
Fig 1- A pedigree of one presumptive@Sudden Unexplained Death Syndrome

(PSUDS) victim (family A). Circles indicate females; Squares males;

open symbol, negative Brugada sign (BS) by post procainamide infusion;

open symbol with slash, death of unknown or other causes; not PSUDS,

stippled; positive BS. stippled with slash; PSUDS. a, b, ¢, d, e and f are

lelters coded for the HLA-DR - DQB haplotypes:
a=HLA-DRB1*1502/08, DRB5*0102/08 N, DQB1* 06011/013 (R2-Q4)
b = HLA-DRB1*09012, DRB4*0101/03/04/05, DQB1*03032/033 (R15-Q7)
¢ = HLA-DRB1*1501/09, DRB5*01011, DQB1*06011/013 (R1-Q4)
d = HLA-DRB1*1504 , DRB5*0102/08 N, DQB1*06011/013 (R3-Q4)
e = HLA-DRB1*0701/03/04, DRB4*01011/03/05, DQB1*0201/02 (R13-Q5)
f=HLA-DRB1*1101/04, DRB3*0202/10/12-15, DQB1*0301/09 (R6-Q6)

v = studied cases
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Family B

ab cd

, A

I 11$ 12% 13é 14 15!) 164} 17
ac ac ac ef bd
BS®

1 14% 142|J__| 143|l| 144|l| 171
ec

b ai

BS

Fig 2- A pedigree of one Near Sudden Unexplained Death Syndrome (NSUDS, No0.18)
and three presumptive Unexplained Death Syndrome (PSUDS, No. 14,17,19)
victim (family B ).Circles indicate females; squares males; open symbol ,
unaffected status; closed symbol, NSUDS; stippled, positive Brugada sign;
stippled with slash; PSUDS. a, b, c,d,e,f,g,h,iandj are letters coded for
the HLA-DR-DQB haplotypes:
a=HLA-DRB1*12021,DRB3*0301, DQB1*0502(R8-Q2)

b = HLA-DRB1*09012,DRB4*0101/03/04/05, DQB1*03032/033(R15-Q7)
¢ = HLA-DRB1*140, DRB3*0207, DQB1*05031(R11-Q3)

d = HLA-DRB1*1502/08,DRB5*0102/08 N, DQB1*0502(R2-Q2)

e= HLA-DRB1*1502/08,DRB5*0102/08N, DQB1*0501(R2-Q1)

f= -

g = HLA-DRB1*1501/09,DRB5*01011, DQB1* 06011/013(R1-Q4)

i = HLA-DRB1*0301/06/18,DRB3*0202/10/12-15, DQB1*0201/02(R4-Q5)

v =studied cases
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Family C

ab cd
1 JZF Q
1 2 27) ?: Z, E:
I —O
ad ad ad

bc ad ef
é] % 23 4} 24 240 2§ 250 26
a—o ~g
af af
Fig 3 - A pedigree of Sudden Unexplained Death Syndrome (SUDS) victim (family C).

Circles indicate females; squares males; open symbol, negative Brugada Sign

I

(BS); open symbol with slash; death of unknown or other causes, not
presumptive SUDS (PSUDS); stippled, positive BS (No 2, 24); stippled with
slash, PSUDS; closed symbol = NSUDS (No.25,BS positive) a, b, c d, e and
f are letters coded for the HLA-DRB-DQB1 haplotypes:
HLA-DRB1*1502/08, DRB5*0102/03/08N, DQB1*0501(R2-Q1)

a =

b = HLA-DRB1*12021, DRB3*0202/10/12-15, DQB1*0301/09(R8-Q6)

¢ = HLA-DRB1*0405/29/30,DRB4*0101/02-05,0201N, DQB1*0401(R5-Q8)
d = HLA-DRB1*09012,DRB4*0101/02-05 0201N, DQB1*03032/033(R15-Q7)

e = The same as (a)
f = HLA-DRB1*1404,DRB3*01011/014/04, DQB1*05031(R11-Q3)

v = studied cases
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Family D

ab cd
JZ#:@
261 2610 262 : 2620 263(! 26% i 26% J}
ac ef gh bd ad
26I1 2612 zsf;é 26L£ 2621 2622
?
cf ce ae ch cg

Fig 4- A pedigree of Sudden Unexplained Death Syndrome (SUDS) victim (Family D).

Circles indicate females; squares males; open symbol, negative Brugada Sign
open symbol with slash; death of unknown or other causes not presumptive
SUDS (PSUDS); open symbol with question mark, ECG data not available;
stippled,positive Brugada Sign (No 261, 266, 2613, 2622).a, b, c, d, e, f,gand h
are letters coded for the HLA-DRB-DQB1 haplotypes:
a=HLA-DRB1*12021,DRB3*0202/10/12-15, DQB1*0502(R8-Q2)

b = HLA-DRB1*1307,DRB3*0202/10/12-15, DQB1*0301/09(R9-Q6)

¢ = HLA-DRB1*0301/06/18,DRB3*0202/10/12-15, DQB*0201/02(R4-Q5)

d = HLA-DRB1*1502/08,DRB5*0101/05/09, DQB1*0501(R2-Q1)

e = HLA-DRB1*1401/26/39,DRB3*0301, DQB1*05031 (R10-Q3)

f = HLA-DRB1*1404,DRB3*01011/014/04, DQB1*05031(R11-Q3)
g=Thesame as C

h =HLA-DRB1*1401/26/39,DRB3*0202/10/12-15, DQB1*0502(R10-Q2)

v =studied cases
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Family E

ab cd

l B—

v . v
11 le==21-1.0) 130 Lo 140
' : AR ?

12 ef ac 120 ij ad
o, r bd
gh
121 122 112 . ’
113 132
10 l J} |J_‘| é 7
gd hd ce ai

Fig 5- A pedigree of Sudden Unexplained Death Syndrome (SUDS) Victim (family E).

Circles indicate females; squares; males; open symbol, negative Brugada Sign.
Open symbol with slash, death of unknown or other causes; not presumptive
SUDS (PSUDS),open symbol with question mark, ECG data not available/
stippled; positive Brugada Sign (No 110, 120, 140, 132, 113), closed symbol;
NSUDS (No 121). a, b, ¢, d, e, f, g, h, i, j, are letters coded for the HLA-DRB-
DQB1 haplotypes:

a=HLA-DRB1*12021,DRB3*0301, DQB1*0301/09(R8-Q6)

b =HLA-DRB1*1501/09,DRB5*01011/09, DQB1*0502(R1-Q2)

¢ = HLA-DRB*0701/03/04,DRB4*0101/04/05,0201N, DQB1*0201/02(R13-Q5)
d = HLA-DRB1*0801/16, DQB1*06011/013(R14-Q4)

e = HLA-DRB1*1101/24/39,DRB3*0202/10/12-15, DQB1*0301/09(R7-Q6)

f= -

g = the same as a

h = HLA-DRB1*1422,DRB3*0202/10/12-15, DQB1*06011/013(R12-Q4)

i = HLA-DRB1*0701/03/04, DQB1*0301/09(R13-Q6)

v = studied cases
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