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CHAPTER |
INTRODUCTION
Background and rationale
Genetic disorders are caused by abnormalities in an individual’s genetic material
(genome). The abnormality can range from a discrete mutation in a single base in the
DNA of a single gene to a gross chromosome abnormality involving the addition or

subtraction of an entire chromosome or set of chromosomes.

Mutations are changes to the nucleotide’sequence of the genetic material of an
organism. It can be caused by copying errors in the-genetic material during cell division.
Mutations can affect the funetion ofL.genes leading to genetie disorders. Some examples
include X-linked adrenoleukodysirophy, v,LGchogen storage disease, Hyper-IgE

syndrome, Holt-Oram syndromey'systemic lupus erythematosus.

=

X-linked adrenoleukodystrophy '(X—ALd) iS'a neurodegenerative disorder, with a
minimum incidence of 1:21,000 males.. X—AL[!)_T‘.:_i,s cause by alterations in the ABCD1
(ATP-binding cassette, sub-family' D [ALDT) gerié‘f’Mutations in this gene cause a defect

'y : e :'J'IJ )
in peroxisomal B—oxidation leading to-an-accumulation of saturated very long chain fatty

acids (VLCFA) in all tissues of pafiéhts,“which results in demyelination. Patients with X-
ALD can be diagnosed by afifncrease i lfong chain fattyacid levels in plasma and

confirmed by mutation analysis in the ABCD1 gene.

Glycogen starage disease ttypesll (Pompe rdisease)=is-an autosomal recessive
progressive muscular disorder caused by mutations in the acid Ol-glucosidase (GAA)
gene. Patients.with-Pompe.disease have impaired.lysosemal.degradation ,causing an
accumulation of glycogen in multiple tissues, which results in severe muscle weakness.
The diagnosis of Pompe disease can be confirmed by mutation analysis in the GAA

gene.

Hyper-IgE syndrome (HIES), a rare primary immune deficiency, is caused by
mutations in the STAT3 (SIGNAL TRANSDUCER AND ACTIVATOR OF
TRANSCRIPTION 3) gene. The clinical features of HIES patients include dermatitis, and


http://en.wikipedia.org/wiki/Nucleotide
http://en.wikipedia.org/wiki/Genetic_material
http://en.wikipedia.org/wiki/Cell_division

recurrent skin and lung infections. HIES can be diagnosed by a finding of increased IgE

levels in plasma or mutation analysis of the STAT3 gene

Holt-Oram syndrome (HOS) is an autosomal dominant disorder, which has an
estimated frequency of 1 in 100,000 live births. The HOS patients were found to harbor
mutations in the TBX5 gene. The clinical features of HOS patients are a variety of upper
limb skeleton malformations and congenital heart defects. HOS can be diagnosed by
clinical features showing upper limb skeleton smalformations with congenital heart

defects or mutation analysis by PCR-sequencing-of.ine 1BX5 gene.
-t

Systemic lupus erythematosus (SLE) is an autoimmune disease inflicting
damage to multiple organs. The/disease prev?lence is 0.05% in general population, with
80-90% of patients being female /The exact etiology of SLE has not been clear, but
genetics, gender, and environmentare _jn\iolvélla iQ_ its pathogenesis. A previous report in
2007 showed that overexpression of DcR3 in iﬂlce resulted in a SLE-like syndrome. In
addition, another report in 2008 revealed thaty SJ_E patients had elevated serum DcR3
levels when compared with DCR3..=_levels of no_rme} controls. DcR3 might be a new

diagnostic parameter and risk fac_tg_r_ SoriSLE; 'I':he._’Qc_RB gene becomes an interesting

new candidate for SLE.

Development in geu-rjetic testing has led 1o significent benefits in improving
patient management including ./more accurate diagnosis, genetic counseling as well as
prenatal diagnosis.

In this study, we demonstratedgvarious approaches for mutation analysis in
several gefietic disorders. \hese methods were'developed to help improve diagnosis of

particular genetic disorders.



Research questions
1. Are Thai patients with clinically diagnosed ALD, Pompe disease, HIE, HOS, and
SLE caused by mutations in the ABCD1, GAA, STAT3, TBX5, SALL4, and DcR3
respectively?
2. Are these techniques practical to detect mutations in ABCD71, GAA, STAT3,
TBX5, SALL4, and DcR3?

Objective

1. To develop techniques of in the ABCD1, GAA, STAT3, TBX5,

SALL4, and DcR3 gen atures consistent with ALD,
Pompe disease, HIE [ [ -Jnv
2. To investigate effi \ ' mutation in the ABCD1,

GAA, STAT3, TBX5y'SA

Hypothesis ‘
Thai patients with cli _’ ) Pompe disease, HIE, HOS, and SLE
carry mutations in the AB AA STA [BX5, SALL4, and DcR3 genes,

respectively.
Y
Technigues of mutation @ '-!t-r'f'»_-_-:‘ have g to detect mutations in Thai

patients with these particulardisorder:

£
Y|

:
ﬂummm'ﬁwmm
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Conceptual framework

Clinically

suspected ALD

Clinically

suspected Pompe

Clinically

suspected HIE

Clinically

suspected HOS

Clinically

suspected SLE

- cDNAamplification
- Enzyme digestion

on hotspot mutation

- cDNA amplification

Cut

Not eut

Analysis and conclusion

Gene: ABCD1 Gene: GAA Gene: STAT3 Gene: TBX5 Gene: DcR3
- DNA extraction - RNAextraction - RN A extraction - DNA extraction - SLEDAI score
- DNA amplification - RT-PCR - RT-PCR - DNA amplification -collect serum

- DNA extraction

- DNA amplification

ELISA assay

Mutation analysis by gBNA/cDNA sequencing

Analysis and conclusion

Analysis and conclusion

Analysis and conelusion

Analysis and conclusion

|dentification of mutation

Yes

Functional

analysis

No

DNAamplification in SALL4

Mutation analysis by sequencing

Analysis and conclusion




Assumption

Cases are the patients with clinically-diagnosed ALD, Pompe, HIE, HOS, or SLE
in which selection criteria were based on clinical presentation.

Controls are healthy volunteers who are unaffected with ALD, Pompe, HIE, HOS,
SLE and have no family history of ALD, Pompe, HIE, HOS, SLE.

’, rophy, X-ALD, ABCD1, Glycogen
-IgE Syndrome, HIES, STAT3,
S

| ——
thematosus, SLE, DcR3

Key words

Mutation analysis, X-linked

o are unaffected with

ALD, Pompe, HIE, HOS a ALD, Pompe, HIE, HOS,

and SLE.

Cases: Blood sample *'F,t@ ; “ iagnosed with ALD, Pompe,
HIE, HOS or SLE. otk .-

Sequencing is the procesg@?ﬁ nucleotide order within DNA and

RNA.

il

mainly in immunology to detect the presence of an antibody oran antigen in a sample.

cassan oo UH AN BN TNYINS

Descriptive %d in vitro studies & . 'y,

A WIANNIUNANTINYS

Ethical Consideration
This study has been approved by the local Ethics Committee. Written informed

consent was obtained from all patients or their parents who participated in the study.
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Limitation
Some diseases have small sample size. Some genes do not express in

leukocytes.

Expected Benefit and Application
This study will help identify Thai patients with ALD, Pompe, HIE, HOS and SLE as

well as to expand the mutation spectru

BCD1, GAA, STAT3, TBX5, SALL4 and

DcR3 genes. In addition, testing f l hy3|C|ans to correctly diagnose
Thai patients leading to appro apy and prenatal diagnosis.
Research Methodology
1. Sample collecti

1.1 Case , HIE, HOS or SLE who

were diagnosed by clinic n Memorial Hospital. Initial
1.2 Controls w. ez thy" blc oﬁors who were unaffected

with ALD, Pompe, HIE, HOS a history of ALD, Pompe, HIE,
HOS and SLE.

2. Study process

2.1 BIoo Y |

2.2 Mutatiomnalysis m
ANESHERINeNT

- PCR RFLP on partictlar regions

q RAIAIMIAIINYA Y

2.3 Agarose gel electrophoresis

2.4 Enzyme-linked immunosorbent assay

3. Data collection and analysis



CHAPTER I
BACKGROUND AND LITERATURE REVIEWS

1. Genetic disorder

A genetic disorder is an illness caused by abnormalities in genes or chromosomes
from a discrete mutation in a single base in the DNA to a gross chromosome or set of
chromosomes. Most disorders are quite rare and affect one person in every several
thousands or millions. There are four different types of genetic disorders (1) single-gene,
(2) multifactorial, (3) chromosomal; and (4) mitoghondrial.

1.1 Single-gene (also callea-Mendelian or-mentgenic)

This type is caused by*changesor mutations that eecur in the DNA sequence of
one gene. Genes code forithe proteins for ﬂ‘glnotions and even make up the majority of
cellular structures. When a'gene'is muta.t‘_ed, its,protein produet can no longer carry out
its normal function, causing a disorder. There}ar_e more than 6,000 known single-gene
disorders, which occur in a@out out'.orf‘ eve%y 200\bifths. Single-gene disorders are
inherited in recognizable patterns: au‘ioéomal c;fgfni‘r:want (AD), autosomal recessive (AR)
and X-linked. S
1.1.1 Autosomal dominant‘; T

et o

Only one mutatedicopy of the inherited gene will besnécessary for a person to

develop a disorder. Eaé:ﬁ_ affected person usually has oﬁé’ affected parent. The
autosomal dominant diseasés have a 50-50 chance of passing the mutant gene and
therefore the disorder onto eachrof their childrens’Examples of this type of disorder are
Huntington's disease, Hyper.lgEsyndromes, Holt-Oramisyndrome, €tc.

1.1.2 Autosomal recessive

Two'copies ofithe "gene must be mutated fora person to: be affected by an
autosomal recessive disorder. An affected person usually has unaffected parents who
each carry a single copy of the mutated gene (and are referred to as carriers). Two
unaffected people who each carry one copy of the mutated gene have a 25% chance
with each pregnancy of having a child affected by the disorder. Examples of this type of
disorder are cystic fibrosis, sickle cell anemia, glycogen storage disease type Il (Pompe

disease)


http://en.wikipedia.org/wiki/Illness
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1.1.3 X-linked

X-lined can be classified into 2 classes

1.1.3.1 X-linked dominant

X-linked dominant disorders are caused by mutations in genes on the X
chromosome. Only a few disorders have this inheritance pattern. Males are more
frequently affected than females, and the chance of passing on an X-linked
dominant disorder differs between men and women. The sons of a man with an
X-linked dominant disorder will not be affected, and his daughters will all inherit
the condition. Awoman with . an X-linked dominant disorder has a 50% chance of
having an affected daughter-or s’én with. each pregnancy. Some X-linked
dominant conditions, sueh as Aicardivsyndrome, are fatal to boys, therefore only
girls have them (andgboys" with Klinéfelter syndrome). Other examples of this
type of disorder are X-linked h';}popiiééphatemia (hypophosphatemic rickets,
vitamin D-resistant rickets), Aicard? syn"'gra'me, and Retl's syndrome.

i

1.1.3.2 X-linked gecessive, 2 4
X-linked recessive disorders aréﬁLso caused by mutations in genes on
the X chromosome. Males éﬁfé'more freg-'j_'e?r’;’[ly affected than females, and the
chance of passing on the disorder differé"iﬁét.&/veen men_land women. The sons of
a man with an Xéiid@%ﬁ%@@@ﬁ%@dted, and his daughters
will carry one CO-p-;/ ‘of the mutated gene. With each 5;égnancy, a woman who
has an X-linked recé.ssive disorder (err) has a 50% chance of having sons who
are affecteghand a'80% chance of 'having daughters who €arry one copy of the
mutated gehe. Examples of this type of disorder include hemophilia A,
Duchenne “musaular <dystrophy} fred=green s color} blindness, fand X-linked
adrenoleukodystrophy (X-ALD).
1.2 Multifactorial (polygenic or complex disorders)
Genetic disorders may also be complex, multifactorial or polygenic. This means
that they are likely associated with the effects of multiple genes in combination with
lifestyle and environmental factors. Although complex disorders often cluster in families,

they do not have a clear pattern of inheritance. This makes it difficult to determine a

person’s risk of inheriting or passing on these disorders. Complex disorders are also
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difficult to study and treat because the specific factors that cause most of these
disorders have not yet been identified. Examples of disorders in this group include heart
disease, systemic lupus Erythematosus (SLE), Alzheimer’s disease, arthritis and
diabetes.

1.3 Chromosomal

Chromosomes are distinct structures made up of DNA and protein, located in
the nucleus of each cell. Because chromosomes are carriers of genetic material, such
abnormalities in chromosome structure as missing or extra copies or gross breaks and
rejoinings (translocations) can result in diseases+Some types of major chromosomal
abnormalities can be detected by microscopicexamination. Down syndrome is a
common disorder that occurs when asperson has three copies of chromosome 21.

1.4 Mitochondrial \

Mitochondria are small round “or rod-like organelles involved in cellular
respiration and found in the cytoplasm‘.ofiplar;,;and animal cells. They can convert the
energy of food molecules into the /ATP. that p‘ﬁdwerS most cell functions. Mitochondrial
diseases, rare type of genelic dﬂifs;morders;:';t_,?r-e caused by mutations in the

nonchromosomal DNA of mitochondiias The effeets of mitochondrial disease can be

quite varied. The mutation that in one-person m'@}_--t;?use liver disease might in another

person cause a brain disorder. Some minor defects cause only"exercise intolerance",

with no serious illness orkdisability. Other defects can more sevé_rlely affect the operation
of the mitochondria and can cause severe body-wide impacts. These diseases that have
neuromuscular symptoms are oftemineferred to .as a mitochendrjal myopathy.

Most genetie disorders are cause by mutations in some genes. Mutation is a
permanent.echange-to the nucleotide.sequence in the BNAsequence-af a gene. It can
be caused by copying“errors ‘in"the genetic material during ‘cell division. Mutations can
be subdivided into germ line mutations, which can be passed on to descendants
through the reproductive cells, and somatic mutations.

Heterozygous mutation is a mutation of only one allele.

Homozygous mutation is an identical mutation of both the paternal and maternal

alleles.
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Hemizygous mutation is a mutation on only a single copy of a gene instead of

the customary two copies. All of the genes on the single X chromosome in the

male are in the hemizygous state

Compound heterozygous mutations comprise two different mutations in the

paternal and maternal alleles.

A mutation that is not inherited from either parent is called a de novo mutation.

2. Effect of mutation

Mutations can be classified based on their effect into 2 classes.

1. Effect on structure

The sequence of a gene'can be altered in-a-number of ways. Gene mutations
have varying effects on health depending on where they occur and whether they alter
the function of essential proteins. Structurallyll mutations ¢an be classified as:

. 8

1.1 Small-scale mutations i

It will affect one ora few pucleotides,including
4
1.1.1 Point mutations, often caué’ed _by chemicals or malfunction of DNA
replication;” exchange a éiﬁ.gle nucleotide for another. These

changes are classified as transitions or transversions. Most common

is the transition-that‘;exchangé_é.é-purine for a purine (A ¢ G) or a

pyrimi(jine for —a—pyrimidine (c ,H_,;T); Less common is a

transversion, which exchanges a purinre for a pyrimidine or a

pyrimidiﬁe for a purine (C/T <> A/G). Point mutations that occur
Within| the! proteim coding) regian: ofia geneymay be classified into
three kinds, depending upon what the erroneous codon codes for :
= Silent mutationsywhich eedesthe same amipe agid.
- Missense mutations: which code a differentamino acid.
- Nonsense mutations: which code a stop causing truncation
of the protein
1.1.2 Insertions, add one or more extra nucleotides into the DNA. They are

usually caused by transposable elements, or errors during

replication of repeating elements. Insertions in the coding region of
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a gene may alter splicing of the mRNA, or cause a shift in the
reading frame (frameshift)

1.1.3 Deletions, remove one or more nucleotides from the DNA. Like
insertions, these mutations can alter the reading frame of the gene.

Large-scale mutations in chromosomal structure, including

1.2.1  Amplifications (or gene duplications) leading to multiple copies of all
chromosomal regions, increasing the dosage of the genes located
within them.

1.2.2 Deletions of large chromosomalsregions, leading to loss of the genes
within thosewregions.

1.2.3 Chromosomairtransiocations: interchange of genetic parts from non
homologous chromosome";s.

1.2.4 Chromosomal inversions: reversing the erientation of a chromosomal
segment. » -‘

1.2.5 Loss of heterozygosify: Ioj?s."s.qf one allele, either by a deletion or

recombination event, in' an {jﬂganism that previously had two different

alleles et 220

2. Effect on function i P =

Mutations are effécton functions of gene, can classifiesias

2.1

2.2

2.3

Loss-of-func-ti‘gn mutations are the result of gene 'b'r_ﬁljduct having less or no
function. When'the allele has a complete loss of function (null allele), it is
often ealled|an|amorphicy mutation. nPhenotypesassociated with such
mutations are most often recessive. Exceptions are when the organism is
hapleids~or=when the-reduced dosage, OFasnermal .gene product is not
enough for'a normal phenotype (this is called haploinsufficiency).
Gain-of-function mutations, change the gene product such that it gains a
new and abnormal function. These mutations usually have dominant
phenotypes (neomorphic mutation).

Dominant negative mutations (also called antimorphic mutations) have an
altered gene product that acts antagonistically to the wild-type allele. These

mutations usually result in an altered molecular function (often inactive) and


http://en.wikipedia.org/wiki/Splicing_(genetics)
http://en.wikipedia.org/wiki/MRNA
http://en.wikipedia.org/wiki/Reading_frame
http://en.wikipedia.org/wiki/Frameshift
http://en.wikipedia.org/wiki/Genetic_deletion
http://en.wikipedia.org/wiki/Reading_frame
http://en.wikipedia.org/wiki/Chromosome
http://en.wikipedia.org/wiki/Gene_duplication
http://en.wikipedia.org/wiki/Genetic_deletion
http://en.wikipedia.org/wiki/Chromosomal_translocation
http://en.wikipedia.org/wiki/Chromosomal_inversion
http://en.wikipedia.org/wiki/Loss_of_heterozygosity
http://en.wikipedia.org/wiki/Allele
http://en.wikipedia.org/wiki/Recombination
http://en.wikipedia.org/wiki/Null_allele
http://en.wikipedia.org/wiki/Muller%27s_morphs
http://en.wikipedia.org/wiki/Recessive_allele
http://en.wikipedia.org/wiki/Haploid
http://en.wikipedia.org/wiki/Haploinsufficiency
http://en.wikipedia.org/wiki/Dominant_gene
http://en.wikipedia.org/wiki/Muller%27s_morphs
http://en.wikipedia.org/wiki/Muller%27s_morphs

12

are characterized by a dominant or semi-dominant phenotype. In humans,
Hyper IgE syndromes is an example of a dominant negative mutation

occurring in an autosomal dominant disease.

Mutations on codon of DNA sequence of gene that can alter the amino acid
sequence of the protein encoded. It can be classified as:

1. frameshift mutation is a mutation caused by insertion or deletion of a
number of nucleotides that.is not evenly divisible by three from a DNA
sequence. Due to the triplet nature .0f .gene expression by codons, the
insertion or deletion can disrupt_}the reading frame, or the grouping of the
codons, resultingsin®a completely different translation from the original.

2. Missense mutations+ or nonsyﬁionymous mutations are types of point

mutations wheré a single nugleotjdg Is changedto cause substitution of a

=

different amine@™ acid. £This =intarn can render the resulting protein
4 I:J #*

nonfunctional. A
3. nonsense mutation is @ point mutation in a sequence of DNAthat results in a
! £y

il il ) )
premature stop codon, ora nonsense codon in the transcribed mMRNA, and

dor iz dd
2z b

possibly a truncated, and often nomﬁétional protein product.

gy
4 = -

4. Silent mutations are mdta{ibns that db not resuit in a change to the amino

acid sequenC:é‘ of a protein. They may occur in a r_égion that does not code
for a protein, ar'they may occur within a codon that does not alter the final

amino acid sequéence.

At present, with more than 3,000 genes identified, and over 4,000 diseases
causedy by rgenetiey, disordensy mutation @etection, has fpoecome=am increasingly

important to detect genetic disorders. Available types of testing can be divided into

Newborn screening: is used just after birth to identify genetic disorders that

can be treated early in life of baby.

Diagnostic testing: is used to diagnose or rule out a specific genetic or

chromosomal condition. In many cases, genetic testing is used to confirm a
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diagnosis. The results of a diagnostic test can influence a person's choices

about health care and the management of the disease.

Carrier testing: is used to identify people who carry one copy of a gene
mutation. This type of testing is offered to individuals who have a family history of
a genetic disorder and to people in some ethnic groups with an increased risk of
specific genetic conditions. If both parents are tested, the test can provide

information about a couple's risk of having a child with a genetic disorder.

Prenatal testing: is used (o detectwehanges in a fetus's genes or

¥
chromosomes before birth...Fhis type of testing is offered to couples with an
increased risk of having afbaby with a genetic  or chromosomal disorder. It

cannot identify all possiblefinherited disorders and birth defects.

=

Preimplantation genetic d_ia@nosTS:)_Genetic testing procedures that are
- )
performed on human embryos prior to'the implantation as part of an in vitro

fertilization procedure. ' r
add o

T
o it
Lt A )

Predictive and presymhfbmatic testing..are used to detect gene mutations

Y
A =

associated with disorders that appear after pirth, oftenflater in life. These tests

can be helpful té: ﬁeople who have a family member \/T/lth a genetic disorder. It
can determine Whet_her a person will"develop a genet_ié disorder. The results of
predictive and presymptematic testing cansprovide information about a person’s
risk of developing @ 'specific| disorder and help iwith Imaking decisions about

medical care.

Most of the time, practical technique for testing'is used-to find*changes that are
associated with inherited disorders. It is most helpful in providing diagnosis, early
treatment, or prenatal diagnosis that might help a person make good life decisions. In
this time, several hundred genetic tests are currently in use, and more are being

developed.

This research will evaluate some practical techniques for mutation detection in

patients who were clinically diagnosed with genetic disorders at Pediatric Clinic of the
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King Chulalongkorn Memorial Hospital. Selection criteria were based on clinical

presentations.

3. X- Linked Adrenoleukodystrophy (X-ALD)

Adrenoleukodystrophy (ALD) is a rare inherited disorder that leads to
progressive brain damage, failure of the adrenal glands and eventually death. The
prevalence of X-linked adrenoleukodystrophy is approximately 1 in 21,000 males' .
ALD is one disease in a group of inherited disorders called leukodystrophies.
Adrenoleukodystrophy progressively damages the imyelin, a complex fatty neural tissue
that insulates many nerves of the central Td peripheral nervous systems, eventually
destroying it. Without myelin,.nerves.are Qnable toeenduct an impulse, leading to
increasing disability as myglin desiruction inqlreases and.intensifies.

An essential protein; called./a transplc_)rt‘_er protein, Is missing in sufferers. This
protein is needed to carry very |ong-chai.njatt:4‘;acids to break down in peroxisomes that
found in the normal diet. Theflack of thlisprotl?ind'-can give rise to accumulation of very
long-chain fatty acids 24-30 carbon atorﬁs (VL‘_'CFA) in'the body, which can damage the

d

i . f_.
brain and the adrenal gland. The elevation in VIf_CFA was originally described by Moser
S 424

et al.in 1981." ' =

g o=
i

Patients with X-linked ALD -a»r'é. 'au: male, but é"’E)E)IJt one insfive women carrying the

disease develop a mildé_r‘jform in adult life, called adrenomyé]éneuropathy. There are
several different types of th_é; disease which can be inherited,_but the most common form
is an X-linked condition.

The clinical presentationgs largely dependention the age of gnset of the disease.
Symptoms normally start between the agées of 4 and 10 and include lgss of previously
acquired neurologic abilities and die soon after./This severe form ofthe disease was first
described by Ernst Siemerling and Hans Gerhard Creutzfeldt.

The diagnosis is established by clinical findings and the detection of serum very
long-chain free fatty acid Ievels(z), MRI examination which reveals white matter
abnormalities, neuro-imaging and mutation analysis in the ABCD17 gene.

The ALD gene (ABCDT), discovered in 1993, is located on chromosome Xg28.

The gene consists of 10 exons spanning 20 kb of DNA and encodes a 4.2 kb of RNA.
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It coded for a protein of 745 amino acid that was a member of a family of transporter

proteins. This gene has 2 domains, as shown in figure 1.

ATP binding domain

1 2 3 4 5| 6 7 18] 9

10

— ABC transmembrane — ———— ABC transporter ———

Figure 1. All exons and domains of ABCD1

ABCD1 or "ATP-binding cassette, subfamily Dy member 1" codes for a protein that
transfers fatty acids into peroxisomes, that isithe cellular organelles where the fatty acids
undergo B—oxidation.m A dysfunctienallABCD1 gene, leads to the accumulation of very
long chain fatty acids (VLCFA) ecause VL.CFA cannot be transferred to peroxisomes,
which can damage the my€lin and nedral tissues.

At present, more than 500 mutations Tﬁ the ABCD7 gene have been identified.

J
Each mutation was found private and spreadedthroughout the ABCD1 gene.(4)

L '

4. Glycogen Storage Diseaéé Type {I-?(llﬁpmpe disease)

Pompe disease is a neuramuscular autosemal recessive metabolic disorder in

the family of lysosomal st_braqe diseases caused by a dﬁefic_ic;al.ncy of the enzyme Acid

alpha-glucosidase (EC 3.2.4,20) in lysosomes, which is neede‘d'tlo break down glycogen
(a long branched glucose polymer and stored form of sugar Used for energy), leads to
lysosomal accumulation of glycogen in manyydifferenticell types.(s) The disease is named
after Johann Pompe; who characterized'it in 1932.

The=clinical=features ,of Pompe ;disease, have-been divided-inte, three forms
defined by age of onset and progression of symptoms' Infantile, or' early onset, is
noticed shortly after birth. Symptoms include severe lack of muscle tone, weakness, and
enlarged liver (hepatomegaly) and heart. Mental function is not affected. Development
appears normal for the first weeks or months but slowly declines as the disease
progresses. Most children die from respiratory or cardiac complications before 2 years
of age.(G) Juvenile onset symptoms appear in early to late childhood and include

progressive weakness of respiratory muscles in the trunk, diaphragm and lower limbs.
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Intelligence is normal. Finally, adult onset symptoms also involve generalized muscle
weakness and wasting of respiratory muscles in the trunk, lower limbs, and diaphragm.
Diagnosis and testing: Type Il GSD can be diagnosed by determining the
activity of the specific enzyme acid alpha glucosidase testing that can be performed on
blood samples, muscle biopsy, cultured cells from a skin biopsy, test accumulation of
glycogen in lysosomes, and mutation analysis in the GAA gene.
The disorder is estimated to occur in about 1 in 40,000-300,000 live births. It has

an autosomal recessive inheritance pattern. Children have a 1 in 4 chance of inheriting
the disorder when both parents carry one copy the‘deiective gene.
GAA (acid alpha glucosidase) gene)is mapped to human chromosome 17g25.

This gene consists of 20 exonssspanning 18.4 kb of DNA and encodes a 3.8 kb of RNA.

It coded for a protein of 952:@min® acids. This gene has lysosomal alpha-glucosidase

domain, as shown in figure 2, “ g™

=
i
\

.

1 2 3 4 5 6 7 i 340" a1 12 | 13| 14| 15 | 16 | 17
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' 76 kDa lysosemat alphéi-:'g_Tg(;osidase domain |

Figure2. All exons and-domains o‘]?'GA'AJ
Dysfunctional GAA geng; deads to accumulation of glycogenmimany different cell types
because enzyme acid alphat-glucosidase(GAA) cannot break-down glycogen. More than

200 mutations in the GAA géne have been identified.

5. Hyper-IgE syndrome (HIES)

HIE or Job's syndrome, is a complex primary&immunodeficieney characterized
by high levels of serumigE and recurrent baecterial infection.'HIES canibe classified into
2 types.m

Type 1 HIES (Autosomal Dominant type)

This group of HIES represents the most common and typical form and includes
sporadic and familial autosomal dominant type.(g) Its clinical presentations include
recurrent skin and pulmonary infections, atopic dermatitis, elevated serum IgE levels. By

age 16 years, all patients show distinctive facial appearance: skeletal and dental
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abnormalities, asymmetric facial appearance, deep-set eyes, and parenchymal lung
abnormality.(g) Recent studies have showed mutations in the signal transducer and

activator of transcription-3 (STAT3) gene as major causes of AD and sporadic Higs. """

Type 2 HIES (Autosomal Recessive type)
The patients showed no apparent abnormalities in their skeletal and dental
systems but suffered from recurrent and severe infections with S. aureus, S. pneumonia,

or H. influenzae, as observed in type 1 S Most of the type 2 HIES patients also

suffered from severe viral mfectlon eles which were not observed in

type 1 HIES. In 2006, M|neg|sh| e re ed a homozygous mutation of

1 ptie w The classification of
dDlE N, -
% \\\
e,

par- I?Wro S

the tyrosine kinease-2 gene

HIES can be summarized ir

Table 1. Anew classification

Type

ﬂa Mmm > C“nical finding Genes
N
F N

Type 1 (multisystem)  Spofadiglmst cases), - skelstal and dental abnommalities, ~ STAT3
T A
ialwith :L: par n\ | lung abnomality
A =

far
inheri < ok
Type 2 (nonskeletal) Familial wﬁhﬂi‘.. 2 ﬁ evere viral infections, TYK2

et \‘;l' -
-
‘.,—-1‘

involvement (JAK)

mherltance
L.

)
Diagnosis of HIES gnmb exﬂination which may reveal

signs of dry eye syndrome.‘Acehysical exam Wy show signs of osteomyelitis, and

recurrent sinus inﬁt%.ﬁ %%E} Wyﬁe%lﬂv’}ﬁ%% Tests used to

confirm a dlagn03|ﬂnolude absolute e%smophll count complete bIood count, serum

e GRARIA T UNAINY AR

mutation in the STAT3 or/and TYK2 genes by direct sequencing.
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The cytokine can regulate cells by JAK (TYK2) and STAT signaling pathways as

shown in figure 3.
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site for STAT. The STAT protein will be phosphorylated by JAK and form dimers and
accumulate in the nucleus. The STAT dimers will bind to the promoters of the target

genes in nucleus and activate transcription. If JAK or STAT does not function properly, it

can have an affect on the regulation of cytokines causing Hies."™
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In this study, the patient had clinical features consistent with type 1 HIES.
Therefore, mutation analysis in the STAT3 gene was performed. STAT3 is mapped to
human chromosome 17g21. This gene consists of 24 exons spanning 30 kb of DNA and
encodes a 4.7 kb of RNA. Its protein contains 770 amino acids. This gene has 6

domains as shown in figure 4.
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encoding the DNA binding

the regions for primer design

births."” HOS was first rel‘ ted in 1960 by ;S They found patients

In 1997, Bosson

et al. found the Tﬂoueﬁj Iﬂtlﬂgmgﬂ Ejn@]ﬂcﬁomosome 12g24.1

responsible for thlsusyndrome and ients harbored mutatlons in this

e AR T Ta:rmma T

al studied homozygous knockout mice Tbx5 ) and found that they died early in

with atrial septal defect anz:pper limb abnormallty in4 generahons

-/
embryogenesis while heterozygous knockout mice (Thx5 +) appropriately mimicked

Holt-Oram syndrome.“g)

Clinical features of HOS include at least one limb abnormality that affects bones

in the wrist, a missing thumb or a thumb that looks like a finger, partial or complete
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absence of bones in the forearm, and an underdeveloped bone of the upper arm. In

some cases, only one arm and/or hand is affected.

About 75 percent of individuals with Holt-Oram syndrome have congenital heart
defects such as atrial septal defects (ASD), or ventricular septal defects (VSD). The
most common problem is a defect in the muscular wall, or septum. Sometimes people
with Holt-Oram syndrome have cardiac conduction disease, which is caused by
abnormalities in the electrical system that coordinates contractions of the heart

chambers leading to problems such as a slowsheart rate or a rapid and ineffective

contraction of the heart muscles.
o

The diagnosis is established by clinical findings, radiographs of affected bones,

echocardiograms to detect gengeanital'heart defects and genetic testing for the analysis

of the mutation in TBX5. :

. 2

TBX5 is mapped to haman chrorﬁqsor‘rle'12q24.1. This gene consists of 9 exons

spanning 54 kb of DNA andgencodes 2.8.9 ‘L'i(bdbf RNA. It codes for a protein of 518

amino acids. This gene has 2 domains as shownin‘figure 5
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Figure 5. TBX5 Domains and mutations of TBX5.“6)

From figure 5, mutations in the TBX5 gene can be found at exons 2-9 with the
most commonly detected is a point mutation.m) If mutations occur on the DNA binding
domain. TBX5 transcription factor cannot bind to the promoter of the target genes.

Mutations on transactivation domain lead to a decrease of efficiency of transcription.(zo)


http://en.wikipedia.org/wiki/Atrial_septal_defect
http://en.wikipedia.org/wiki/Ventricular_septal_defect
http://en.wikipedia.org/w/index.php?title=Cardiac_conduction_disease&action=edit&redlink=1
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A previous cytogenetic report of a de novo pericentric inversion of chromosome
20g13.2, where SALL4 was located, revealed that it was associated with a clinical
presentation of bilateral absence of the thumbs and an atrial septal defect.”” This
phenotype was taken to represent Holt-Oram syndrome and the suggestion was made
that there were likely to be other causes of apparent Holt-Oram syndrome but without
TBX5 mutation. From a report in 2003, they suggested that patients with clinical features
consistent with Holt-Oram syndrome but without mutations in TBX5, Sall4 might be
another candidate gene for analysis.(22)

SALL4 is mapped to human chromosome*20@13.2. This gene consists of 4
exons spanning 18.4 kb of DNArand encodes a 3:4kbof'RNA It codes for a protein of

1053 amino acids. This gene has#@ zing finger domain as shown figure 6.

|

1 270LJ\9\F 4

o ch finger—|

Figure 6. Structure of SAEL4,~~ -;,,:",;;,

7. Systemic Lupus Erythematosus (SLE)

Systemic lupus elrffthematosus is a potentially sevére_é"u-t.oimmune disease. The
abnormalities are caused u-_by defects in apoptosis Ieading. to the accumulation of
autoreactive T and B cells resulting in damage t@ multiple organs.

Clinical featuress of SLE can be characterized by arthritis, proximal muscle
aching or weakness, recurrence of inflammatory rashes, patchy or diffuse loss of hair,
oral or nasal ulcerationsy pericardial pain, evidence of kidney disease.

A number of tests are required before SLE can be diagnosed definitively. The
diagnosis is established by tests for autoantibodies for measuring ANA, antiphospho-
lipid antibodies, antibodies to SR proteins. Other tests include blood tests to measure
C3, C4, C1q, and CH50 levels and protein in urine

The exact etiology of SLE has not been elucidated, but it is obvious that genetic

factors, gender, and environment are involved in its pathogenesis.(23) It is a polygenic
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disease, and as many as 30 susceptibility loci with possible links to its pathogenesis
have been identified in mioe.(24) In mice, mutations in the prototype proapoptotic
molecules Fas or Fas ligand (FasL) lead to the occurrence of an SLE-like syndrome(25),
but human SLE patients rarely have mutations in Fas or FasL.” However, it is possible
that some molecules in the Fas/FasL pathway are SLE risk factors.

Decoy receptor 3 (DcR3)/TR6 is a secreted protein belonging to the tumor
necrosis factor (TNF) receptor family. It binds to Fas ligand (FaslL), LIGHT, and TL1A
that are all TNF family members. It was noted that soluble or solid phase DcR3-Fc co-
stimulated proliferation, lymphokine production‘and‘cytetoxicity of mouse and human T
cells upon T-cell receptor (TCR)igation. Reeently; theiinvestigators found that the serum
level of soluble DcR3 was higherin SEE patients than in healthy control subjects. Taken
together, the investigators propose that in aL"ltoimmune diseases, SLE activated T cells
secrete more DcR3 than non-alitoimmuné contfels, which may in turn costimulate T cells
further and cause dysregulated Iymphocyte aotlvanon With the aim to establish the
possible correlation between DCR3 and autmmmune phenotypes in children, we
analyzed the serum DcR3 level and pe_fformeq]p_otatlon analysis in the DcR3 gene in
children with SLE. The genetic ‘analysis on-the ifDol_?3/TR6 gene and circulating DcR3

level will be compared between SLE and non-aufgoimmune control subjects.

The disease pre"vélenoe—is—%mﬁy—m—the—genm—popdlation with 80-90% of

patients being Women DCR3 is mapped to human chromosome at 20913 . This gene

consists of 3 exons spannlng 3.7 kb of DNA and encodes a 1.1 kb of RNA. It codes for a

protein of 300 amine acids. This gene has 3/domains as.shown'in figure 7.

ECE-likesdomain
N

—_
Binding Fas receptor

Figure 7. Structure of DcR3

Practical techniques of genetic testing are very helpful in providing additional

information for patients with genetic diseases and family members leading to more
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accurate diagnosis, effective therapy and prevention. This study presented practical
techniques for mutation detection in the ABCD1, GAA, STAT3, TBX5, SALL4, DcR3

genes responsible for ALD, Pompe disease, HIE, HOS, and SLE, respectively.

AuEINENINeINS
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CHAPTER Il
METHODOLOGY
Research Instruments
1. Automatic adjustable micropipette : P2(0.1-2 pl), P10(0.5-10 yl),
P20(5-20 pl), P100(20-100 pl), P200(50-200 pl), P1,000 (0.1-1ml)

(Gilson, France)

2. Pipette tip : 101, 1004, 2004, 1,000l (Elkay, USA)

3. Microcentrifuge tube :' [, 1.5ml (Bio-RAD, Elkay, USA)
4 “ _%ay, USA)

5. Beaker:5 1 —-‘ Ooml (Pyrex)

6. Reagent bottle™ '1( 00ml,. [,000m (Duran, USA)
. \\\\

8. \ u , 1,000ml (Witeg,
9.

10.

11. Parafilm (A )

12. Stirring magn-' Mife

13. Plastic wrag

14. Comb :

15. Vortex ?@mentmc Industry, USA m

R0 i TR
TR Inenae

20. Microcentrifuge (Eppendorf, Germany)

21. Mastercycler personal (Eppendorf, Germany)
22. Thermal cycler (Touch Down, Hybraid USA)

23. Power supply model 250 (Gibco BRL, Scotland)
24. Power poc 3000 (Bio-RAD)

25. Horizon 11-14(Gibco BRL, Scotland)
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26. Sequi-gen sequencing cell (Bio-RAD)

27. Heat block (Bockel)

28. Incubator (Memmert)

29. Thermostat shking-water bath (Heto, Denmark)

30. Spectronic spectrophotometers (Genesys5, Milon Roy, USA)
31. UV Trasilluminator (Fotodyne, USA)

32. UV absorbing face shield (Spectronic, USA)

33. ‘
34.
35.

o (R;-

36. Water purification .1 ent (! ) Ps, Labconco, USA)
37. Water bath«(J.PsSele ali

Sequenchgr so / -ﬂ‘ 2 De \ des Corporation, M)

N

38.
39. Oligo software

40. Autocla

41. Automatic adj les rr __‘ 3hal microf pette : P100(20-100 ul)

42. ding at 450 nm (620 nm as

e T

i )

e

1. Generagreagents m

Augam *"’lﬂ‘i
A EIIREEMINYA Y

1.5 Tri-base (USB)

Reagent

1.6 Disodium ethylenediamine tetraacetic acid : EDTA(Merck)
1.7 Bromphenol blue (Pharmacia)

1.8 Ethidium bromide (Gibco BRL)

1.9 Hydrochloric acid (Merck)

1.10 Phenol (Sigma)
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1.11 Chloroform (Merck)

1.12 Sodium chloride (Merck)

1.13 Sodium hydroxide (Merck)

1.14 Triton X-100(Pharmacia)

1.15 100 base pair DNA ladder (Biolabs)
1.16 1 Kb pair DNA ladder (Biolabs)

1.17 Water Distillation

2. PCR reagents
2.1 10X PCR buffe \ MKCI, 100 mM Tris-HCI pH

-

. mM (NH,)SO,, 750 mM
I - 0. .
ey

rmentas)
| \ >s) (Fermentas)
AN

>

ok il

2.6 Oligon :“JL". ol KA

2.7 Tag D ﬁ'_ﬂ"'h

2.8 100% DMSO- /=
Ik €]

Fi
2.10-eD

ranscriptase—Polymerase Cﬂin Reaction (RT-PCR)

"HHEINENINGNT
QRS Inenat

3.4 25mM Magnesium chloride for RNA

3. Reverse

3.5 10mM Deoxynucleotide triphosphates (dNTPs) for RNA
3.6 40U/pl RNAsin RNase Inhibitor
3.7 ImProm Il Reverse Transcriptase 40U/ml

4. Restriction enzymes

4.1 Tagl
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4.3 BsaH|
4.4 Rsal
5. ELISA reagents and materials
5.1. Biotin-Conjugate anti-human DcR3 monoclonal antibody
5.2. Streptavidin-HRP
5.3. Sample Diluent

5.4. Assay Buffer Concentrate 1%PBS, Tween 20, 10% BSA)

5.5. Wash Buffer Co %PBS Tween 20)
5.6. Substra uti Iben2|d|ne)

lonal antibody to human DcR3

After infor roximate 5 ml of peripheral

blood from each |nd|v‘dual was collected in a polypropylene tube with EDTA for

R““”“ﬁ%%]ﬂﬂﬂﬂﬁﬂﬁﬂ‘i

roximate 5 ml of penpheral blood Was obtained in a polypropylene

“PRIFINIUUMINGIAD

Patients from unrelated families were clinically diagnosed with ALD,
Pompe, HIE, HOS and SLE at Pediatric Clinic of the King Chulalongkorn
Memorial Hospital and were included in the study. Selection criteria were based

on clinical presentation.
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1.3 Controls

Controls were healthy volunteers unaffected with ALD, Pompe, HIE, HOS

and SLE, had no family history of ALD, Pompe, HIE, HOS and SLE. DNA and

RNA from controls was used for mutation screening in ABCD71 (ALD), GAA

(Pompe), DcR3 (SLE). Serum from controls was used for ELISA in DcR3 (SLE).

DNA from the patients’ family members who were at risk was also investigated.

2. Genetic analysis

2.1 DNA extraction and collected plasma

After informed consent, genomi¢ .DNA was isolated from peripheral

blood leukocytes. Thissprocedure was periormed-as:

1.
2.

3 ml. of whole bleca"was centrifuged for 10 minutes at 3,300 rpm.

Remove plasma (superna‘}tlant) to mierocentrifuge tube 1.5 ml for
ELISA and transfer buffy coat'to a new polypropylene tube. Then add
10 volumes .of Coldl_.lygis t?uftgr 1 (or 10ml), mix with vortex and

’ 4
incubate at 20°C for 5 minutes.

. Centrifuge for 8/ minutes-at 13",'?@)0 rom, and remove supernatant.

. Add 3 ml of eold lysis buffer'l»Tj,ﬁaj-x thoroughly and centrifuge for 8

d 4 T

minutes at 13,400 rpm. (7S

.Discardi';supernatant and add 900 pl of f'_!y_sis buffer 2, 10 ul of

proteirié'ée K solution (20 mg of proteinase'."K"Iin 1.0 ml of 1% SDS-2

mM EDTA, and 50 pl of 10% SDS). Mix vigorously for 15 seconds.

. Indubatepthe~tube(S) inya 87 ©1shaking awaterbath overnight for

cemplete digestion.

»Add J=ml.of phenol-ehloroform-iseamyl aleohol and-shake vigorously

for'15 seconds and centrifuge at 6,000 rpm for 5 minutes

. Transfer the supernatant from each tube (containing DNA) to a new

microcentrifuge tube.

. Add 0.5 volumes of 7.5 M CH,COONH, and 1 volume of 100% ethanol

and mix by inversion. The DNA should immediately form a stringy
precipitate. Recover the DNA by centrifugation at 13,400 rpm for 15

minutes. Then remove supernatant.
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10. Rinse the pellet with 70% ethanol. Decant the ethanol and air-dry the
pellet. (It is important to rinse well to remove any residual salt and
phenol.)

11. Resuspend the DNA in 20-300 pl of the double distilled water at 37°C
until dissolved.

Calculation of DNA concentration

The reading at 260 nm is used for calculating the DNA concentration. An

OD of 1 concentration to ap / 0. pg/ml for double-strand DNA. So,

DNA concentration can Iowmg

9

| —

DNA concen

0 m ton ration (ug/mi)

2.2 RNA extractio

Total RNA cells using QlAamp’ RNA
Blood Mini it (Qiagen, ! lenci A). Reverse transcription was
perform using ___: SVE anscriptase (Promega, Madison,
WI) according to-{&_&m_ahu 's instructions.

M A Y
-ﬁjﬂl!#ﬂ-- +

1. Mix 1_volume of vith 5 volumes of Buffer EL in

2. Incubaté fo IX ﬁ vortexing briefly 2 times

during |nc‘ubatlon

ﬂeu%j ’3 Wﬁéﬂﬁé W”E*}Jf}ﬂ ﬁ'jc and completely

Femove and discard %ppernatant

RN R HAV N TE Y =

volume of whole blood used in step 1). Resuspend cells by vortexing
briefly.

5. Centrifuge at 4,000 rpm for 10 minutes at 4°C, and completely
remove and discard supernatant.

6. Add Buffer RLT to the pellet and vortex or pipet to mix.
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7. Pipet lysate directly into QIlAshredder spin column in a 2 ml
collection tube and centrifuge for 2 minutes at maximum speed to
homogenize. Discard QlAshredder spin column and save
homogenized lysate.

8. Add 1 volumn (350 pl or 600 ul) of 70% ethanol to the homogenized
lysate and mix by pipetting. Do not centrifuge.

9. Carefully pipet sample, including any precipitate which may have
formed, into a new QlAamp'spin column in a 2 ml collection tube
without moistening the rim. Centrifuge for 15 seconds at 13,400 rpm.
Maximum leading aliquots onto~the QlAamp spin column and
centrifuge as-above.

10.  Transferthe/QlAamp s'pm column inte a new 2 ml collection tube.
Apply 700 plof Buffer RW1 to'the QIAamp spin column and centrifuge
for 15 seCongds at 13,,406 rpm? to wash.

11. Place the QIAampA spin.?f.c.ol‘gmn in a new 2 ml collection tube
(provided). Pipet 5OQ ul of B};ff.er RPE into the QlAamp spin column
and centrifuge for-15 secon(ﬁ_'aiﬂﬂ 3,400 rpm.

12.  Carefully open-the QIAarﬁE;-éQLrLcolumn and add 500 ul of Buffer

RPE.aﬁd centrifuge at 13,400 rpm for 3 minii_;tes.

13. Rle“oyommended: place QlAamp spin '-EE;Iumn in a new 2 ml
collection tube and discard the old colleCtion tube with the filtrate.
Centrifuge aty13,400 rpmforst minute.

14.4: Transfer the QIAamp spin column into a 1.5 ml microcentrifuge
tubes(provided)-and pipet 30-50, ulsofsRNase-free~water (provided)
directly onto"the QlAamp ' membrane. Centrifuge'for 1 min at 13,400
rpm to elute. Repeat if >0.5 ml whole blood (or >2x10° leukocytes)
has been processed.

2.3 DNA amplification by Polymerase Chain Reaction (PCR)
Primer design guidelines:
- Primer length between 18-25 bp.

- Keep G-C contentin the 30-80% range.
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- The T, should be 55-60°C.

- GorC atthe 3-end of primers will increase priming
efficiency.

- Avoid runs of an identical nucleotide, especially guanine.

- Avoid secondary structure (hairpin, self-complementary and
primer dimer)

- The five nucleotides at the 3’-end should have no more than

searched using BLAST and

2.3.1 Revers b ; P erase Chain Reaction (RT-
PCR) |

For mutatio ic \ performed.

RT-PCR Pr

1. Mixture for cDNA se |anscription)

Compone £ Amount
0.5 pg/pl Oligo dT Primet -0l (0.5 pg)

(e ]

0.5 n¢ 0.1 pl (5.05 ng)

| !
Cond |t|ons 70°C, 5 minute

RN SNEIn

ollowing components to the product of step 1

amﬁ&i:fi“ﬁm URAINT IR Y

25mM MgCl, 2.4 pl (3.0 mM)
10mM dNTPs 2.0 pl (0.5 mM)

40U/l RNasin® RNase Inhibitor 0.5 pl (20.0 U)

Reverse transcriptase 1.0l

Total Volume 20.0 ul
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Condition 25°C, 5 minutes
40°C, 60 minutes
70°C, 15 minutes
3. cDNAcan be frozen for later use or used immediately for PCR.
4. cDNA can amplify by PCR with forward and reverse primers
3. Mutation analysis
3.1. Mutation analysis with ABCD1
3.1.1 Polymerase Chain Reaction (PCR)
The first, primer were designed awithin introns to allow genomic
amplification and sequencing of exons 1-10including exon-intron boundaries as
shown in Table2, 2.1,2.2.

Table2. Primer sequences for ABOP1 mutation analysis

Name Primgr sequence biito 8! Product size (bp)
ALDe1AF ACAACAGGC C{CA:GGG TCAGA 453
ALDe1AR AGG AAGIGTG éQG CTCACCA
ALDe1B-F AAC CGG GTAT%?_C:TG CAG €G 4o
ALDe1B-R ACT,.H(_SG.TACAG GGTTGC CAAGC
ALDe1C-F CCACGECTA ccga_;_gﬂ: CTACTT 512
ALDe1C-R AGACTG TCC CCACCGCTCE _

ADe2F GGC ACT GGG AGACCC TG 268
ALDe2-R "~ TCAGCACCC AGV GGT ATG G

ALDe8F TG BAG AAGIAGE @TC GOCAT 304
ALDe3:R TTG CAG GGAGAG AAG CAT GG

ALPedF GTC GTCIGFACAA GGAGGT AC "
ALDe4-R ACAGGACTACTGC CCAGAG GC

ALDe5-F CTG CCAGGG ATG GGAATG AG 373
ALDe5-R TCT CAC CTT GAC CTT GGC CC

ALDe6-F GCC ATAGGG TAC GGG AAG GG 310
ALDe6-R GCC TCT GCAGGA AGC CAT GT

ALDe-7F CGATCC ACT GCC CTG TTT TGG 497
ALDe-7R CTT CCC TAG AGC ACC TGG
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ALDES8/9-F CTG AGC CAAGAC CATTGC CCC CG 471
ALDe8/9-R TGC TGC TGC CGG GCC CGC
ALDe10-F GAG GGG AGG AGG TGG CCTGGC 463
ALDe10-R GCG GGG TGC GTG CAT GGG TGG
Table2.1. PCR reaction of ABCD1
Component Exon1A Exon1B Exon1C Exon2 Exon3 Exon4
Distilled water (ul) 13.52 (1X) 13:62,(1X) 13.52 (1X) 13.52 (1X) 12.52 (1X) 13.52 (1X)
10XPCR buffer 2.0 2.0 2.0 2.0 2.0 2.0
25mM MgCl, 12120 1120 2mM) | 4202mM | 12(12mM) | 12(1.2mM) | 1.2 (12mM)
10 MM dNTP 04 (0.2mM) | .04(0.2mM) | 0.4(02mM) | 04 (02mM) | 04 (0.2mM) | 0.4 (0.2mM)
10pM ALD-F 0.4 (0138 4704 (0/13uM) | 04 (0.13uM)}.0.4 (0.13uM) | 0.4 (0.13uM) | 0.4 (0.13uM)
10pM ALD-R 0.4 (0.130M) 4] 04 (o‘.‘13pMi 04 (0.13uM) | 0.4 (0.13uM) | 0.4 (0.13uM) | 0.4 (0.13uM)
5U/ul Tag polymerase | 0.08 (0.02U) 0.0S"(0.0ZU)E, 0.08 (0.02U) | 0.08 (0.02U) | 0.08 (0.02U) | 0.08 (0.02U)
50ng/jl Genomic DNA 2 ey Yo 2 3 2
Total volume (ul) 20 26 Ala 20 20 20 20
—
Component Exon5 |  Exon6 Exon7 Exon8/9 Exon10
Distilled water (ul) 13.52((1X) 13.52 (1X) 13.2 (1X) 13.32 (1X) 13.5 (1X)
10XPCR buffer 20 2.0 2.0 2.0 2.0
25mM MgCl, n2i(E2mMy (o2 @.2mv) 451.8 (5mW £2 (@E@2mM) | 1.2 (1.2mM)
10 MM dNTP 04(02mM) | 04 (0.2mM) | 04 (0.2mM) | 04 (0.2mM) [ 0.4 (0.2mM)
10pM  AED-F Qe (0A3M) 4=0.40 1 3uM) | 0.40 A3uM)n| 0.5 @x161M) 0.4 (0.13pM)
10uM ALBR-R 0.4°(0.13uM) | 0.4 (013pM) | 0.4 (0.13uM) | 05 (0.16pM) 0.4 (0.13uM)
5U/ul Taqg polymerase | 0.08 (0.02U) | 0.08 (0.02U) | 0.1 (0.025U) | 0.08 (0.02U) | 0.1 (0.025U)
50ng/pl Genomic DNA 2 2 2 2 2
Total volume (ul) 20 20 20 20 20




Table2.2. PCR cycle and condition of ABCD1
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Step Exon1A Exon1B Exon1C Exon2 Exon3 Exon4
Initial 94°C/5 94°C/5 94°C/5 94°C/5 94°C/ 5 94°C/5
PCRcycle 35 cycles 35 cycles 35 cycles 35 cycles 35 cycles 35 cycles
Denature 94°C/ 94°C/ 94°C/1min 94°C/ 94°C/1min | 94°C/ 1min
Annealing 56°C/ 60°C/ 66°C/ 1min 62°C/ 64°C/ 1min | 64°C/ 1min
Extension 72°C/ FAE/ y ¥ 72°C/ 72°C/ 72°C/
Final extension | 72°C/5min | 72°C/5min | 72°C/6min [ 72°C/5min | 72°C/5min | 72°C/5min
Step Exon5 ExonéS Exon7 Exon8/9 Exon10
Initial denaturation | 94°G#5 min | 94°C+5-min | 94°G/5min | 94°C/5min | 94°C/5 min
PCRcycle 35 cyCles 85 eyclé? 41 35cycles 35 cycles 35 cycles
Denature 94°C/ 3@seg'|: 94°€/ 30313:@_., J__94°C/ Imin" | 94°C/1min | 94°C/30sec
Annealing 60°C/30sec | 62°C/ 30556’{“4_6000/1min 64°C/ 45sec | 62°C/30sec
Extension 72°C/ 45sec* 72'°C/45sec;;1712'°0/45sec 72°C/ 45sec | 72°C/45sec
Final extension | _72°CL5mifi | 72°C/omin' | 72°CiEmin [.72°C/5min | 72°C/5min

3.1.2 Agarose gel electrophoresis and DNA sequencing

The PCR préduct were verified for correct sizé on an ethidium bromide-

stained 1.5-2% agarose gel.iThe PCR product were then treated with ExoSAP-IT

(USP  Corporation,

Cleveland,  OH)

according to the

manufacturer’s

recommendation; and- sent for direct sequencihg|at Macrogen' Inc., Seoul,

Korea. The sequence was analyzed by sequencher.

3.2 Mutation analysis with GAA
3.2.1. Polymerase Chain Reaction (PCR)

The primers were designed within cDNA. The forward primers were

designed before ATG and the reverse primers were designed after TAA, TAG or

TGA for allow amplification and sequencing as shown in Table 3, 3.1, 3.2.



Table3. Primer sequences for GAA mutation analysis

Name Primer sequence 5’ to 3’ Product size (bp)
GAA-F1 | CACCTC TAG GTT CTC CTC GT 1331
GAA-R2 | TCG TTC CAT TGG ACG TCC AG
GAAF2 | ACCTGG ACGTTG TGG GAT AC 1909
GAAR1 | TCC AGG TGACAC ATG CAACC
GAAF3 | TCT CTC CAC ACACTACAACC For sequencing

Table3.1. PCR reactionof GAA

Component GAA-F1/R1 || Nest GAAF1/R2 | Nest GAAF2/R1
Distilled water (g | 41382 %) 4% 15.02(1X) 14.82 (1X)
10XPCR buffer 2.0 \ 2.0 2.0
25mM MgCl, 12 (1.2mM) '1 2 (1.22m\) 1.2 (1.2mM)
10 mM dNTP 0.3 (0.,15mM) 1;;0._3_ (0.15mM) 0.3 (0.15mM)
10uM GAAF 03404 [ 02(@067uM) | 03(0.1uM)
10uM GAA-R 0.3 (0. 1uM) :(3252.(%)1067pl\/|) 0.3 (0.1uM)
5U/ul Taq polymerase - 0:08-0:026)—=—0:080:028)=1 | 0.08 (0.02U)
50ng/ul CDNA » 2 1 1
Total volume (pl) 20 20 20
Table3.2. PCR cycle and condition of GAA
Step GAA-FA/R4 Nest GAA FA/R2 Nest GAA F2/R1
Initial denaturation 94°C/5 min 94°C/5 min 94°C/5 min
PCRcycle 35 cycles 35 cycles 35 cycles
Denature 94°C/ 30sec 94°C/ 45sec 94°C/ 45sec
Annealing 57°C/ 30sec 64°C/ 45sec 66°C/ 45sec
Extension 72°C/3min 30 sec | 72°C/2min 10 sec | 72°C/2min 10 sec
Final extension 72°C/5 min 72°C/5 min 72°C/5 min
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3.2.2 PCR-Restriction Fragment Length Polymorphism (PCR-RFLP)
Add enzyme BsaH [, 10xNEB, and BSA buffer to the PCR product as

shown in Table 4.

Table 4. PCR-RFLP reaction of GAA

Component solution

4.8 (1X)

Distilled water (pl)

B b ‘ 0
10XN \\\ ‘,
S 7 Y
Ta

S
77/ EINRN

The enzyme cle £o&|t1 y C>A) (p.D645E) on cDNA. This

mutation is a commg a n n@ iwan, Thai patients. After enzyme

digestion, the expected re 7 is was shown in figure 9

|
omozZygous

)

A ISR

The RFLP reaction was verified for correct size on an ethidium bromide-
stained 1.5-2% agarose gel. The samples without p.D645E were sent for

sequencing for mutation analysis.
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3.3 Mutation analysis with STAT3

3.3.1 Polymerase Chain Reaction (PCR)

The primers were designed between DNA binding domain and SH2
domains in cDNA. The forward primer was designed before DNA binding
domain and the reverse primer was designed after the SH2 domain domain for

allow amplification and sequencing as shown in Table 5, 5.1, 5.2.

Table5. Primer sequences for utation analysis

Name ‘ I 03 Product size (bp)

STAT3-mRNAF1 | T CGQ TGGACCACATG 780
STAT3-mRNART: m
BP i

STAT3-mRNA- / / / G GE\@‘\ For sequencing

STAT3-mRNA- m @G A s G A For sequencing

:s“# ‘l

PCRr ..:':. AT,
'*"J J--‘I :

10uM STAT3-F 0.3 (0.1uM)

100 8 b ﬁn‘ W(nﬁm‘j

e,

5U/ul Taq polyrgerase 0.1(0.025U)

9 Total volume (pl) 20
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Table5.2. PCR cycle and condition of STAT3

Step STAT3 F1/R1.2
Initial denaturation 94°C/5 min
PCRcycle 35 cycles
Denature 94°C/ 45sec
Annealing 60°C/ 30sec
Extension 72°C/ 1min 50 sec
Final extension 72.C/5 min

3.3.2 Agarose gel electrophoresis and"DNA sequencing

The PCR products wer€verified for correct'size on an ethidium bromide -
stained 1.5-2% agarose gel..The PCI',\E products were then treated with EXoSAP-
IT (USP Corporation, Cleveland, OI;I) according to the manufacturer’s
recommendation, and sent for dlrec{* sequencmg at Macrogen Inc., Seoul,
Korea. The sequenceg was analyzed oy’ sequencher

3.4 Mutation analysis with TBX5

3.4.1 Polymerase Cham Reactlonf PCR)

i

The first primers was de&gnevd- within introns to allow genomic

amplification and sequencmg of exons 2- 9 mcludmg exon-intron boundaries as

shown in Table 61, 61 6.2.

Table 6. Primer sequences for TBX5 mutation analysis

Name Primer sequence 5’ to 3’ Product size (bp)
TBX5-exan2-F*[| CCC TCC CTGTCACTA GAATTG 346
TBX5-exon2-R | AAG CCG AGC AGG AAAGCC AG
1IBX5-exon3-k || CTC TCT. GAG ACC ACAGGC TE 57
TBX5-exon3-R | CCAGGATCT ATCTTTCGCTC
TBX5-exon4-F | GAT CTT GCG GAG AGC GGAAC 385
TBX5-exon4-R | CGC CTT TAG CAC ACAGTAGG
TBX5-exon5-F | GGAGAG CCT CCAGATTATTC 450
TBX5-exon5-R | GGA AGT CCA GAT CAAGAAGG
TBX5-exon6-F | CGAGAG CCG ATATAACAA GG 421




39

TBX5-exon6-R | ACT CTT AGG CTG CAG CTT TG
TBX5-exon7-F | GAC GTG ACT GGC TTAATTTG 352
TBX5-exon7-R| CCATGT GCC TGG CAT TCT AC
TBX5-exon8-F | TTC TGT GACTTT TCT GGT GG 505
TBX5-exon8-R | GGAACTTTITTGTTTT AGC TG
TBX5-exon9-F [ CGG TTAGGG CTAACAGTCTC 840
TBX5-exon9-R [ CGACCT TGA GTG CAG ATG TG

Table6.1. PCR reaction of TBX&

Component Exon-2 Exon . Exon 4 Exon 5 Exon 6
Distilled water (ul) 13.541%9 18.5(1X) 135 (1X) 13.5 (1X) 13.5 (1X)
10XPCR buffer 2.0 -2'..Q 2.0 2.0 2.0

25mM MgCl, 1.2 @omm) (1.2 (j.ZmM) 12 (1.2mM) | 1.2(1.2mM) | 1.2 (1.2mM)
10 MM dNTP 04 (3:22mM)" |04 (O‘.2r-ITwl\/|) 0.4 (0.2mM) | 0.4 (0.2mM) | 0.4 (0.2mM)
10uM TBX5-F 04 # 0;4»' 0.4 0.4 0.4
10pM TBX5-R 0.4 0.4'_5‘ = . 0.4 0.4 0.4
5U/ul Taq 0.1 (0.02505=-0:1 (0.0%SU)- 0.1 (0.025U) [ 0.1(0.025U) | 0.1 (0.025U)
50ng/pl Genomic 2 2 2 2 2
Total volume (pl) 20 20 20 20 20
Component Exon 7 Exon 8 Exon 9
Distilled watern (b 1315 (1X) 13.541X) 13.5 (1X)
10XPCR buffer 2.0 2.0 2.0
25mMMgCl, 1.2 (1.2mM).1| 4.2 (122mM) |./1.2(1.2mM)
10 MM dNTP 0.4 (0.2mM) | 0.4 (0.2mM) [ 0.4 (0.2mM)
10uM TBX5-F 0.4 (0.13uM) | 0.4 (0.13uM) | 0.4 (0.13uM)
10uM TBX5-R 0.4 (0.13uM) [ 0.4 (0.13uM) | 0.4 (0.13uM)
5U/ul Taq polymerase | 0.1(0.025U) | 0.1(0.025U) | 0.1(0.025U)
50ng/ul Genomic DNA 2 2 2
Total volume (pl) 20 20 20




Table6.2. PCR cycle and condition of TBX5

40

3.4.2 Agarpse gel eléctrophoresis’ and DNA sequencing

Step Exon 2 Exon 3 Exon 4 Exon 5 Exon 6
Initial denaturation | 94°C/5min | 94°C/5min | 94°C/5min | 94°C/5min | 94°C/5 min
PCRcycle 35 cycles 35 cycles 35 cycles 35 cycles 35 cycles
Denature 94°C/45sec | 94°C/45sec | 94°C/45sec | 94°C/45sec | 94°C/45sec
Annealing 64°C/45sec | 64°C/45sec | 64°C/45sec | 64°C/45sec | 64°C/ 45sec
Extension 72°C/3bsec | 72°C/3bsec | 72°C/35sec | 72°C/35sec | 72°C/35sec
Final extension 72°C/10min | 72°C/10min/| /72°C/ 10min [ 72°C/10min | 72°C/10min
)
Step Exon7 Exon8 Exon9
Initial denaturation | 94°C/5 min | 94°C/5 miLn 94°C/5min
PCRcycle 35°¢Cycles 35 chles; 35 cycles
Denature 94°Ql45sec 94°(_;/ 45566:‘ ?_4°C/ 45sec
Annealing 64°C/45sec 58°C/4536(‘i_ 6:400/45$ec
Extension 72°C/ 358ec 72°C:/ 36560':.}_72:"C/1 min
Final extension 72°C/10min _.u_7,2°!C/10min! ':{_ij’_ﬁ_';/Mmin

The PCR products were verified for correct size'o'h an ethidium bromide-

stained 1.5-2% agarose gel. The PCR products were then treated with ExoSAP-

IT (USP Corporation, Cleveland, OH)  according to the manufacturer’s

recommendation,’ and sent for-direct sequencing at Macrogen Inc., Seoul,

Korea. The sequence was analyzed by sequencher.

A previoussyreport “has' recommended ‘if TBXS ‘'mutation, analysis fails to

showsa mutation, SALL4 analysis should be considered.

3.5 Mutation analysis with SALL4
3.5.1 Polymerase Chain Reaction (PCR)

The primers were designed within introns to allow genomic amplification

and sequencing of exons 1-4 including exon-intron boundaries as shown in

Table 7, 7.1, 7.2.



Table 7. Primer sequences for SALL4 mutation analysis

Name Primer sequence 5’ to 3’ Product size (bp)

Sall4-ex1-F1 | CAG GAATTT GTG GCG GAG AG 301

Sall4-ex1-R2 | CTC CTG AAT TTG CGC TGG AC

Sall4-ex2-F1 | CGAGAG ACT TCC AGG CAT CA 2937

Salld-ex2-R1 | GGC TGC TTC AAG TCATAC TC

Sall4-ex2-F2 | TTC CCAACC TCAGGT GAT CT For sequencing

Sall4-ex2-F3 | TGA ATC AGC GGAGCG CGG AT | Forsequencing

Sall4-ex2-F4 | GGACTG ATAGCIFCET TGC AG | Forsequencing

-
Sall4-ex3-F1 | CCAGCT CCAGAC ICT CAA AC 624

Sall4-ex3-R1 LEBTGCAGC TTG AGC TTG AGA TG

Sall4-ex4-F1 ECETET AAG TCA AGG ATC ATC 693

Sall4-ex4-R1 #GGT JOT GETCAC AAC CAACG

’ :ﬁ ot
Table7.1. PCR reaction of SALL4

Component Ex:0n1 | Exon2 Exon3 Exon4
id TN

Distilled water (ul) S 24(1X) 13.4 (1X) 13.4 (1X) 13.4 (1X)

10XPCR buffer |+ 2.0 g f) 2.0 2.0
25mM Mgl 1.5 (1.5mM)| 1.5 (1.5mM) _1".5_(1 5mM) | 1.5 (1.5mM)
10 mMdNTR 0.4 (0.2mM) | 0.4 (02mM) |-0.4 (0.2mM) | 0.4 (0.2mM)

10uM SALLA-F 0.30.1uM) | 03@©.1pM | 0.30.1uM) | 0.3(0.1uM)

10pM SALLA-R 03 (0.1uM)} (=0.3: (01 EM) 13 0:3(0tpM) | 0.3 (0.1uM)

100% DMSO 1.0 (5%) - - -

5W/al Tag pelymerase 420.17(0.025U) i 0:1+(0.025U) #fs 01 (0:0256) (£0.1 (0.025U)

50ng/ul Genomic DNA 2 2 2 2

Total volume (ul) 20 20 20 20




Table 7.2. PCR cycle and condition of SALL4

Step Exon1 Exon2 Exon3 Exon4
Initial denaturation | 94°C/5 min | 94°C/5min | 94°C/5 min | 94°C/5 min
PCRcycle 35 cycles 35 cycles 35 cycles 35 cycles
Denature 94°C/45sec | 94°C/45sec | 94°C/45sec | 94°C/ 45sec
Annealing 64°C/ 45sec | 64°C/45sec | 68°C/45sec | 60°C/45sec
Extension 72°C/20sec | 72°C/3min | 72°C/45sec | 72°C/45sec
Final extension 72°C/5min | 72°C/5ming| 72°C/5min | 72°C/5min

3.5.2 Agarose-gel-elecirophoresis-and-bDNA sequencing

The PCR products.were verified for correct size on an ethidium bromide -
stained 1.5-2% agarose'gel’ The PCF'% products were then treated with ExXoSAP-
IT (USP Corporationg Cleveland, OH) according to the manufacturer’s
recommendation, -and sent for, direcf sgquencing at Macrogen Inc., Seoul,
Korea. The sequence was analyzed by‘f's_equencher.

3.6 Mutation analysis with DoR3 * '
id o
3.6.1 Polymerasg Chain Reaction (PER)

The primers were designed within introns to allow genomic amplification

e

and sequencing ofiall coding regions including exon=intron boundaries as shown

in Table 8, 8.1, 8121

Table 8. Primer-sequences for DCR3 mutation analysis

Name Primer sequence §.to 3’ Product size (bp)

DcR3-gDNA-F1 CACICCT TGGACT GAG CTC 1G

1,112

DcR3-gDNA-R1 GGC ATG CCTCAG GCT AGATG

DcR3-gDNA-F1.2 |"GAG TGGICAG AAA CAC CCALCC

For sequencing

DcR3-gDNA-R1.2 | AAC TGG TGT CCT AGC TCAGG

DcR3-gDNA-F2 AGC TCT CTG ACC GAAGGC TC

536

DcR3-gDNA-R2 CCTCTTTCAGTG CAAGTG GG




Table 8.1. PCR reaction of DcR3
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Component DcR3-gDNA-F1/R1 | DcR3-gDNA-F2/R2
Distilled water (ul) 12.4 (1X) 13.4 (1X)
10XPCR buffer 20 2.0
25mM MgCl, 1.5 (1.5mM) 1.5 (1.5mM)
10 mM dNTP 0.4 (0.2mM) 0.4 (0.2mM)
10uM DcR3-gDNA-F 0.3,(0.1uM) 0.3 (0.1uM)
10uM DcR3-gDNA-R 0.3 (041 u) 0.3 (0.1uM)
100% DMSO t? (5%) 1.0 (5%)
5U/ul Taq polymerasé 04 (0.025U) 0.1(0.025U)
50ng/pl Genomic DINA | 2 1
Total volume (1) . L20 20
Table 8.2. PCR gycle and éond-i;ion of DcR3
Step DcR3-gDNA—I£t_/R1 DcR3-gDNA-F2/R2
Initial denaturation 94°C/5 mi’r-i"-r,:_q 94°C/5 min
PCRcycle /.35 cycles _“ 35 cycles
Denature 4 =O8°C ] A5seC: J—.. . 94°C/ 45sec
Annegling___ | 64°C/45sec 66°C/4bsec
Extension 72°C/ 1min 20 sec 72°C/45;ec
Final extension 72°C/5 min 72°C/5 min

3.6.21Agarose gel electrophoresis and DNA sequencing

ThePCRpraductsawereyvernifiedifor correctisizesonsan ethidium bromide -
stained 1.5-2% agarose gel. The PCR products were then treated with ExoSAP-
IT (USP Corporation, Cleveland, OH) according to the manufacturer’s
recommendation, and sent for direct sequencing at Macrogen Inc., Seoul,
Korea. The sequence was analyzed by sequencher.

3.6.3 SLE Disease Activity Index (SLEDAI)

This method reports disease activity, damage from disease, and health

status in score form by filling clinical data into SLEDAI form (Table 21.) and



calculation of score. This method is useful for classification of severity as active
and inactive SLE.

Table 9. SLEDAI form

Has the patient had the recent onset of seizures, = r
unexplained by metabolic, infectious or drug causes? ~ Yes  No
Has the patient shown psychotic behavior? " Yes” No

Does the patient show altered men

fi ‘nction, with s s
impaired orientation, memory '

ellectual functions? ~ Yes  No

Does the patient have a , ‘ tinal s s
changes associated wit Yes No

neuropathy involving.e . o, Yes No
Does the patient nt | r .
unrelieved by narcoti L= " Yes  No

or stroke, not due t SIS ' Yes No

i i raial ' ? O C
Does the patient ha f 7 : grene? Yes No
Does the patient have tender fif e e
infarctions, or splinter hemorrhages® i Yes No
Does the patient ___ .................. ’ f ' '
vasculitis? i Yes No
Number of joints vm-u pain, tenderness, swelling and/m I
effusion joints

e BUEINNINEDT -

Yes No
¢ o Q/
D j r I
phosp in lase ‘ s No
9

Does the patient have changes in an electromyogram or a e e
biopsy consistent with myositis? Yes No
Does the patient have a new onset or recurrence of e e
inflammatory type rash? Yes No
Has the patient had a new onset or recurrence of abnormal, e e

patchy or diffuse loss of hair? Yes No
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Has the patient had a new onset or recurrence of oral or e e
nasal ulcerations? - Yes  No
Has the patient had pleuritic chest pain with pleural rub or e e
effusion, or pleural thickening? ~ Yes  No
Does the patient have pericardial pain * " Yes” No
Does the patient have a pericardial rub or effusion? T Yes o No

Does the patient have electrocardi
evidence of a pericardial effusi

r echocardiogram r I
- "~ No

Yes
I O °C o °F
Ii

per pL
107N9/L
I © L
WBC count peru
r-.
10MN9/L
i o drug ns2 OO
Are the decrease in drugs or toxins? " Yes  No
; , |
Current urine protein outpu STTITE) ' § I
e e grams per day

. . | = r—
Previous urine piofe A I grams per day

Does the patient Hme heme-granular or red blood celﬂasis ' '
in the urine sediment? - No

o SMEANENTNONT — ..

power field

- & o /s
Nlﬂ)ﬂfi)‘\@bﬂ)ﬂgim M(M f] q w E] r] ﬁ I E WABCs per high
1 power field
Can the urine findings be explained by stone, infection or ' '
other cause? Yes No
Does the patient show a decrease in CH50, C3 or C47? C Yes C No
Does the patient show evidence of increased DNA binding by ' '

the Farr or other assay? Yes No
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3.6.4 Enzyme-linked immunosorbent assay (ELISA)

1. Prepare solution and standard dilution for plotting standard curve

2. Determine the number of microwell strips required to test the
desired number of samples plus appropriate number of wells needed for
running blanks and standards. Each sample, standard, blank and optional
control samples should be assayed in duplicate.

3. Wash the microwell strips twice with approximately 400 yl Wash
Buffer per well with thorough aspiration of microwell contents between
washes. Allow the Wash Buffer to sieinsthewells for about 10 — 15 seconds
before aspiration«lake-care not' to scraich-the surface of the microwells.
After the last wash step,.empty wells and tap microwell strips on absorbent
pad or paper towel'to remove e;'gcess Wash Buffer.

4. Add 100 plof Sample l_[h)Huent in duplicate to all standard wells.
Pipette 100 ulof prepared ,sténdé?d in duplicate into well. Mix the contents
of wells by repeated asplrat@on ar:ei ejection and creating two rows of
human DcR3 standard d|Iut|0ns rang.yr‘\g from 5000 to 78 pg/ml

5. Add 1007l ofiSample Dllqe_qpim duplicate to the blank wells.

6. Add 50 pl of Samble Dilugi?t'o the sample wells.

7. Add 50 pl of each sample in-duplicate Lt) the sample wells.

8. F’repare Biotin-Conjugate s

9. Add'50 ul of Biotin-Conjugate to all wells.

10, Cover withsan adhesive-film and incubate at.room temperature
(18 to 25°C) for 2 hours, if'available’on a'microplate ‘shaker set at 100 rpm.

11..Prepare Streptavidin-HRP

12.'Remove adhesive'film and empty wells=\Wash-micrewell strips
6 times according to point b. of the test protocol. Proceed immediately
to the next step.

13. Add 100 pl of diluted Streptavidin-HRP to all wells, including
the blank wells.

14. Cover with an adhesive film and incubate at room temperature

(18° t0 25°C) for 1 hour, if available on a microplate shaker set at 100 rpm.
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15. Remove adhesive film and empty wells. Wash microwell strips
6 times according to point b. of the test protocol. Proceed immediately
to the next step.

16. Pipette 100 pl of TMB Substrate Solution to all wells.

17. Incubate the microwell strips at room temperature (18° to 25°C)
for about 10 min. Avoid direct exposure to intense light.

18. Stop the enzyme reaction when the highest standard has
developed a dark blue caolour by quickly pipetting 100 ul of Stop Solution
into each well. It is important that the Stop.Solution is spreaded quickly and
uniformly througheutthe microwells to-ecompletely inactivate the enzyme.

19. Read absorbance of each microwell on a spectro-photometer
using 450 nm as.the primary wa“l‘jk(e length (optionally 620 nm as the
reference wave lehgth: 610-hm to 650 nm is acceptable). Blank the
plate reader@according to.theA maﬁuf@cturer's instructions by using the

blank wells. Determine the absorb"ance of both the samples and the

- 4

standards. ; 7

20. Plot standard eurve and analyze concentration of DcR3 in

each sample from standard curve.

3.7 Gel é)jracﬁon s

1. Exci_é_e the DNAfragment from the aga_rbse gel with a clean,
sharp scalpel.

2. Weigh the gel slice im a celorless tube. Add 3-volumes of Buffer
QG to 1 volume of gel (100 mg ~ 100 ).

3./Incubate at 50°C for. 10 min (ar until the gel slice’has completely
dissolved). To help dissolve gel, mix by vortexing the tube every 2-3 min
during the incubation.

4. After the gel slice has dissolved completely, check that the color
of the mixture is yellow (similar to Buffer QG without dissolved agarose).

5. Add 1 gel volume of isopropanol to the sample and mix. (This

step increases the yield of DNA fragments <500 bp and >4 kb.)



6. Place a QlAquick spin column in a provided 2 ml collection tube.

7. To bind DNA, apply the sample to the QlAquick column, and
centrifuge for 1 min.

8. Discard flow-through and place QlAquick column back in the
same collection tube.

9. (Optional): Add 0.5 ml of Buffer QG to QIAquick column and

centrifuge for 1 min.

10. To wash, add 0.76 ffer PE to QlIAquick column and

centrifuge for 1 min

ge the QlAquick column

for an additiona 0 ’. pm).
. ; .5 ml microcentrifuge

ClE "\.H

tube.

13.T 0 mM Tris-Cl, pH 8.5) or
H,O to the ce QlAquick . e and centrifuge the column for
1 min at maximu . 7 nal 3y, o‘\ creased DNA concentration,

add 30 pl elution buffer e QlIAquick membrane, let the

column stand for 1 e for 1 min.

-
=

G = X

g §
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CHAPTER IV
RESULTS
1. X-inked adrenoleukodystrophy (X-ALD)
1.1 Mutation analysis of the ABCD7 gene
Sequence analysis of the ABCD1 gene from the 9 unrelated patients with X-ALD
identified 5 disease-causing mutations. There were 5 different sequence variants

including 2 novel mutations.

Patient 1: A boy with cllmca@’ /Nlth X-ALD was found to have a

known missense mutation . He’waémUs for a G to C mutation at
nucleotide position 1936.. Figu \mma‘uon is expectedto result

in an alanine to proline sub

WT

Pt 1

ABCD1 ngj:;e ’ Eﬁ”ﬂﬁﬁ*ﬂ gﬁﬁ W%Jﬁpﬁ% ) muteton e
e Gl BN B onr o

exon 8. He'lwas hemizygous for a G to A mutation at nucleotide position 1825
(c.1825G>A) (Figure 11). The mutation is expected to result in a glutamic acid to lysine

substitution at codon 609 (p.E609K).


http://en.wikipedia.org/wiki/Glutamic_acid

50

Pt 2

Figure 10. Electropherogram showing the c:1826G>A (p.E609K) mutation in the
ABCD1 gene. . g

Patient 3: A boy with X-AlfD was found to have a Known missense mutation on
i
exon 3. He was hemizygous forsar C to :T,_mutation at nucleotide position 1201

(c.1201C>T) (Figure 12). The mutation is-expeeted to result in.an arginine to tryptophan

substitution at codon 401 (pR401W). J

WT

Pt 3

Figure 117 Electrapherograin showing the'c.1201C>T (p-R401W) mutation in the
ABCD1 gene.

Patient 4: A boy with X-ALD was found to have a novel missense mutation on
exon 3. He was hemizygous for a T to C mutation at nucleotide position 1175 (c.
1175T>C) (Figure 13). The mutation is expected to result in a leucine to proline

substitution at codon 392 (p. L392P).


http://en.wikipedia.org/wiki/Glutamic_acid
http://en.wikipedia.org/wiki/Tryptophan
http://en.wikipedia.org/wiki/Glutamic_acid
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ABCD1 gene.

Patient 5: A boy with X- as found to- a novel missense mutation on

exon 1. He was hemizygous fo

(Figure 14). The mutation is expectedto alz to aspartic acid substitution

b
ELRERTS .

at codon 247 (p. A247D).

Pt 5

F.gumﬂt%gggﬂm&w@wmﬂz o) mution n i

ABCDT1 gene .

R ANAA, MDA ..

to be carry the novel missense mutation on exon 1. She was heterozygous for a C to A
mutation at nucleotide position 740 (c. 740C>A) as shown by restriction enzyme

digestion with Tagl (Figure 15).


http://en.wikipedia.org/wiki/Aspartic_acid

Table 10. The restriction enzyme digestion to screening for the c. 740C>A mutation
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Expected Expected size after digestion
. ) _ Restriction | Cut site
Mutation Frimer S|z.e be.fore enzyme 5 to 3° | Normal | Homozygous | Heterozygous
digestion mutant alleles | mutant alleles
512 - 512
Cc.740C>A | ALDel1C-F i
ADelCR 514 Tagl T/CGA 280 280
(p. A247D) e1C- \U / ] s s
e \ 1 ‘ ! '&/
500bp e ok Bl 512 bp
400bp
300bp
1 ,
i W/ E
Figure14. Restrictiojenzyme digestion 2 of pati nt 5, the mother of

patient 5 and 50 unaﬁ;gcted controls. M= 100 bp DNA marker;

Lanet = ﬂnu I%Te’a ﬂfftﬂtﬂwﬁ%ﬁs@rﬂ Lﬁﬁ‘ected controls

1.2 Conﬂrmaﬂon of two novel futant alleles=by restriction

RN ITUURTINET

é&ige digestion

Restrlctlon enzyme digestion of PCR products of the patient and 50 normal

controls was carried out to confirm the presence of the identified A247D novel mutation

as shown in Table 11 and Figure 15.

PCR and direct sequencing of the patient and 50 normal controls was carried out

to confirm the presence of the identified L392P novel mutation that as shown in figure16.




Table11. PCR-RFLP for confirmation of the novel mutation, c. 740C>A
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Expected Expected size after digestion
_ . _ Restriction | Cut site
Mutation Primer S'Z-e be.fore enzyme 5' to 3’ Normal Homozygous | Heterozygous
digestion mutant alleles | mutant alleles
512 - 512
c.740C>A ALDe1C-F )
. 514 Tagl | TICGA 280 280
(p. A247D) elt- - 234 234
i [E] o, = 2 [E] _
[ C\|\ G i L [&] = [
f “
/ .:DE-CQEG1?21 ALDSE-:S F F,mﬁ tgase ;1?4 53511?4 of 259
I C l: JG (] C n [ C
/Y x/\/“_/ i
;—"\LD%S—CT1?—ALE:E-:3—E -mﬁ 'Gﬁase #A1?4. Base}ﬁ:?ﬁl cg 264C
[ T [ r T LG [ A [ [

50 unaffected

controls <

N

C {7

AL eSO T as- A D xS F Fba== #1r=. Ba=e 1ro5 of 259
B I T | k. s = o = [
C T C CARA-TT. e 5] [ A G C

==
ol o

AN

DE-:3 G122 .-E«LDSE-CS = F‘mimer’t ba$e #‘L:"S Base 1732 of 434

AL

Figure 15 Electropherogram showmg the p.L392P in patient 4 and 50 unaffected

controls in the ABCD1 dene.

Pompe disease

Mutation analysis ofithe GAA gene: 2 steps

We initially screened for a common mutation, p.D645E by PCR-RFLP. If the

patient did not have the common mutation, pD645E, we performed direct sequencing in

cDNAto screen for other mutations.




2.1 Restriction enzyme BsaH |
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Restriction enzyme digestion is the simple and affordable method. We screened

for the common mutation, D645E in Thai Pompe patients. There were totally 5 families.

The results of PCR-RFPL studies were shown on table 12 and figure 17

Table12. PCR-RFLP for confirmation of the common mutation, ¢.1935C>A

Restriction Cut site

5to3

enzyme

Expected
Mutation Primer size before
digestion
GAA-ex15-F
c.1935C>A
GAA-ex15-R 397 —))s
(p. DB45E)

Expected size after digestion

Normal

Homozygous

mutant alleles

Heterozygous

mutant alleles

282

397

397
282

- 115

oo ﬂtpﬁd{;@w@% GBS et

M: 100 bp mu'ker Lane 1: Ahoméazygous D645E control. Lane 2 A

RRIRAFIRU LA PR

2.2 Sequenolng

For sequencing, RNA was changed to cDNA by reverse transcription.Then

we used cDNA template for nested PCR amplify coding regions with the forward primer,

GAAF1 and reverse primer GAAR1 produce 3,240 bp. Then amplified fragments from

nested PCR by GAAF1 and GAAR2 produced the 1,330 bp and GAAF2 and GAART

produced the 1909 bp.




CT T_A
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WAL

Figure 17. Electropherogram showing the ¢.1726G>A (p. G576S) mutation in the

GAA gene.
We found the c. 1935C§~A\\5'
the c.1726G>A (p. G576Ma.t|on in o

Table13. The result of -|r) 6 unrelate

Family Case ' atne. ut‘

hai families

“mutation in all families and found

ummarized in table 13.

Genotype

"‘,“372 Methods Diagnosis
DB45E Sequence in Taiwan Pompe
ZlA | Prenatal Restriction enzyme Carrier
ild pe Restriction enzyme Carrier
Nild type Restriction enzyme Carrier
645E / D645E Restriction enzyme Pompe
Z10WA2  Prenatal Restriction enzyme Carrier
Restriction enzyme Carrier
Restriction enzyme Pompe
I\gother DSéJE / Wild type Restriction enzyme Carrier
Fl UBANIPHPNYIN ] soworers oo
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q <1 Patient3 ¥ " “ D645E /D6 rﬂ-’on enzyme Pompe
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Restriction enzyme
. Patient 4 ?7?7? | D645SE Pompe
Confirm & Sequencing
F=llh2s Diagnosis Father Wild type / D645E Restriction enzyme Carrier
Mother ??7? | Wild type Sequencing Carrier
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3. Hyper-IgE Syndrome (HIES)
For sequencing, RNA was changed to cDNA by reverse-transcription and the
product was PCR-amplified. The product contained 1,780 bp
The patient : A boy with clinical features consistent with Hyper-IgE (AD) was
found to have a known missense mutation on the DNA binding domain. He was
heterozygous for a C to T mutation at nucleotide position 1144 (c.1144C>T) (Figure
19). The mutation was expected to result in an arginine to tryptophan substitution at

codon 382 (p.R382W).

Figure18. Electropherograin showing the ¢ 1144C>T (p.R382W) mutation in the

STAT3 gene. [~ —

4. Holt-Oram syndrome (HOS)

Sequence analysis ofjthe, TBX5,generin4 unrelatedspatients.with HOS could not
identify disease-causing mutations in' TBX5. However, a“previous report identified a de
novo pericentric.inversion .of .chromosome 20gd3.2,"Where SALL4 was,located, in a
patient with ‘clinical features ‘consistent’ with HOS.'We therefere performed mutation
analysis of the SALL4 gene in our patients with Holt-Oram syndrome but without
mutations in TBX5. PCR-sequencing of the SALL4 gene in 4 unrelated patients with HOS

could not identify mutations in SALL4.


http://en.wikipedia.org/wiki/Tryptophan
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5. Systemic Lupus Erythematosus (SLE)
5.1 SLE Disease Activity Index (SLEDAI)
It is used to describe the disease activity. Using the SLEDAI score, there were 9
active patients and 38 inactive patients in our cohort.

Table14. SLEDAI score of 47 SLE patients

Inactive stage Active stage
Mild disease Moderate to severe disease Severe disease
0-2 3-4 5-6 7-8 9-10 | 11-12 | 13-14 | 15-16 | 17-18 | 19-20 >20
28 5 5 2 4 1 - 1 - - 2

3
5.2 Mutation analysis of the"DeR3 genhe
Sequence analysis of the DCR3 gene from the 89 unrelated patients with SLE
identified one potential disease-cauging mutation which has never been described.
SLE Patients : Out of 89 unrelated ST;E,lpatients, a girl with SLE was found to
have a novel missense mutation in the DeR3 éene. She was heterozygous fora Cto T
mutation at nucleotide position 364 (c-.BE‘.34C>T).:;iJ(-::'lI-fingﬂure 20). The mutation is expectedto

result in a histidine to tyrosine subsiitution at codo"n; 422 (p.H122Y).

& GALC G Tﬂ I: S, L &,

A G-& &G+ & & & & G A
WT

A GOIC G0 T C© G C G CA

AYG C G T A C G C G A

Pt WW

Figure19. Electropherogram showing the ¢.364C>T (p.H122Y) mutation in the

DcR3 gene.



http://en.wikipedia.org/wiki/Glutamic_acid

5.3 Confirmation of the novel mutant allele by restriction enzyme digestion
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Restriction enzyme digestion of PCR products of the patient and 500 unaffected

controls was carried out to confirm the presence of the identified novel mutation as

shown in Table 15 and Figure 21.

Table15. PCR-RFLP for confirmation of the novel mutation, ¢.364C>T.

Expected
Mutation Primer size before
digestion
DcR3-
c.364C>T gDNA-F1.2 -
442,
(p.H122Y) DcR3-
gDNAR1.2
500 bp
400 bp W=

AUYINYNINYINT

Figure 20 P&!l RFLP to confirm the presence oﬁ novel mutatlo

N

Restricti Cut site
e

Expected size after digestion

oo w G SR TR I A GR- -

unaffected antrols

Normal | Homozygous | Heterozygous
mutant alleles | mutant alleles
.Q 442 - 442
'l‘ 279 279
ﬁﬁ::\\ 164 164
(i< ,‘ \ \
i .:, \
‘Jq
.-‘,.5
442 bp
1
.364C>T in

In 500 unaffected controls, we found one sample that can be cut by restriction

enzyme digestion. The digestion pattern was similar to that of the patient with the

c.364C>T mutation.
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5.4 Enzyme-linked immunosorbent assay (ELISA)

ELISA was used to detect the level of DcR3 in serum of 52 SLE patients and 25
controls who were unaffected with SLE. The serum DcRS3 levels of active SLE patients,
inactive SLE patients and unaffected controls were 436.35 +433.71 pg/ul, 68.04

+158.52 pg/ul and 222.9141+194.8946 pg/ul, respectively, as shown in figure 22.

1400
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1000
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&
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0

Active = Inactiv = ontrol
n=9 ; T h=24

Figure 21 Serum D 3 Ievels (pg/ul) in SLE pat|ents a d unaffected controls
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CHAPTER V
DISCUSSION AND CONCLUSION

Genetic disorder is a disease caused by abnormalities in an individual’'s genetic
material (genome). There are over 6000 genetic disorders that can be passed down
through generations. In this study, we described some genetic disorders commonly
found at Pediatric Clinic of the King Chulalongkorn Memorial Hospital.

X-ALD is a rare genetic disease with ‘'symptoms normally starting between the
ages of 4 and 10 years. We identified 9 unrelated Fhaipatients clinically suspected of X-
ALD. Mutation screening in the®ABCD1 gene by PCR=sequencing revealed 5 different
mutant alleles including 2 nowvel enhes. (A646P, E609K, R401W, L392P, A247D).
Restriction enzyme analysis was .also used"Lto confirm and screen for the identified
mutation in at-risk family members or s'uspécféd carriers. The results, revealing the
mutations as either de novo aor inherited,hav% proved to be helpful for more accurate
genetic counseling as well as prenata! diagnos"ijgl 4

In this study, a mutation in the _/.LV\ABCDT:;'gaépne could not be identified in 4 X-ALD
patients, it remains possible that mutations cod_dﬂéife in the promoter or intron region
which was not included in our methogd: - _,

In Pompe diseasg =there are some populations in whic_ﬁ particular mutations are
more common due to founder effects. For example, the p.R8?>4X mutation has been
found in many African American and African cases; the p.DB45E has been seen in many
Chinese infantile cases; and|the, pGO25AIMutationihas beensseen’ in many European
cases.” In this study, we analyzed 5 unrelated Thai families with Pompe and found the
p.D645E mutation: insall=families, (1:00%). |t imightsbe-thesmest eommonly feund mutation
in Thai people caused by a founder effect similarto previous sttdies in the Chinese and
Taiwan populations @8 For a cheap, rapid and reliable test, genetic testing using
restriction enzyme analysis for the D645E mutation can be performed in Thai patients
with Pompe. If this mutation is not detected, further analysis by PCR-sequencing to

identify other mutations in the GAA gene should be performed. Genetic analysis remains

very useful for genetic counseling and prenatal diagnosis of this disease.
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Mutations in STAT3 have been recently identified in a disorder causing profound,
multisystem inflammatory disorders."” STAT3 is an essential mediator of the immune
suppressive action of interleukin-10, and the loss of responsiveness of this interleukin
may underlie much of the proinflammatory nature of the hyper-IgE syndrome (HIE). The
heterozygous missense mutations have been found only in the DNA-binding or SH2
domain. Mutations within the DNA binding domain resulted in a protein with impaired
ability to target the promoter of the target genes and mutations in the SH domain caused

(10, 11) . . .
From these previous findings, we performed

reductions in target-gene expression.
targeted mutation analysis by designing primers” only.around the DNA binding and SH
domains for direct sequencingranalysis. We' identified the known mutation, ¢.1144C>T
(p.R382W) in our Thai patient. This'is«the first molecularly-confirmed HIE Thai patient.
Holt-Oram syndrome (HOS) is /a raré genetic disorder. It is characterized by
malformations of upper limbsfand variable cardiac defects. The diagnosis can be
confirmed by mutation analysisiof the TBX5 ge;:nef; At present, mutations in TBX5 can be
found throughout in the coding region of ‘the g;ng as shown in figure 6."% In this study,

we analyzed all exons of the TBX6 but could h’f'qju_identify the potential disease causing

mutation. However, some previous studies found another gene responsible for HOS. It

has been suggested that if the patients were di@'ganed with Holt-Oram syndrome and

TBX5 analysis failed to. sj’xow a_mutation, SALL 4 analysis s_ﬁo.uld be considered. %

Therefore, we analyzed'all coding regions of SALL4 in ou’r(l HOS patients without
mutations in TBX5 and could not identify the potential disease causing mutation. From
this result, there couldibe aetherunidentified genesiresponsiblesforsdolt-Oram syndrome
in these Thai patients.

Systemic=lupus=erythematosus (SkE) #isy a=severe, autoimmune=disease inflicting
damage to multiple organs. The exact etiology” of 'SLE has 'not been’ clear, but it is
obvious that genetic factors, gender and environment are involved its pathogenesis. It
has been shown that there are multiple genomic loci containing SLE susceptibility genes
in humans and mice.(ao) In 2007, studies in mice found that overexpression of human
DcR3 in mice resulted in an SLE-like syndrome. In addition, some previous studies have

shown elevated DcR3 levels in active SLE patients when compared with inactive SLE
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patients and healthy controls, although the reasons of this association remain elusive. o

9 Therefore, DcR3 is a potential new candidate gene for SLE.

Our study showed that DcR3 levels were not different between SLE patients and
unaffected controls. Our results were not similar to the previous studies. The
possibilities remain that the controls that we used in this study were individuals with
other diseases but not autoimmune diseases, unlike the controls used in previous
studies. Most of our samples were from inactive SLE patients. However, we found two
severe SLE patients (with SLEDAI score 24 and.29) who had significantly increased
levels of DcR3 (1,299 pg/ul and-961.7 pg/ul). There was one patient who we received
two serum samples during inaetiverstage (store-0)-withsthe DcR3 level of 255.3 pg/ul
and during active stage (score 8)With up the DcR3 levelto 711.01 pg/pl.

We identified one SLE patient with thelc 364C>T1 mutation on exon1 of the DcR3
gene. The mutation is expectgd tofrgsultin a histidine to tyrosine substitution at codon
122. The mutation is locat€d on the Fas bmdr?wg site. It is a region for binding with the
Fas receptor to protect apopt@sis. We tested‘ whether this mutation was a potential
disease-causing mutation by screemng.a:or its p)::rﬁ_gence py PCR-RFLP in 500 unaffected
controls. We found 1 in 500 ‘unaffected cor@i]_s:ﬂ carrying this mutation. We also
measured the DcR3 level in this patient. The p‘%i_e’ﬁt-did not have an increased DcR3

levels. It remains possible_’J"ghat this mutation might resultin qair.j_. of function leading to an

increased ability of DCR-SMin binding with the Fas receptor. T'HIe DcR3 level could be
normal in the SLE patient with the mutation. Of note, although there have been many
genome wide association studies forSkkE] nonezhave jshowma«positive association to a
polymorphism neanby the DCR3 locus. This does not absolutely contradict our
hypothesis;=DCR3 could,still be.a.gene, underlying, SLE= If the BNAchange, found in our
patient is proved'to be a de "novo pathogenic mutation, then~association” studies are

correctly unable to detect it.

The practical techniques to detect each mutation in this study can be concluded

in Table 16.


http://en.wikipedia.org/wiki/Glutamic_acid

Table16. Practical technigues to detect mutations in this study.
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Mutation Practical technique

Example disease

Distribute throughout the gene Analysis of all exons or coding regions

Common /hotspot mutation PCR-RFLP
Some regions Analysis of specific regions
Not found mutation Maybe mutation in other genes

X-linked ALD
Pompe disease
HIES

HOS

In conclusion, genetic testi

provide the most accurate a

‘ W ;ed for each genetic disease to

ease diagnosis. Developing

such methods depend on enes that associate with the diseases, for

example, gene size, gene
the gene. These factors nee

practical genetic techniqg

ﬂ‘NEI’JVIEJV]iWEI"]ﬂ‘i

ammn‘im URNAINYAY

\.\~ ously reported mutations in

. or successfully developing
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APPENDIX A

BUFFERS AND REAGENT
1. 10X Tris borate buffer (10X TBE buffer)

Tris — base 100 g
Boric acid 55 g
0.5 MEDTA (pH 8.0) 40 ml

Adjust volume to 1,000 ml with distilled water. The solution was mixed and

2. 6X loading dye
Bromphenol blue .
Xylene cyanol 7
Glycerol ,

1M Tris (pH 8.

Distilled water

Mix and store at

3. 2% Agarose gel

Agarose _
1XTBE o mi
Dissolve by heatinc : o¢casionally mix until no

granules of agaro X
4. Ethidium “ @
Ethidium bromide’

Dustnleﬂvuﬂ ,J qn El V]jw Ulﬂ ‘i

Mix the solutlon and store at4’C

5 %Wﬁeﬁﬂ%&%ﬂdﬁ%ﬂﬁﬂ NYIRE

Iuhon A
NaCl 8.0 g¢g
KCl 0.2 g
CaCl,.2H,0 0.132 g
MgCl,.6H,0 01 g

Distilled water 800 ml



Solution B

Na,HPO, 115 g
KH2PO4 0.2 g
Distilled water 800 ml

Dissolve each solution in demineralized water. Autoclave solutions Aand B
separately at 15 pounds for 15 minutes. Mix A and B when cold: stir slowly;

final pH 7.0 and store at 4°C.
6. 100 bp ladder

100 bp ladder stock
TBE buffer
1Xloading dye
Mix the solutior
7. 1k bp ladder
1k bp ladder ste
TBE buffer

1X loading dye

1 A
Mix the solution and o??—:"—‘

E T

I:‘

] [
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APPENDIX B
SAMPLE SIZE

Sample size (two independent groups) for ELIZA experiment

From previous report

Patients (n,) = 90 controls (n,) = 123
mean (3(1) = 32 mean (?(2) =5
SD (S,) =432 SD (S,) =+12
Calculation
n/group

I'r ’

Iy
|

iF |

1232

ﬂiﬁi@’anﬂmwmm

wngaﬁﬁimumfmmaa
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APPENDIX C
CRITERIA FOR SELECTION OF CONTROLS & RESULT OF ELISA

Controls of serum DcR3 levels using ELISA
In this study, serum from healthy children could not be obtained. Therefore, we
used control serum from patients who met the following criteria.

Inclusion criteria for selection of the unaffected controls

1. Age

<20 yearsold

2.1
2.2
2.3
2.4

Hepatocellul
2.5 Crohn’s diseas
2.6 Pancreatic aden
2.7 Gastric cancer

2.8 Renal cancer

2.9 Epithelia p

2.10 B cell Iym@oma

2.11 Laryngeal ch&)ma

2120ﬂ'au%i?ﬂﬂVl§WEﬂ1ﬂ§

2.13 Gliom
q Wﬁﬁa@@ﬁﬁﬁu UNIINYIAY
2115 Gastrointestinal tract tumor
2.16 Silicosis
2.17 Leukemia
2.18 Kidney transplant
3. The patients with mild illnesses

4. The patients/parents signed the consent form.
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Table17. Evaluation of serum DcR3 (pg/ul) in SLE patients by ELISA

enn_m.:J—Bithk_lLKegder Results

Test o‘ﬂl
Measuresent Date a 1:12
Measurement Filters 4so/m

Legend: Layout / mmm / Concentration / mmm
Concentration range: 51.4526 pg/al .. 7579.8 pg/al
Thresholds not available.

1 2 3 4 5 6 7 8 9 10 1 12
8 T4 sul $n9 $n17 SH25 SH33 CUTT SM49 SHS7 M85 SH13
0.008(  0.091)  -0.015) -0.005| -0.007| -0.004 <-0,005|  0.002] -0.010|  0.050] -0.008| -0.013
[ 608.9 | 1832 1865 1859 1865 1865 63.96 | 1849 89,5 | 1855 1839
B 7] w2 SN10 snie s 42 sns0 Sns8 SH66 S
-0.003]  o.170 -0.021] -0.010]  0.020 0 -0.008]  0.393|  0.036] -0.012]  0.086
(] 568 1813 1849 185 . 1855 9%1.7 | 245.4 | 1842 385.4
3n 815 5u3 M1 ms1 HS9 SH67 SN75
’;‘m 0.073|  0.070| -0.0 021 0.021)  0.029] -0.004] -0.
¢l ¢ 352.9 | M50 | 1816 i 13 51, A 189.3 | 220.7 | 1869 1869
sTl $15 M Sni2 SH Sn60 SHe8 SH76
2,962  0.048)  0.001| -0.00i 0.127(  0.018)  0.009
D| 4848 283.5 | 5395 | | . 3| 1762 | 129.2 | 91.96
sn 816 SHS Ml SHé1 SH6S S
1.593 o,gu -0.019 : .0 0.035) 0. m 1.540
E| 2747 176 1819 ; - I 419 | 595.4 | 3297
816 M4 62 S0 sHI8
17| 0.01 0.016 A - ) 13| 0.024f  0.231|  0.051
f 157,06 | 166.9 | 1806 839 201.6 | 483 292.4
& “"
s13 8N (sm 3 : . $N63 SH71 SH79 ~
| 0.472)  0.001 "&;u 0. 24408 -30) : -0.025|  0.083|  0.138] _ 0.286
1088 53.95 8.2 | 71101 % | bt e 1800 3718.2 | %02.7 | 781.8
y Y == >~ - -
* Ll \ 1ETS ¥ $HS6 SM64 SH12 Sn80
.0.089{ 006" 0. -0.0 0.033)  0.001| =0.019]  0.131
ll | 10877 285 el 18267 | 235.05 | 53.95 | 180.6 | 4¢87.9
plate ID: 7 : ' ‘ Results

0001

2 R - L
Sta curve nodel: d-Paraseter ( ) (&-D (lOix
Cal paraneters: l-d‘tz'lﬁozis ) 0-220!27

Figure22. Standard curve of DcR3 by ELISA
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