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Abstract

Goutis an increasingly common form of inflammatory arthritis caused by the deposition of urate,
leading to the formation of monosodium urate (MSU) crystals in joints and other body Tik&ue.
results in subsequent recurrent acute inflammation attéicksGout prevalence is increasing
worldwide andhas aparticularly highprevalere in the MU o and Pacific populatics of New
Zealand (9.3 to 13.9% ¥l U o mein and 14.9% of Pacific Island meg). Risk factos for gout
dewelopment can beither genetic oenvironmental. The risk of gout is differdmtween ancestral
groups,suggestinghat they have genetic differend@s3.

Rheumatic hearfever (RHF) is a systemic auioflammatory diseasthatis caused by infection of
theupper respiratory tra¢mainly the throgtby group Ab-haemolytic streptococci (GABHSRHF
happensvia antigen molecular mimicry and cross reactivity mechamisetveen the hst and
bacteria Cross reactivity of antibodies and/or T sslimulates recognition between tHe.pyrogenes
peptides and the host proteindleads to inflammation and autoimmun{@). RHF incidence and
prevalencédiassteadily declined in developed countries since the early 1900s. However, it remains a
leading cause of morbidity and mortaliynong young individuals (6 15 years) in developing
countries The risk of RHF can be familial or environmental eas poor housing conditions,
crowding, and poor health knowled¢e 6).

ThelL23R gene codes fdhe interleukin 23 receptofhe receptois located on the cell membrane

of cells that are involved in the immune systarhich provide defence mechanisms against infection
and disease from foreign microbes. During the TH17 immune response, actifati@3m® from
interaction with its subuh{IL23) initiates inflammatior(7). Previous studielsave showihat genetic
variants derived from IL23R are associated with aol@mmatory related diseasesuch as
rheumatoid arthritis,ankylosing spondyliti@nd inflammatory bowel diseas&.study by Liu et al
(2015) showed thahe IL23R SNP rs7517847 minor allele G confers an association with gout in

Chinese Han male population.



Our aim was to test IL23R gene variaiits11209026, rs7517847 and rs11465804) for association
with gout and RHF in European and Polynesian populgtiesmg caseontrol sample sets recruited
within New Zealand and (for gout) Europe. To tdss hypothesis, SNPs were genotyped using
Tagman asay and statistical analysis was carried out using R studio logistic regression to test for
association of SNPs with gout and RHF. Common confournldrglingancestry, sex and agere
adjusted for in the regression analysis

Gout esults revealed thas¥1465804 and rs11209026 in b&hropearand Polynesiamvere not
significanty associatedvith gout However,the rs7517847 minor allele (G) showed a significant
association with gout in PolynesiéfPolynesianOR = 0.85, P 6.04)(EuropearOR = 0.94P =0.53)

which is constent with the Luet al(2015)findings. These dat&plicate the Liu et al (201%ndings

and support the claim that IL23Rs a causal rola gout in people with Polynesian ancestry. Hence,
the IL23R pathway is a target for gdrgament inthe Polynesian population.

RHF results revealed that or#NP rs11209026 shows evidence of association with a protective effect
for the minor allele (A) (OR = 0.07,-¥alue = 0.002) after adjustment. Therefore the rs11209026
major allele (G)$ in a susceptible directiomhis provide evidence that IL23Rasa casual role in

RHF development riska Polynesian people
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Chapter 1: Introduction




1.1.1 Complex Diseases

Complex diseass ompolygenetic diseasare diseases thatenot only influenced binherited genetic
variants but alsenvironmental factar(8). Common known complex diseas@cludes diabetes,
obesity, gout andardiovascular diseaseg rheumatic heart diseageomplex diseasehave multiple
genetic variantassociated with risk of the diseasmderstanding the biological basis as weltrees
mechanism ofction ofthese genetic variants is a crucial stepdevelopingproper and effective
treatments and interventions for these diseds$efrtunately, finding these genetic variants is not
easy. Known common variantgypically only account for~10% of heritability variancewith

considerablderitability variarce asnot yetidentified (9).

1.1.2 Genetic Association Studies

A genetic association studwarmhelp explain the biological basis of a complex dise@d€®. These
studies areonducted to investigate if a certain genetic vars#a significant association with a
diseasg(11).There are two tymeof genetic associationwties: (1) familybased studies an@)
populationbased studigsvhich arecommonly known as casmntrol studes(12).

A family-basel type stuly determine a inheritablegenetic variants from parents tteeir offspring
(13). An allele that increasdberisk of developingdisease, is likely tbeinherited by the offspring
in a populatiorwith the diseaséA population basgstudymeasureshe frequencies andistribution
of singlenucleotide polymorphisniSNP) alleles between cases and cont@éses refer to those
who have the disease and cordrefer to unaffected individuals randomly recruited fitbiselected
population.If a SNP allele(especially a minorIkle) frequency is increased in cas#®e risk of
diseasalevelopments also increased gene varianthathasa functional effect oa certain trait or
hasa linkage disequilibriunLD) with another functional variants will likely have an associatith

a certain phenotype
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1.1.3 Auto-inflammatory & AutoimmuneDisease

Auto-inflammatory disease is often thought to be autoimmune disBasentstudiesthat were
previously known as autoimmune diseasenow known to bito auteinflammatory diseasé@oth,
autoinflammatory and autoimmune disease have an impaired immune sgssponse Auto-
inflammatorydiseasebave a malfunctinginate immune systemhile autoimmuneliseass patients
havean impaired adaptive immuri@4, 15) Thereforetheir causal mechanism is differemts well
as theirtreatment options, lonagerm health risks, and potent@mplications. However, sometise

both diseasecan share the same symptah4)

1.1.3.1 Auto-inflammatory disease

Auto-inflammatory disease islue to innate immune dysfunctioihe immune system becorme

activate without cause (meanitigeimmune system resposdithout antibodies to activate iths a

result theinnate immune reactidmecome®ver reactive. The over reactive pesse inducgvarying

degres of inflammation that can happen anywhere in the body. Fewwsrammon symptonof this

effect Over reactive inflammatiocan alsanitiate disease symptoms in muscles, joints, skin and

internal organs at the same tinféis includesdisease clinical gouinflammatory bowel disease,
Crohnbds disease, ankyl osi n s p o rpsbyaticiatthritsAutou |l cer at
inflammatory diseasean becaused by genetic mutation which indsiesgulation impairmendf pro-

inflammatory cytokines, including interleukit? and TNFalpha(14-17).

1.1.3.2 Auto-immune disease

Auto-immune diseaseccursvhen the adaptive or acquired part of the immune system has mistakenly
attacked somethgnthatis identified as a threat to the bodyhe aitoimmune mechaniswllowsthe
immune response to release antiboded T celsthat attack its own tissues and induce inflammation.
Inflammation often occwrataninitial inflammation siteput it can pogress systemically later on to
other body site Examplesof autoimmune disease areeumatic heart fever (RHF), rheumatoid
arthritis (RA), systemic lupus erythematosySLE), sjogren syndrome, hashimoto thyroiditis

juvenile (type 1) diabetes, polymyadisi, multiple sclerosisindscleroderm#18-20).
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1.2 Gout

Firstdocumentedby the Egyptians in 2640 BCogtwas one of the earliest diseases to be considered

as a clinical entity. Gout is a@ncreasingly common formfanflammatory arthritis caused by the
deposition of urate, leading to the formation of monosodium urate (MSU) crystals in both joints and
otherbody tissue. This results in subsequent recurrent acute inflammation @tBckharacteristics

of gout include red, tender, tand painful swollen joints. Its occurrence is mostly restricted to the

big toe or the first metatarsophalangeal joints; but other joints such as fingers, knees, heels and wrists
may also be affected. The sldarming urate deposits in and around the t®iftophi) result in a
deformed appearance. If left untreated, recurrent gout attacks may become severe and can lead to the

development of chronic gout, characterized by permanent deformation of RH25S)

Clinically, gout can be categorised as either primary or secondary, depending on its aetiology.
Formation of gout from high levels of serum urate in the blood (hyperuricemia) is classified as primary
gout, and is due to overproduction of serum urate or/addruexcretion of uric acid. In addition,
abnormal urate metabolism, via consumption of puricle foods such as alcohol and seafood, is also

a cause of primary gout, due tfze conversion of purines to uric ac{@6, 27) Secondary gout is
associated with the effects of other medical conditions and chronic comorbidities, including diabetes,
kidney disease, obesity, cardiovascular disease and metabolic syndrome. Moreover, side effects from
medications such as diuieg, aspirin and cyclosporine are also categorized as a cause of secondary

gout(28-30).

18



Figure 1.21 James Gillray, 1799 painting of goullustrating a foot beingattacked.

The imagedeliversa feeling ofextremepain causedby gout Takenfrom The Gout by James Gillray.
Published May 14th 1799., public domain)



1.2.1 Global Epidemiology ofcout

The prevalence of gout has increased dramatically worldwide over renest &nd varies greatly
depending on a number of genetic, environment and physiological f@@1drStudies have shown
that the PolynesiarM U o /Pa4cific) population has the highest prevalence worldwide, and that the
prevakence in the European populatisnincreasing32). Gout is an ageelated disese, commonly
affecting older people (> 45), and found to be more prevaleit men and women that have
undergone menopause. The prevalence peak is at an age rangé 8# &gith a male: female

prevalence ratio of approximatelyi 3:1 (33).

Previous studies have shown that approximate$f3d Europeanmen suffer from gout in
westernized countries and that in 2007 and 2008 8.3 million adults in the U.S ha@4386}.
Buckley (2011), reported that the prevalence of gout in Asian ethnicities in Gtas8.6/1,000 in

2002 and 5.3/1,00id 2004(32, 37, 38)It has been documented that the prevalence in modern Thai
and Chinese was historically low prior to 1958, but has recently increased from 0.46% to 0.83% in
men and 0 to 0.23% in womdB9). Moreover, other Asian populations from Vietham, Jammu,
Thailand and India have a prevalence ranging from 0.X119% with a significantly higher
prevalence amonché Aboriginalthan nonaboriginal population from Taiwan (9.1% and 0.3%
respectively)32, 4042).

The increasing prevalence has been largely attributed to changes in lifestyle, dienzortjdities

with the dfferential prevalence thought to be a result of different environmental and genetic
predisposition factors that different ethnic groups are exposed to. For example, the different gout
preval ence i n Asi BRunopegarpopulapossiis tfeghbopba due t charmes of
lifestyle, increased longevity and different diet composition between the two groups. Genetic
differences are also to be expected between ChinedeunopeanAs for Taiwanesé\boriginal and
Polynesian populations, increasing @ewnce is attributed to a genetic predisposition for high serum

urate concentrations.
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1.2.2 Gout Prevalence in New Zealand

INNZMUopdpul ati ons, the prevalence of gout is t
Europeans arrived in NZ. Thgrevalenceancreasing ishought to bedue to lifestyle components
brought to NZ by the Western peopiallowing their arrival, the percentage of N\ZU o (6.06%)

and Pacific people (7.63%) over 20 years oftagehavegoutis now high(43). People of Polynesian

decent also have the highest incidence of chronic gout, tophaceous disease and related joint

inflammation disordex(44).

1.2.3 Genetic differences between ethiticsub-groups in NZ

Information about Pacific migratory pattersscrucial fo genetic association studies of clinical gout

as multiple genetic variants from various genes involve in serum urate regulation and more
importantly, genetic variant frequency and distributibffier between differenpopulations This

means they have ddrences in biological basis as well a molecular processes underlyingrgeut.
colonization of South Pacific islandsiring migratory eventsy Western countriesot onlycaused a
bottleneckeffect on Pacific population but also established genetic €iftars between Western
Polynesiar(people from Tonga, Samoa, Niue, Tokelau) and EaBtelymesiar(people fromM U o, r i

Cook Island, Hawaii, Ne\@ealand)45).

1.2.4 Synthesis oUrate

Urate issynthesisedrom the catabolism afbose5-phosghate, fructose and nucleic acid.

1.2.4.1 Ribose5-phosphate

Ribose5-phosphatetransformed intghospheribosyl pyrophosphate (PRPRill then convert later
on intolnosine monophosphate (IMB)6). IMP commonly actas an intermediat@olecule in purine
biosynthesislt hasthe ability to transform intguarosine monophosphate (GMP) acdemosine
monophosphate (AMP)when necessary47). AMP and GMP nucleotidesare used for

deoxyribonucleic acid (DNA) andlbonucleic acid (RNA) synthesis.
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1.2.4.2 Nucleic Acids

The GMP nucleadle is transformed into guanosine. The guanosrtben degraded via 2 step
process.Firstly, the guanosine phosphorylasenzyme initiate production of free guanine by
phosphorylatinghe nucleosideThen the damination process where guanine deamimszgme
convers the free guanine to xanthin€€onversly, theAMP nucleotideconverts toadenosine by
nucleotidasenzyme. The adenosine then degraded @atepeaction Firstly, adenosine deaminase
enzyme bind on to adenosine to prodeitMP, IMP thenconverts to inosinenosineis degradédy
phosphorylation of nucleosidehich lead to theproduction ohypoxanthing48). Thehypoxanthine

is then transformetb xanthine andhenfinally to uratewhichis excreted irtheurine (49).

1.2.4.3 Fructose

Fructose is convegtito fructosel-phosphatdy fructokinase in the liver throughphosphorylation
reaction(50). Phosphorylation of fruose causea decreasef intracellular phosphate andenosine
triphosphate (ATP) leveland initiates inhibition of protein synthesisAMP is generated and
transformed to IMP. IMP then converts to uréd®). This means increasing AMP and IMP levels

stimulate catolic pathways which cause owgroduction of excess urate¥ic acid(51).

1.2.5 Loss of UricaseEnzyme in Evolution

Uricase is an enzyme that initiatexidative degradation ofirate to allantoin. Allantoin isan
extremely soluble chemical compound which is freely excreted in the (GB&heHumans and other
higher primates do not have uricase enzyth8) as it was lostlue to mutation during hominoid
evolution. Wu and cavorkers(54) showedhat there are three mutat&in the human, chimpanzees
and gorillds uricase gendhese mtationsinclude two nonsense mutations, one in codon 33 and the
other incodon 187 and another mutatiaas located in the splice a@ter signal exon 54, 55)

The dsence of uricase enzyme calisereasediratelevel in thehumanbody (55).
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1.2.6 Absenceof Uricase Advantages

Absence of uricaséoes howeve, have anadvantageus impact on humanscompared toother
primates thahaveuricase Positiveeffects derived fronincreasediratelevelsincludesantioxidang
effects helping to maintairblood pressure and a neuroprotectfanction (56). The antioxidant
property ofurateprovides protecton against free radical activity and also lseliecreasagespecific
cancerate(57, 58) A role for urate inneuroprotectiors through protectiorirom different disease

such as multiple sclerosis and demem@udingAl z hei mer ' s di seas@6land Par

1.2.7 Maintenance of Urate Levels

Most ofuric acidexcretion occurs at the kidnéyence, the kidneys playkey role in the regulation
of serum urate levels in the bo(B9). Renalunderexcretion ofuric acidwill lead to hyperuricaemia
(60). Approximately 90% of hyperuricaemimaccounted for byenal under excretion and ~10%
accounted for oveproductionof urate(61). The kidney filtes uric acidthrough theglomerulus into
a tubulesystem whichincludesthe proximal tubule, loop of Henle and distal tubule.isTtubule
system will reabsorthe uric acidor passt to the collecting ducts for excretion in the urikég(re
1:2.2). Typically, in human ~90% of uric acid that pass to the kidneyadbserbed while 5% to 10%

is excreted62).
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Figure 1.22 Anatomy of the kidney, showing the structure of a nephron, made up of the glomerulus

(the filter) and a series fotubules(tubule system)

1.2.8 Urate Transporters

The kidneyapical membrane containsnumbers of transportgfSigurel1:2.3)ncludingsolute carer
family 5 member 12 (SLC5A12)sodiumanion transporters, solute carrier family 5 member 8
(SLC5A8) and slute carrier family 22 member 12 (SLC22A1Yhich is also called theurate

transporter 1 (URAT1)Theirfundamental role is to provide anions for URAT Iremsport uric acid
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Transporters involved iaric acid reabsorption includlee aganic anion trangorter 4 (OAT4)which

is anorganic aniordicarboxylate exchangeandthe short isoform ofolute carriefamily 2 member

9 (SLC2A9v2).Transporters responsible foric acidsecretion into the lumen are tA@P-binding
cassette sutamily G member 2 (ABG2), sodium phosphate transporter 1 (NPT1) and multi drug
resistance protein 1 (MRP4ghida and colleagud63) showedhat ABCGZ2is involved inuric acid
excretion in the kidney?DZ domaincontaining 1 (PDZK1)s a protein that autrols and regulates
mosturic acidtransporters fou in the kidney apical membran®theruric acidtransportes also
located athebasolateral sidareorganic anion transporter 1 (OAT1) and organic anion transporter 3
(OAT3). The long isoform of@ute carrier family 2 member 9 (SLC2A9wvhichis also called the

glucose transporter 9 (GLUT 9) htee ability to removaeiric acidfrom the cell(64).
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Figure 1.2 3 Uric acid transport in the proximal renal tubule of th&idney byurate transporters

Taken from Merriman (2015)65).
1.2.9 Gout Stages

The dage of goutaredivided into four categories which arm@symptomatic hyperigaemia, acute
gout, intercritical gout and chronic tophaceous ¢66}.
1.2.9.1 Asymptomatic Hyperuricaemia

This stage of gout islinically categorisedby a high serum uratlevels(hyperuricaemia effect)
howeverthe patient will not report any symptomdyperuricaemia effeds the major risk factor for

gout and is defined as serum urate>0.42 mmol/L (67). However, not all individuals with
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hyperuricaemia have go(88). Hyperuricaemia a resuttom renalunderexcretion oluric acid, over
production of excess urate or even b@8). Hyperuricaemia willead to the deposition ofeedle

shapéd monosodium urate crystals1SU) around the affected tissues.

Overproductiorof urate carbe eitherexogenoushigh intake of purine, seafood, fructose, alcohol
containing food) or endogenougadrease in purine nucleotide breakdown aa jratientdiagrosed
with leukaemiaand patient havingcytotoxic therapy (70-72). Underexcretion of renal acidsithe
most common cause of gout which is predominately caused bypplagrmentn kidney transporters.
Such defectsncludesdecreasedevel of glomerular filtration andincreasedubular reabsorption
There arecurrently drugs thatare able to increaséhe level of uric acid in the bodysuch as
cyclosporineand diuretics (73). Thereare alsodrugs that decreasgic acid in the body such as

salicylatesanduricosuric(74).

1.2.9.1.1 Complication of Hyperuricaemia

Previous studielBave showtyperuricaemi#o be acause ofjout Hyperuricaemias associated with
obesity, renal dysfunction, hypertension, hyperlipidaemia and endothelial dysfufsi@i). A
study by Fanget al (2000)(78) shows that hyperuricaemimsevidence of independent association
with cardiovascular mortalityElevated leved of serum urate are often common in individuals with

metabolic syndromes (M$79).

1.2.9.2 Acute Gout

Acute goutis characterised biSU crystals fornmg in the joins, which lead @ the activation of
inflammationcausingsymptoms such as severe pain, immobility, redness, tenderness and warmth at
affected are466). The attacks mostly occur #te first metatarsophalangeal joiahd often occur
during night timeHowever, attacks can occatother sitef the bodyincluding knees tarsaland

sub tarsajoints, ankleswrists and small joints of the han(80). Attacks of acute goudre often
initiated bystress, trauma, excess alcohot purine contain foodonsumption, infectionsurgery,

dehydratia, dietanduse of diuretic§27, 81)
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1.2.9.3 Intercritical Gout
This stage is characterised by the interval between ait@6kdn this stage thkevel ofurate can be
very low, however t canstill cause reattacks of gout. The affected joints appeared to be normal but

over time the attacks and symptorapeatedlyoccur and can affect other join&2).

1.2.10Gout Risk Factors

Gout pathogenesis hasnamber 6 risk factas. Common risk factors includgex, age, ethnicity,

medications, dieand alcohol consumption

1.2.10.1Sex

Serum urate levelin males rise at puberty73). Occurrence of gous very rare in young women
This is thought to béecause of the presence of oestroghlith has airicosuric effectOestrogen
also has the ability to decrease absorption of rarialacid by reducingthe expression of urate
transportershatfacilitateduric acid reabsorptio(83-85). However the prevalencef goutincreass

in womenafter menopause due decreased oestrogen levels amecteasd leve of uric acid(86).
Common primary symptoms of gout calsodevelop in postmerpausal women that take diuretic
drugs(87). Mikuls et al (2005) showedhatthe distributions of gout between elderly patients for both

sexeds equivalent88).

1.2.10.2Age

Ageing is a crucial delopmentrisk factor for gout in both sexe$his riskmaybedue to increasing

serum urate levaedue torenal function impairmenthe increased use of diuretics avaturrence of

various camorbiditiesassociated with clinical gog86). The prevalence of gout cases ofajes in

Aotearoa New Zealand Health Tracker (ANZHT) p@tioin was 2.69%Prevalence of gout is higher

in Pacific andVl U oalder men and womerboutonequarter of Pacific menandoteh i r d of MUor i

menaged 65 and overe affected with gout. Fo U o and Pacific women, about 12% and 25% of

those age 65 andover have gouf43).
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1.2.10.3Ethnicity

MU o and Pacific people of New Zealand, Pacific people from Western, Eastern Polynesian and
Taiwanese aboriginege the most commagthnicitiesdiagnosd with gout and hyperuricagen(43,
89). Garciaet al (1997) showedthat theTaiwanese aboriginegenetic basis for familial gowtas
associateavith elevated serum urate level (hyperuricaemia) and(@O)tThe variation of renalric
acidtransporters gesen M U o and Pacific people in New Zealahds been shown tmuse under

excretion of renal acigrhich lead to gout developmer{®1).

1.2.10.4PurinesConsumption

Foods that are rich in purinean increasserum urate level which is whiiey are associated with

gout risk(70). Another study by Choi and colleagues showed that purines contained in red meat and
seafood increadbe risk of developingout while purinedoundin vegetables do not have eviden

of association with gout risf27).

1.2.10.5Fructose Consumption

Many studieshave illustrated thathigh fructose intake is associated with both gout and
hyperuricaemia, as well agher cemorbidities such as insuliresistance, obesity, type 2 diabetes
and metabolic syndrom@&1, 9296). A study by Choket al(2008)(71) showed that risk of goutas

a significant association with increased consumption of oot adructose, sugar swamned drinks,
fructosecontaining n fruits (orange, apple) and fruit juicesnother study by Choi (2010) concludes
that risk of gouts raised up to 74% in women theveone ®rving of sugasweetened soda paay,
compared to women whuaveless than one servimgermonth(97). They alsashowed thatliet soft

drinks do nohaveany evidence of association with elevated level of gout risk.

1.2.10.6Alcohol Consumption

Choi and colleagues (2004) showed eviden@magsociation between beer/liguegecially purine
rich beverageith increased development risk of gout and hyperuricaéiaHoweve, no study
hasshown any association of wine with increasistt of gout and hyperuricaem{@1, 98) The

biology underlyingthe gout and alcohol association is the fact that fieéch in guanosing81).



Alcohol intakeis also associatedith increased lactate generation and triggeriretdacidosig99).
The keto acid will not only compete with uric acid for secretion but also trigger proximal tubular uric

acid absorption by activating transporter URAT1 whietsan organic anion exchange functi@i®).

1.2.10.70besity

Elevated serum urate levedse as®ciated with obesityand is thought to be due the obesity
association with insulimesistance and therefor/0) high levels of insulin inthe blood
(hyperinsulinemia effect)This causesincreased renal tubuleabsorption of uric acid100). In
addition, weight gain over timghowsevidence of association with hyperuricaeifdi@1)andlosing

weight decreased development risk for gout and hyperuricd&62a

1.2.10.8Medication

A numbers of drugs haveeen shown to have association with gout sudmsdiuretics, lowdose
aspirin andmedicationused for organ transplantati¢h03). Low doses (22g/day) of aspirirhave
shown to cause egeduction of uric acid excretion while at high dose (>3g/daiip#ia uricosuric
effect. This indicates that aspifiras ébimodal effect on serum urate levél94) Moreover, usef

diuretics and low dose aspirin simultaneously was#sreffect on serum urate levegE05)

1.2.10.9Kidney and other Organ Transplants

A study shows that 13% of transplant recipients develop gout and around 50% of recipients have
hyperuricaemia(106). Kidney transplantreceival initiates reduction ofuric acid secretionand
decreaseglomerular filtration rateMoreover, drugs often prescribed for transplant recipients such
as diuretics, some arantimicrobias andmmunosuppressadtugs (.e.cyclosporing exacerbate the

effed on elevated serum urate level and consequently have a high association with gout and

hyperuricaemig107, 108)

1.2.11MSU Crystal and Inflammation

The MSU crystal was first identified in the "18entury as a major cause of gohmbweverthe

molecular mechanism of MSU initiated gout was not knowr wediently. The depositioaf MSU
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crystals occurs in joints and soft tissues such as cartilage amasfiissues where it can avoid contact
with inflammatory and immune related mediat(ir89)

According to Fabieet al (2006)(110)a MS related crystal called calcium pyrophosphate dehydrate
(CPPD) crystals or pseudogout also has the ability to initiate gout inflammatimm MSU crystals

shed frontheir restricted sites into joint bursaeghbecome a highly phlogistic compound, and may
become a danger signal to the body. This signal leads to macrophage and monocytes being recruited
to the site, and activating thiéLRP3 inflammasomeHgurel:2.4 in the innate immune response
(111) This results in caspade activation, which is important in processing and secretion of
interleukin (IL}1B. IL-1B not only initiates the production of inflammatory mediators, including
tumor necrosis factor (TNF) a n-8, but hlso activates pioflammation cytokines. These
cytokines and mediators stimulate infiltration of neutrophils into the inflamed jointdisciohrge
inflammatory initiator compounds such as proteolytic enzymes, oxygen radicals, arachidonic
metabolites and cytoking$12, 113) Previous studies have shown that cytokines such asdorNF | L
1B, IL6 and L18, are significantly associated with joint disease aetiology. These cytokines, IL18 in
particular, can attract neutrophils and macrophageaffected joints and induce variougpro-

inflammatory effect§114)

IL-1B is a key regulatasf the pro-inflammatory response in goltingsburyet al(2011) (111), used

a murine gout model with deficientdL receptors and a wildtype mouse treated with ibhibitors

to showthat the injection of MSU crystals into joints significantly induced inflammations Thi
demonstratedhat the inflammasomd-{gurel:2.4 has a crucial role as a connection between well
known gout stimulus (MSU crystal) and pathological hallmarks of agoteg attack (neutrophil

influx).
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Figure 1.24 NALP3 inflammasome complex during gout inflammation

MSU/CPPD crystals are recognizable by the pattern recognition receptors of the innate immune response,

which involve Toll Like Receptors (TLR&hd are phagocytosed by monocyte and macrophages. MSU

crystals intracellularly are recognized by the NLRP3 inflammasome, which contretdigetherization

andresulsin oligomerization of NLRP3 and cleavage/activa of procaspasé to caspase. Cathepsin

B, ROS, and K+ efflux initiated by assembly of A RIso implied tobe invovled in the activation and

oligomerization of NLRP3 after MSU internalization. Caspaseactive prol:1 b, tr ansc-ri bed in a
9 fdlependent behavior subsequéritR stimulationto made activated HL b , which is secreted
extracellular joint fluid. Then the HL b act i-lvedemoss oh kendothelial cells and local

macrophages within the joint, resulting in signal transductiod gene activation result in to the secretion

of proinflammatory cytokiree and chemokines. These in tustimulate leukocytes into the joint

strengthening the inflammatory cascade. Taken from: Kingstad/ (2011)111).
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1.3 Gout Complications

Many studies demonstrate significant association of gout with other illredadiimg cardiovascular
diseasg kidney disease, hypertension, Type 2 Diabetes and metabolic syndibhsel19).
According to a study conducted in gout patienta WK cohort,gout patientsalsohave significant
association with comorbidities such asanary artery disease, hypertension and dialfgges 121)

These additionatomplicatiors makes gout difficult to manage and treat effectively

1.4 Gout Treatment

Clinical gout symptoms have significant effect oa tjuality of lifeof the patientTherefore, effective
treatmentincluding chages in lifestyle and medicatiomustbe employedto reduce symptoms of

acute gout and avoid risk development of chronic gout and bone deformation.

1.4.1 Lifestyle Treatment

Dietary changes recommended for gout management ineude calorie diet with less red meat,
less carbohydrates and avoid foods that contain large amount of frigctgaesweetened drinkand
alcohol beveragare also to be avoidetihesechanges have hadgnificant effect on gout and other
diseasethat are associated with it such as diabetes and hypert¢ha@rEating low fat dairyffoods

is shown to significantly decreaseserum urate concentration and wisk of gout (27, 98)
Moreover, previous studies showed that consumption of somg, fraijetables and coffee also have
significant association with lowering serum urate concentratioraa@®etrease risk of gout(122)
Consumption of cherries as well as cherry products can reduce gout symptgonsvémting
activation ofthe inflammatory pathway. Cherries inhibit inflammation tgcreasing @eactive
protein anditric oxide (NO)cortainedin the blood(123). Choi and colleague@7) revealedthat
consumption of food rich in proteins, minerals and vitamins such as nuts and legumes have a huge

benefit of lowering risk of gout.



1.4.2 Medication Treatment

First line of medication often used to treat clinical ggutstoms are nosteroidal antinflammatory

drugs (NSAIDS)2). NSAIDS reduceyout attacks and symptoms such as swelling, redness, pain and
feverby preventing prostaglandin synthesis that inisailammation(124, 125)On the other hand,
corticosteroidsre used for acute gomeatmenin patients that cannot take oral drugs and césds
haverenalimpairment orgastrointestinal bleedin(.26). Corticoid steroidgeducegout symptoms

by disruptingregulation of cytokines action immune response which therefaniibit inflammation

(127, 128) Colchicinedrugshave been used for more than 2000 years for gout treatment as they
prevent cell groth through binding to tubulin dimét&9) Interference of alchicinewith tubulin
dimers inhibit microtubules polymerization and deregulated membrane dependent mechanism
including chemotaxis and phagocytosis proes$$30). Evidencesuggestghat mlchicineat high
concentratioasuppresssurate crystal stimulation of the NP8 inflammasomég131) Chronic gout
treatment often aisto reduce serum urate concentration to < 0.36 mmol/L, prevent frequency and
reoccurrence of gout attackyg eliminating existing MSLEtrystak andpreventingprodudion of new
crystab (132) Uratelowering treatment cabeused to treat both renal acid undscretion as well

as its oveproduction.Commorny alopurinol medicationis used to lower @te productiorwhich
prevensgout by blocking the conversion of hypoxanthine compdandate As a reslt, serum urate

level decreases the blood and urinevhile the excretion of uric acid precursdngpoxanthine and
xanthingis increasd (133). Another common urati®wering drugused for gout prevention is called
Febuxostatlt prevens gout by inhibiting the oxidized and the reduced form ofxtethine oxicise
enzyme(134) Other medication includingrobenecid, sulfinpyrazone and benzbromarmnmised

to prevent gout by increasing uric acid excretiénobenecidinhibits thereabsorption function of
proximalrenaltubular while benzbromarone inhibits the reabsorption action of SLC2A9 and disrupt

URAT1 regulation(134,135)
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1.5 Rheumatic Heart Fever

Rheumatic heart fevéRHF) is a significant burden of disease both in New Zealand and around the
world. Its specific mechanism of pathogenesis is not quiiscovered. RHF is a systemic auto
inflammatory disease that dewgbs as a result of an unusual immune response to grobp A
haemolytic streptococci (GABHS) infection. Majomanifestations often develop WBeeks post
infection. The infection initially occurs in the upper respiratory tract where the streptococcus infects
the throat, and resut a sore throaf4). The bacteria then enter the bloodstream and relocate to th
heart causingkey manifestations such as cardiac valve sten@ds36-138) The bacteria can also
promote arthritis in joints and inflammation of other orgér80) RHF inflammation can affeahe

heart, joints, skin and braisymptomsinclude fever, multiple painful joints, involuntary muscle
movements, and mrenon itchypink rashcommonly knowras erythema marginaturRermanent

valve damages wihowas rheumaticdartdisease. The damadyealve will manifestasheat failure

and increase the risK atrial fibrillation and valve infections.

RHF incidence and prevalenbassteadily declined in developaduntriessince the early 1900s.
However, it remains &ading cause of morbidity and mortality among young individual$ (8

years) in developing countri¢s). Studies hve shown that the disease still has high incidence rates
in some developed countries, such as New Zealand and Australia, due to large indigenous populations
(MU o, Pdcific Island, Aborigineg)L38) This suggests that genetic dachilial components of RHF

are not the only factors underlying sysiiiaility, but that environmental factors suchpa®r housing
conditions, crowding, and poor health knowledge also involved. These environmental factors
explain why lowsocioeconomic communitiesnd developing nations such as Polynesian/Pacific

IslandandM U o hrave the highesimcidence and prevalence on RHian developed natior{$40).

1.5.1 Global Epidemiology of RHF

The frequency of RHEs estimated by annual incidence and prevalence of cases. However, some

countries findt difficult to obtainthis data due to limited financial resources available to conduct an



epidemiology study. Most studies in RHF frequency are conducted using school children, hospital
admission and discharge diagnoses.

There have been a numbdrepidemiological studies in RHEonducted over the past decades on
developing and developed countries. An overview of these studies illustrates that the prevalence in
developing countries is increasing dramatically, while the prevalence in developed casntries
decreasing. It was estimated in the ed®90s in developed countries RHtEquency was 0.26%

while the present proportion is 0.03%1). However, its incidence is still estimated to be over 15
million cases worldwide with ~282,000 new cases and about 233,006 éeath yea(5). RHF
frequency worldwide is common amond 30 years old. Moreover, ~2540% of cardiac cases
admitted tahe hospital are because of RHB2-144)

According to the WHO (World Health Organisation) report (20¢415), RHF mortality rate is
greatly varying from 0.5 per 100,000 in Denmark, to 8.2 per 100,000 in Cl{ég The disability
adjusted life years (DALYj from RHF is also varied from 27.4 per 100,000 population of Region of
Americas to 173.4 per 100,000 population in South East(Adia.

Studies inschool childrenshowedthat the Western Pacific has the highest prevalefideHF
especiallyin Samoa (77.8 per 1000 population). The Cook Islands (18.6 per 1000 pmpuylatid

NZ M U o population (6.5 per 1000 population) also show an increase prevalence compared to NZ
non-M U o(P.9 per 1000 population). The Region of Americas had the lowest prevalence, especially
Cuba (Havana) with 0-2.9 per 1000 populatiorThis slows that theincidence, prevalence and
mortality rateof RHFvaries widely between ethnicity, countries and even betweegrsups in the

same countries (685).

A study by Seckeleet al (2011) (5) reported the result of 164 reviewed articles, 79 of which were
reviews from hospital admissions or discharges and 8 were from poptiased screening of

national halth registries prospective disease surveillance ofeaRheumatic fever (ARF) and RHF.

11s the measurement of overall disease burden and it is expr@ssee number of years lost due to poor
health, disability or premature death. It was developed as a way of linking the overall health and life
expectancy of different countries.
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They demonstrated that RHFequency (per 1000 people) varied between regions and between

differenttimesperiods Figure 1:5.1 and Figure 1:5.2

™

Figure 1.5.1 Map presenting global prevalence of RHFrom 1991 to present. (1) Fiji (2) Samoa (3)

Tonga.

Its appear that most athe Western Pacific countries haat least 4/1000 persongith RHF. Takenfrom
Seckeler et alZ005).
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Figure 1.5:2 Trends ofRHF prevalence per 1000 persofrem 1970 to 2008n different regions.

(A) The Americas(B) Europe (C) Africa (D) Eastern Mediterranean (EWestern Pacific, andF)
Southeas Asia. Square dotshowprevalencdrequency highlightfrom the literaturereview. Its appear
that RHF trend of all region is increasing except for Europe, where it appears to be declining. Taken
from Seckeleret al(2005)

1.5.2 NewZealand Epidemiology of RHF

According to the New Zealand (NZ) Guidelines for Rheumatic fever (2048), the rate of RHn

NZ in 2003 was 3.8/100,000; which was much larger than the rate of other Western ceuntries
Australia,Canada, Japamorway, Switzerlandand theUnited States In 2003, approximately 141
newcasesvere reported. Most of these casese in the age grouf0 to 14 (n=82) and age group 5
to 9 (n=27). These 141 new cases included 70 casesMrdro and 58 cases amongdifi Island
individuals, and were geographically located in lower socioeconomic areas iorthddfand (Figure

1.5:3 including parts of Auckland, Waikato, Northland, Bay of Plenty, Rotorua, Gisbidraew k e 6 s
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Bay and Porirua.This areas are reported toave ahigh proportion ofpeople of MU o r i

/Pacific/Polynesian descefit49)
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Figure 1.5:3 NZ map illustratingthe geographic distribution oRHF prevalence per 100,000 in 2003.

Taken from New Zealand Guidelireefor Rheumatic Fever (2009
1.5.3 Signs and Symptoms

Common symptoms of RHF often appear fiwar weeks after tloat infectionandinclude fever,
multiple joints pain,and involuntary muscle movements. Rarely symptoms incledgthema

marginatum also aris@37). Severe RHF cases often have permanent dawfathe heart véves,




especiallythe mitral valves. This valve damages mostly occurs after multiple attacks of HRidiR

valve damage increases the risk of developitigal fibrillation and valves infectio(®).

1.5.4 Pathophysiology of RHF

Group A betehemolytic streptococcal (GABHS) is a species classhigthe Lancefield method of
grouping haemolytidacteria, viich is based on the carbohydrate arrangement of argigenheir

cell wall. Hence, Streptococcus species that are Group A are called Streptococcus pildganes
S.pyogenesfect the upper respiratory tract and are known to be involved in the immune response
that leads to RHF. This is achieved via an antigen molecular mimicry mechanism and cross reactivity
mechanism(type Il hypersensitivitybetween the host and bacteria. This occurs when the host and
theS.pyogeneshare the same peptide epitope, which initatesut oi mmune response of
local immune response against its own tissue. Cross réaaiantibodies and/or T celstimulate
recognition between th®.pyrogenepeptides and the host proteimich leadsto inflammation and
autoimmunity (151-153). Patients at this stage mayvep symptoms suchsacarditis,fever,
polyarthritis aml other rare symptoms includingubcutaneous noduleshorea and erythema
marginatum(154)

During RHF,S.pyrogeneselocate from the upper respiratory tract and develop colonies on the heart
valve tissue and activate the autoimmune mechanism. Valvular endothelivmeliskaown site of
lymphocyteinduced damage. CD4+ T cells are kieg effectors of heart tissue autoimmune reactions

in RHF (155, 156) During RHF, the expression oascular cell adhesion protein(({CAM-1), a
protein thatis upregulated by seHntigenspecific antibodies, helps lymphocytes increase their
adhesion. This suggests that VCAMalso contributes tthe inflammation and valvular scarring
associated with RHEL57) Normally, the seHreactive B cells remain silent in the periphery that
means that T cell do not stimulate it. However, in RHF ¢aseigenpresenting cedl such as Rells
presenthe S.pyrogenegantigen to CD4T cells that eventualldifferentiate to T helper cek (i.e.

Th17) T, helper cel stimulate Bcell activation whichwill go on and activated the production and

secretion ofantibodiesto attackS.pyrogenegell walls Theseantibodies stimulate complement
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mechanism and actite effectocells such as macrophages, natural killer cells, neutrophilatthak
S.pyrogenesell walls. Thiseffector cells and complementay have ao attack myocardium and

joints, resulting in th&RHF symptomg156).

S.pyrogenedas a cell wall thatontainspolymers and M protein thaire highly antigenic.The M
protein ofS.pyrogenesrossreacs with the cardiac myofiber priwin myosin heart muscle glycogen
and smooth muscle cslbf arteriesThiscross reaction induseytokinerelease and tissue destruction
(158) The inflammation mechanism occurshrough direct attachment of cplament and Fc
receptormediatorsrecruitment ofneutrophils and macrophageéseutrophils and macrophage are
effector cells that attack body tissues &ilyrogenesell wall that caused initiation of inflammation.
The inflammation formé&schoffbodies thatontainswollen eosiophilic collagen)ymphocytes and

macrophagewhich can be seen undeght microscopy(159).

Guilhermeet al (2012) (160) suggestedhat the humanbody hasa natural protection against the
S.pyrogenesia geneticallycontrolled adaptive and innat@mune systenmechanismsThe innate
immunesystemdevelos the first line of defence again&.pyrogenesvhile initiating theadaptive
responseThis is dondoy processing angresentinghe antigen to th& cell, and through secretion

of several cytokinesnitiating complement activatigii59). They suggest thagenetic variants within

genes that encode for effector moleculektheinnate and adaptivienmunesystens may contribute

to thepathogersis of RHF. Such genes inclutbdl like receptor 2, tumor growth factbeta and
IL23R. Most genetic studies of RHF illustrate that the major genetic predisposition factor associated
with RHF susceptibility is a component of MHC class Il molecules that are found on lymphocytes
and on antigeipresenting cells. In particulahe DR and DQ alleles on chromosomédye been
associated with RHF susceptibil{¥61) A number of studies have shown that the human leukocyte
antigen (HLA) locus is the majordas that caussusceptibility to RHF162). RHF susceptibility is
dependent on certain and varied combinations of DR alleles which are associated with ardincrease

susceptibilityto valvular lesions. The susceptibility of RHis due to the mechanism of HLA
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molecules in presenting of antigen to T cell receptors which leads to activation of the immune

respons€161)

Besides DQ, some other loci have been associated with RHF. Starehat{2003)(163)found the
cytokine TNFa locus on human chromsome 6 to be associated with Rkdth a high expression
level of TNFa enhancing valvular tissue inflammatid@chafransket al (2008)(164)illustrate that
mannosebinding lectin (MBL) gene variantsg, inflammatory protein involved in pathogeletection

is also associated with RH&ften leadingo mitral valve stenosis.

1.5.5 Diagnosis

Diagnosis of RHKs determined usinthe modified Jones criteria documented in 1944 by T. Duckett
Jones, MD and revised by tAenerican Heart Associatio(lL54, 165) The Jones criteridiagnose
RHF when two majorcriteria or one major criteria arteho minor criteria present together with
streptococcal infection. Streptococcal infecti®detecied by increasingntistreptolysin O titréevel
2(166). Kumar and Tandon (2013yuggestthat the Jones' criteriarevised byAmerican Heart
Association in 1992s inadequat¢o diagnosis RHEue toechocardiogrphic and Doppler (E&D)

studieswhich detectsubclinical carditis irtases with acute rheumatic fey&67)

1.5.5.1 Major Criteria
There are5 major criteria which are polyarthritissubcutaneous nodulesarditis, erythema
marginatum and Sydenhamdés chorea.
9 Polyarthritis i Is the nflammationof large joints,it often begins in the legs then spread
upwards and to other body parts
9 Carditisi Inflammation of the myaardiumwhichis capable of developing congestive heart

failure. This causedack of breath, heart valves murmur angericarditis rub.

2 Antibodyused to targesigainst streptolysin O, an immunogenic, oxytghile hemolytic toxinmadeby
strains of group A anthoststrainsfrom groups C and G streptococtlsed for RHF diagnosis.
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Subcutaneous nodulds Collagen fibres accumulatérmly over and aroundones or
tendons. These nodules often ocawtsidetheelbow,on theback of the wrist and the front
of the knee

Erythema marginatumA permanent pink rash that starts on the chest or aramasula,
which thenspread outward Therashform aclearappearancen the middlethat looks like
a ring. It will continue to spreadutwardandmergewith other ringswhich ultimatelyform

a snakelike structure This rash typicallydoesnot occur onthe face andts effectis
exacerbatein hotconditiors.

Sydenham's choreais a condition categorised by rapid, clumsy jerking movemiais
mainly affectthe face arms hands and feefhis symptomis normally latent, ibccuing

very late in the diseagendat least three monttadterinfection.

1.5.5.2 Minor Criteria

There are 6 minor criteria for RHF diagnosis.

|l
il

Feveri RHF cases have38.2 38.9 °C (100.8102.0 °F)temperature

Arthralgia 1 Characterise by pain at joints without swelling

Elevated level of erythrocyte sedimentation rate or Ctrea@rotein

Leucocytosi$ white blood count exceedy its normal range

ECG (electrocardiography) RHF cases will show features of heart blocks and prolonged
PR interval.

Have peviousseriesof RHF or any inactive heart disease.

1.5.6 Prevention

Prevention of reappearancef RHF is accomplished by eliminating the acute infection and

prophylaxisusingantibiotics. The American Heart Associatimommendshatdentalhealthhas to

be maintained, and that people with medidastory of bacterial endocarditis, heart transplant,

artificial heart valves, aanykind of congenital heart de€tsmust require to takieng-term antibiotic

prophylaxis(154, 168)



1.5.7 Treatment

Treatment of RHF foces on the management and redoct of inflammation using anti
inflammatory medicationdncluding aspirin andcorticosteroids Antibiotics are also used to treat
those whdavepositiveculturesfor throat streptococcuSalicylatemedicationare also often used
manage inflammatiorf’he common useshlicylate medication igspirin whichis given at high dose
(100 mg/kg/day. However, aspirithasa number okide effects (mainly in children and teenagers)
such as gastritisalicylate poisoningndReye's syndromeTherefore, alternate medication must
be consideed when usingaspirin or any aspirin containing produ8uch alternative treatment
includeibuprofen to suppress the pain and discoméort! corticosteroidssed to stop any moderate
or severanflammatory reaction cause¢ RHF (169-171). Steroid therapys also used to minimise
tissue scarring and avoid development of other RHF symptoms such as mitral valve stenosis.
cases having one attack of RHF, monthly injection (sometighda®s interval) of penicillifor 5
years is prescribed for prevention of further RHF symptoms. However, if the gadesigns of
carditis,penicillin injection treatmenis performed for over 40 yearRecurrence oRHF is treated

using lowdose of atibiotics such apenicillin, sulfadiazine, or erythromyc{d71, 172)

1.5.7.1 Vaccine

Vaccinetreatments not available currently for prevention agaiSgpyogeneimfection Development
of a vaccine is difficultue tothe number o8.pyogenestrairs abundant in the environment. Clinical
trials and financial limitations also limit vaccine developm@iB, 174)

1.5.7.2 Infection

Patiens that are positive for cultures &.pyogeneare treated with penidith except for those who
allergicto penicillin. The nost commoly used penicillin that was suggested by@hdord Handbook
of Clinical Medicinefor RHF treatment ishenzathine benzylpenicilli(l175)

1.5.7.3 Inflammation

Corticosteroidareoften used for inflammation treatmenhile salicylatesareused to stop the pain

(4).
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1.5.7.4 Heart Failure

Heart failureresultingfrom RHF(such & carditis and congestive heart failuaee treated wittACE

inhibitors, diuretics, beta blockers, and digofii6, 177)
1.6 Interleukin-23 Receptor Complex

The IL23R geneis located at chromosome 1p3dnd codes fo the interleukin 23 eceptor. This
receptor is located on the cell membrarfieells that are involved in the immune systesuch as
natural killer (NK) cells, monocytes, dendritic and T celleese cellprovide defencenechanisms
against infection andisease from foreign microb€k78). The interleukin 23 receptor hassubunit
interleukin 23 (IL23)which forms a protehprotein interaction together withe receptqractingas

a lock and key combination whehe immune system is activateBigure 1:6.) (179). Previous
studieshaveshownthat IL23 is a member of the IL12 famiss it is formed by the combination of
the 1L-12 p40/p19 subunitand is mostlysynthesised Y activatedmacrophage and dendritic cells.
IL23 is a preinflammatory cytokine that triggers and regulates chemsigihals, promoting
inflammation by inducing secretion of4Land TNF from stimulated dendritiells and macrophage

(112, 180, 181)

IL-1 and TNF activate the innate immune system and iniietelritic cels to release 1E12 (112,

182) Additionally, IL23 also performs a role in the secretion eflilLfrom Th17cells, which leads

to the secretion of varioustherenhancer inflammation factgrsuch as L6 and TNFU(183). The
protein interaction of IL23RL23 initiates and guides the inflammation by inducérigcal response

of the immune system; activaf the natural killer (NK) cellinitiating the T-cell mediated
inflammatory responsestimulating the production of antibodies and promoting the assembly of
inflammatorymediators, such as IL1, IL6, afi®NF-U(184, 185)Hence any genetic variargsesent

in IL23R can be predicted to contribute to immune/autoimmune related diseasemstitemmon
autoimmune related diseasshown to have the IL23R pathwggnetically contributing to risk are

Crohns diseaseheumatoid arthritisankyloshg spondylitis, and psiatic arthrtis (186-190)
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Figure 1.6:1 IL23-IL23R Pathway

IL-23 (p40 and p19 subunits) binds with the2BR complex (IL’LZRE' 1 and IL-23R subunits), which is
as®ociated with Jak family members including Tyk2 and Jak23/lbinding to IL23R activates Jak2
mediated phosphorylation of tyrosine residues situated at the intracellular domain of2B& Ikubunit.
Phosphorylated tyrosine residues act as a landing ®te STAT3 molecules, which in turare

phosphorylated. PhospH®TAT3 proteins homodimerize and move into the nucleus which stimulates

transcription of cytokines, such as-1l7A, IL-17F, I1L-22 and IFNY, TNFa. Adapted from Cesare et al
(2009)(191).

1.6.1 IL-23R genetic variants

Few studies have documented the assodiatigarticular Il-23R variants and go(t12), andthere
are currenthno studieghathaveshown evidence of IL23R variants association with RHfowever,

many studies havbeenpublisheddocumentingassociation 0lL23R variants withvariousauto

inflammatory/autedammune related disorderss u ¢ h as Crohnos di sease,
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ankylosing spondylitis, psoriasis arthritis anflammatory bowel diseag®efer toTable1.6:1for

summary ocommonIL23R variantsassociatiorwith auo-inflammatory/autoimmune diseg)s

1.6.1.1 SNPs of Interest

1.6.1.1.1 RS11465804

Burtonand ceworkers(192) showed that rs114658@4 synonymous SNHF} one of segral IL23R

gene variantthat aresignificantly associated with ankylosing spondyl#s) in aEuropearsample

setof over 1,000 patient®©dd Ratios = 0.68,-Ralue = 0.0002)Themajorallele(T) appeared to be
thesusceptiblallelefor AS. Duerret d (2006)(193)revealed that rs11465804 is one of many IL23R
SNPs that showedhinoralleleG havingaprotectivea s soci at i on wi t h-Je@isho hn 6 s

and Jewislsamples set®OR <1, P-value < 0.05)

The Duerr study also showed that rs11465804 linked with rs112066@fr an association on

Cr ohno6s Adctudy byaEnarsdottirand colleagueg194) showed rs114658040 have a
susceptike (minor allele G) association with IBncluding Ucerative Colitis (UC)and @ o hn 6 s
Disease (D)) (P-value = 0.009, OR = 1.38) the Swedish populatianThe studyalsorevealedhat

SNP rs1146580haplotype with other IL23R SNB (i.e. rs11209026, r€#189629 ands20184)
which showed significant association with celiac diseasealBe = 0.00006) and psoriasis\{&ue

= 0.03) inthe Finnish population.

1.6.1.1.2 RS11209026

RS11209026 is aodingnonsynonymous SNRc.1142G>A, p.Arg381GInwith aminor allele(A)
showed by many studige haveprotective association withhostauteinflammatory/autémmune
relateddiseaseDuerret al (2006)(178)reveal thathers11209026najorallele(G), appeared to have
a strongsugeptibleassociation witHBD including CD and UC development in Jewish and non
Jewishpatients(P-value < 0.05xcept for UC in Jewish populatigR-value > 0.05)This indicats

thattheminor allele(A) hasa protective effecagainst IBD, CD in JewignonJewish and UC ithe
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nonJewish populationThe association of rs11209026 with UC in Jewish population was not
significant (P-value =4 . 91 1 A sy dy)Weersma and colleagud®5) also showed a
protedive effect ofthers11209026 minor allel@) with IBD, CD and Udn 518 Dutchcasecontrol
patientyIBD OR =0.19,CI =0.10-0.37, Rvalue= 6.6E-09; CD OR=0.14, CI=0.060.37, Pvalue
=3.9E07and UCOR=0.33, CI=0.150.73, Rvalue= 1.4E03). They also showed that rs11209026
hasno significant association evidence with celiac diseBsewn (2008 (196) shows thatthe
rs11209026 minor allele A also has a protective effect against ankylosing spondylitis in over 1,000
Europearpatiens (Carriers OR = 0.63, Ralue = 2.8x10&). A haplotype of this SNP with SNP
rs7530511(197) showed evidence of saciation with psoriasis. Moreover, a study also showed a
protectiveassociation of rs11209026 minor alléfe) with psoriasig198, 199) Hollis-Moffatt and
colleagues(199 conduced a study to tessix IL23R varians which includd rs11209026for
significant association wittheumatoid arthritisn a New Zealand cohoriTheir data revealethat
rs11209026 desnot have evidence of association with 2R = 1.01, Pvalue =0.86) however one
SNP (rs134315)0emphasise a significant association with RA (OR = 1.14y&lue = <0.001)
ChenXu and colleaguedl 86)replicatel this data irEuropearsampleset. There resdtevealed that
only a Spanish sample set formed a significant association of rs13431510 with RA (OR =1.14, P
value = 0.03) while UK samplémdan OR trending ithe susceptible direction (OR = 1.15M8lue

= 0.06).0ther populatiorseti.e. Australasian and Norwegidradodd ratie of 1.0Q P-value= 0.98,

and OR 1.00; Ralue =0.97respectively.

1.6.1.1.3 RS7517847

Lui et al (2015)112)is currentlythe only study thatasdocumentdan association GIL23R gene

variantwith gout This variantis a synonyraus SNP rs751784This study showed thes7517847

minor allele(G) to be asusceptibleisk factorfor gout development in Chinese Han male population

(OR =1.22, Pvalue = 0.047)A study by Tung and colleagug)0)suggest thahers7517847 minor

allele G is specifical Ibytnobassedated vattiCeodothers type of Cr o hn 6 s

IBD.
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Another study(201) showedhat rs751787 hadthe most significant associati@protective effecof
minor allele Gfor rs7517847 and A for rs11209026ith CD (OR = 0.65, Rralue =4.9x10¢9))
compare to SNP rs11209088R = 0.43, A value =6.65x10¢6)) and it is statistically independent
from SNP rs1120902@ hey alsomentioredthat rs751784hasno significant association with UC
(OR = 0.63, Pvalue = 0.008).Li and coworkers (202) metaanalysis suppostthe resultthat
rs7517847 ands11209026 minor alleles have a protective effect against CD development. Thi
means that major allele G (rs11209026) and T (rs75178¥0rt susceptiblityo CD development.

A metaanalysis study conducted by Lee and colleadR@8) revealeda significantassociation of

rs7517847 wittarkylosing spondilitisn Europeans and Asians population



Table1.6:1 A summary of Auteinflammatory & Autoimmune disease that are associated vatmmonIL23R SNPs.

IL23R SNP of interest highlight yellow

IL23R SNP

Rs1004819

Rs10489629

Rs10889677

Rs11209026

Rs11209032

Rs11465770

Rs11465788

Rs11465804

Rs11805303

Rs1343151

Rs1495965

Rs2201841

Rs7517847

Rs7530511

Auto-inflammatory & Autoimmune disease

Crohn's disease, Ankylosing Spondylitis, Ulcerative Colitis, Celiac Disease, Inflammation bowel di
Psoriasis,

Crohn's disease, Ankylosing Spondglitinflammation bowel disease, Psoriasislig disease

Crohn's disease, Ankylosing8ndylitis, Ulcerative ColitisPsoriasis

Inflammation bowel diease, $oriasis, Crohn's disease, Ankylosing Spondylitis, Ulceratioéti€
Psoriasis

Ankylosing spondylitis Inflammatory bowel disease, Crohn's disease

Crohn's disease

Crohn's dsease, lterative colitis

Ankylosing spondylitis, nflammatory bowel disease, Crohn's dise, Psoriasis,dllac disease
Crohn's disease, Inflammatory bowel diseadeetative colitis

Ankylosing spondylitis, Rheumatoid arthritis

Ankylosing spondylitis

Crohn's disease, Psoriasisnidlosing spondylitis, Ulcerative Colitis, Celiac Disease, Inflammat
bowel disease

Crohn's disease, Ankylosing Spondylitis

Psoriasis, Crohn's diseasenkilosing spondylis

Risk Allele

C

AorC

AorG

CorT

GorT

5C

Chromosome position

1:67204530

1:67222666

1:67259437

1:67240275

1:67274409
1:67168280
1:67182611
1:67236843
167209833 :
1 67253446:
1:67287825

1:67228519

1:67215986

1:67219704

Source/Previous Studies

Duerretal (2006), Burton et al (2007), Glast al (2009)

Burton et al(2007), Parket al (2009), Einarsdottiret al (2009)

Duerr et al (2006), Burton et al (2007), Huber et al (2008), Silverberg et al (2009), F
et al (2008), Einarsdottir et al (2009)

Duerr et al (2006), Burton et al (2007), Weersma et al (2008), Liu et al (2008), Fi
et al (2011), HollisMoffatt et al (2009), Chang et al (@8)

Brown (2008), Burton et al (2007) Jiang et al (2010), Duerr et al (2006),

Bin et al (2009)

Bin et al (2009), Juyal et al (2011)

Brown (2008), Burton et al (2007), Deshmukh et al, Kamet al (2012)

Burton et al (2007), Lv et al (2012), Fisher (2008)

Duerr et al (2006), Burtoet al (2007),

Burton et al (2007), Mizuki et al (2010),

Duerr et al (2006), Huber et al (2008), Einarsdottir et al (2009), Safrany et al (200¢

Tung et al (2011).ee et al (2012)

Nair et al (2008), Huber et al (2008), Taylor et al (2008),



1.7 Aim of this Study

This literature revievhighlightedthe currentgap in the knowledge of gout and RHF in relation to IL
23R genetic variants of interest (rs11465804, rs751,/811465804). While the association of
IL23R with both gout and RHF has na¢enconfirmed by any previous studies, it has been shown
with related auténflammatory disease. Hence, the aim of this project is to test IL23R gene variants
for associatiorwith gout and rheumatic heart fever in the European and Polynesian (RECifa}/f i
population This will be doneausing caseontrol sample sets recruited from within New Zealand and
Europe (gout only) and rheumatic heart fever in the Polynesian (Padifiod) papulation using

casecontrol sample sets recruited from within New Zealand.
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1.8 Gout& RHF CaseControl Study

1.9 Participant Recruitment & Ethical Approval

Participants were educated about this «asgrol study and howheir information would be used.
Participation wasoluntary and full conserfor useof DNA was obtainedThe NZ MultrRegion
Ethics committee granted the ethical approval for this st&yut casesvere allconfirmed by a
rheumatologst or a GeneraPractitioner (GP) satisfying the criteria for clinical gout from the
American College of Rheumatology (ACRIr preliminary diagnosticonditionsof gout (204).
Caseswere recruitedrom 2006 ta2013 from the Auckland, Waikatmd Canérbury regions of New
Zealand. A ontrol sample setvasrecruited from Auckland, Canterbury and Otago regams$had
no selfreported history of acute gouin additional ~1000 gout case$ European ancestmyere
recruited throughout Europ&he ptal number of casesas2003andthe total number of controls
was 2069 In addition, questionnaisanvere providedo all participants regardintheir information
including ethnicity Polynesiarancestry), agesex medical hisory and family historySomeof this
informationwasused forc o n f o uadjasenentn dhisstudy.

For RHF, all case(total number 2207) werealsoconfirmed by a rheumatologist 0IGP, usingthe
criteria in the American College of RheumatologyCR) for preliminary diagnosticanditionsof
RHF (204) All cases were recruited 2013 by Pedro Mingand Dinny Lennon from Auckland
Penicillin dinics and most casesere aduls of Polynesian descentontrols(total number =164)
used for RHFwere alsoused for gout contrel Questionnaire were also provided for allRHF

participants regardintieir ethnicity Polynesiarancestry).
1.10 Study Population

The study cohortvas divided into two major groups: (IBuropean(European Ancestry) an(®)
Polynesian 1 U o and Pacific Island\ncestry ethnicities.The Polynesian populatiowas further

divided intosubgroups (a) Western PolynesiafWP) include people from Tonga, Samoa, Niue and



Tokelay (b) EasterrPolynesiar(EP)involved people fronM U oand CooMlslands andc) a mixtue
of thetwo subgroups (EPWP) This was donasaprevious study205)showedallele and gengiping
distribution of various genetic variants often vary betwaecestrakthnicities Therefore, analyses
of this study could result ifinding false positive associatiarf an alleldocuswith goutRHF (205)
To overcome potentiafalse resultthe numbers dPolynesiargrandparent ancestwasaccounted
for as a confoundeRolynesiangenett status araifferent due taravelling eventsthat occurred

duringcolonisation otheirlands (45, 206, 207)

1.11 Extraction of DNA from blood samples

DNA wasextracted from blood samples tgchnicalstdf workingin theMerriman laboratory in the

Biochemistry department, Otago University.

1.11.1Lysis of the Red blood cell (RBC)

Blood (~ 10 ml) was collected from participants (case and controls) using tubes with EDTA to help
avoid coagulatiorBlood wasthentransferre into falcon tubes (50 ml) and washed using lysis buffer

till reached a total volume of 40 nllubes weremixed thoroughly and centrifuged for about 15 min

at 2500 rpmin this process, RBCs were lysed aliogthe haem to dissolve in the supernatane Th
supernatant was removed and pleiet was resuspended in flgsis bufferand mixed byentrifuged

for another 15 minutes at 2500 rpirhe supernatant was discarded agahis stepwas repeated

until the haem was completely discarded and the pelletgeheolour to whiteConductingthis step

is important because the haem is recognised as a PCR inhilgitite blood cells (WBCs) pellet of

DNA was therextracted instantly or frozen 25°C.

1.11.2Lysis of White blood cell (WBC) and DNA extraction

1.11.2.1Digestion ofproteinand WBC lysis

A total 0of 3.5 ml of 6 mol/l guanadinium hydrochloride (GuH@xs added to thehite blood cells

pellet and the mixture was mixed well.total of 250 ml of 7.5 mol/l ammonium acetate (MAc),
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50 ml of 10 mg/ml proteinase K and 260 of 20% Na sarcosyas eacladded immediately and

mixed thoroughlyThe solutionwasthen incubated in the 3€ room and left overnight.

1.11.2.2Removal of protein from cell

The solutionwvas reassigned in a 15 ml tutntaining 2 ml oprechilledchloroform (GHCls). Then
thetubewas mixedby vortexng andleft for a minute, then centrifuged it for 3 minutes at 2500 rpm.
After centrifugationthe solution forrad two layes. The bottom layer (organic layer) contained
proteins andhetop layer (aqueous layer) damed DNA.The bp layer was collected for DNA and
10 ml of cold absolute ethanol was added immediately to the DNA in a 15 mThwsolution was
mixed by inversion of the tube. This allowed the DNA to precipifate.samplevasthen centrifuged

at 300 rpm for 15 minutesThe supernatant was removed and the pellet was rinsedusiunge4ml

of 70%ethanol andvas centrifuged again for 5 minutes at 3000.rphe supernatant was discarded

and the pellet was left to dry overnight in room temperature.

1.11.2.3DNA quantification and dilution

The pellet was resuspended in 200 ml TE buffer of pH 7.5 (10 mmol/l, 0.1 mmol/l) and incubated at

55°C for 1 hour.Optical densitometryasused to determine the concentration of Di#ng260nm

on the Nanodrop Spectrophotoee (ND- 1000. DNA was di | ucoreahtratoo 2 00 n ¢
usingl0mM Tris/ImM EDTA andamples were then stor the freezerfFor genotypingurposs,

thesamplewas dilutedo 8ngk LusingTE buffer.

1.12 Quality control

The role of quality control is teepeat ~10% of samples &nsure no genotyping error ocedrcorrect
genotyping calling and to check fonisaligned96-well plates Quality controls were made by
aliquoting 8 samples from all casentrol 96well box containing samples that were recruitedHtier
study into a separat@6-well plate. Quality controls were conducted after everggMan®

genotyping assay.



1.13SNP Selection

Threegenetic variantslerived fromIL23R were choseffor this study SNP selection was based on
the literature review regardingauteinflammatory and autautoimmunerelated diseasesuch as
Crohnds disease, rheumatoid arthri tnflanmatoaynk yl osi ng

bowel diseasthatappeared tbeassociateavith IL23R genevariants(193, 208210) An Ensemble

search (http://asia.ensembl.org/Homo_sapiens/Info/lnddaoking for functional IL23R

variantswas performedSNP information such as populatiatiele frequency, association with
inflammaory disease was obtained froomdemble dataThe Polynesian sample sets SNP and
genotype data was estimated using ddtélan Chinese populatigras studieshave showed that
Oceanic populatiororiginated from continental East Asia(45). Therefore, SNP and genotype
information ofthePolynesian populatiowas assumed to lsemilar totheChinese HapMap data. The
3 IL23R SNPs chosemvere RS11465804G/T), RS7517847G/T), and a norsynonymous SNP

RS11209026A/G) (Arg381Gin)

1.14 Constructing Linkage Disequilibrium (LD) using Haploview

The Haplotype Map (HapMaghttp://mww.hapmap.org/index.html.gfs a catalogue of common
DNA variations from four populationddan Chinese from Beijing, China (CHBY,oruba from
Ibadan, Nigeria (YRI)Europeanfrom Utah, USA residentwith Northern and Western European
ancestry (CEU)andJapanese from Tokyo, Japan (JARUild 35 and 36 platforms of the HapMap
were usedhrough the Haploview programme version 4.2 softwarmakelinkage disequilibrium
(LD) plots(Figure 1.141) for the 3 IL23R SNPs.TheLD plot wasgeneratd only forthegout sample
set.The pairwise LD fothe IL23R SNPswas measuredsingr? values An r?value of 0 means that
there was no LD between markerfspfr100 shows that there was complete LD between mankers
> 70 shows a high LD, 400 was considered as a moderate 13 40 means LD is lowLinkage
disequilibriumwas used to investigate if the 3 SNPs of interest had@mglationwith each othein

order to evaluate if haplotype analysis should beedon
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Figure 1.141 Linkage disequilibrium (LD) plot of 3 SNPs of interest in the IL23R gene in European

population..

Each box shows the extent of LD between a single pair of markers. The black boxes §idhoagt LD
(r>= 79), the grey boxes represeluw LD (r2 = 3). Numbers inside these boxes indicate theatue

between marker pairs.

1.15Haplotype Analysis

A haplotypeis a set of SNP allelesherited togethesind found on the same chromosohiaplotype
aralysis was conducteoh SNPs rs11209026 and rs11465&34hey havehigh LD with each other
in Europearand Polynesian sample sefbe result from this analystanbe used to increase power

to discover any associatiaf this SNPswith gout

Haplotypeanalysiswas performed usinBLINK software. In this analyseswo input files (.ped&
.mapfile) were created on exceTdble 1.15:1, Table 115:2). Thesefiles were import into PLINK
softwareandspecific commansi(Appendix4) wereused to calculate-Palue, OR, case and control

minor allele frequency of SNPs (rs11465804 & rs11209026) alleles combination.
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Table1.151 Example of a inputMap file.

First column are the chromosome no, second coluname the SNP, third column showed genetic

distance (morgansj but can use 0 for all and last column are the SNP position.

1 RS11465804 0 67702526

1 RS11209026 0 67705958

Table1.152 Example of input Ped file.

Column 1 = Family ID, Column 2 = Individual ID, Column 3 = Paternal ID (can used 0), Column 4 =
Maternal ID (can used 0), Column 5 = Sex (1 = male, female = 2, other = unknov@glumn 6 =
Phenotype (1 = controls, cases = 2, unknown = 0), Column 7 & 8 = rs%8@8 Genotype, Column 9 &
10 =rs11209026 Genotype.

A1006 | A1006 | O 0 1 1 T T G G
A1016 | A1016 | O 0 1 1 T T G G
A289 | A289 |0 0 1 1 T T G G
A314 | A314 |0 0 1 1 T T G G
A323 | A323 |0 0 1 1 T T G G
A328 | A328 |0 0 1 1 T T G G
A336 | A336 |0 0 1 1 T T G G
A351 | A351 |O 0 1 1 T T G G
A375 | A375 |0 0 1 1 T T G G
A377 | A377 |0 0 1 1 T T G G

1.16 TagMan® genotypingAssay

TagMan®assay isan extremely sensitive techniquesed for genotyping genetic variactsrectly
A light cycler 480 version 15 machirfRoche Applied Scienceéndianapolis, USAwas ugd for

TagMan® genotyping assagll TagMan® genotyping assaye designed to work under universal
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reaction conditions.TagMan® genotyping assays were ordered from Applied Biosystems

(http://www.appliedbiosystems.cam)

1.16.1TagMan® Assay mechanism

The6FAM dyeMGB and VIC dyeMGB labelledprobes arethe twofluorogenic probessed by the
TagMan®genotyping assay procedheVIC dyeis connected to thallele 1 probetthe5Nj amdd
the 6FAM dye is connected to the allele 2 prabBNj €241d Each SNFhadprobes specifically
designed for thersituated betweethetwo PCR primersThe Tagmanprobe consistedf quencher
(3Nj pamddflurophorereporter(5Nj ewhidhis placed in close proximityo each otheto avoid
emission offlurophore signalsvhile the probe is inactivatédtact(212) (Figure 116:1). The probe
will be activated wheiits allele-specificsequenceés correctly complementary to the variants allele
sequence during PCR amplification step. The probe will then bind tartet DNA strand anthen
bedegradedy the5Njucleasectionof the Tag polymerasmoleculeduring exension ofthe DNA
strand from the PCR prime(213, 214) The reporter flurophore will then separate from the probe
and initiate signal(Figure 116:1). The formation of PCR products can be measured by the
densityamount of fluorescence emitted psobereporter(FAM & VIC). Identifying genotypecan
bedetermined by measuring each signal released by reportersirdesdiete(s) of the target region

thatexistin thesampleg214)
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Figure 1.161 Schmatic diagram illustrating an overview dfagMan® genotyping assay.

The probebinds to the allele specific sequencan the target DNAduring amplification step This
binding cause the reportefluorophore dye to separate from the probe and the quencher by the action
of the MNpuclease Taq polymerase. Releasing of reportevhich eventually caused emission of

fluorescent signalsTaken from Bass et al (201@215)
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1.16.2Setting up the 384well plate for TagMan® genotyping using Light

Cycler

A 2uL aliquot of 6:10ng{iL DNA was badedinto a 384-well plate,a shieldplaced ortop of plate
andthe platecentrifugel at 1000rpm, 1minThe pate was coveredin the 37° room or drawer for
minimum of 2 days to ensure DN#&dried downMaster Mix (Kapa mix + Water + Prolier 3 SNP
of interes} (Table 116:1) was preparednd wrtexedimmediately A 5pL aliquot of Master Mixwas
placedinto each 384wvell usinga dispenserandthe plateby using aswiper to seait properly The
platewas spinto ensurethe Master Mixwason the plate wellbottom Then the platewas wrapedn
foil to protect from sunlight and store time freezerttill it wasready to run

*Preparation of Master Mix reaction

Per Sampléy 2.5.L Kapa mix + 2.48L Water + 0.07L Probe

Defrost pobe from freezefirst and aliguotKapa Mix andwaterinto a label tube. Thenovtexthe
solution instantlyand spin down probe before addinghe tube. Vortex the solution again afterwards.

Table1.161 Volumeof Master Mix per Reaction

Y plate % plate 1 plate
Standard 1Reaction 108 Reaction 208 Reaction 410 Reaction
Reaction (96 samples) (192 samples) (384 samples)
(5uL + Dried
DNA)
2 x Kapa Mix  2.5pL 270puL 520puL 1025puL
Water 2.43uL 262.44uL 505.44uL 996.3uL
40 x SNP 007pL 7.56pL 14.56pL 28.7uL
assay
Total 5uL 540uL 1040uL 2050puL
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1.16.3Usingthe Light Cycler

Turn the ight cycler on and opetheLight Cycler 480 software, enter password/username and check
correctdatabaseisselect€h o o s e O New Expeathembobser 6Kapamml atpr ot
SNP g e n oRlace thapg@aredplate in Light Cycler To st art run, press 0s
Automatically you will be notifiedo name your plate and where you want to place your running file

Label subsetuisb begt sed ietcad existing tedplate. Givehesubget aename

and then select relevant wells by holding down 6co
OAppl yo. R e p e ahe subshtsRsinnifigaofthe sarapte twill ke ~45 miutes When
TagMan®genotyping is complete the result will display on a table and on a clusteiFgate

1.16:2). Result fromTagMan®assay were recorded in a haploped(fligure 117:1)
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Figure 1.162 Example of cluster plofrom the TagMan® genotyping assay dhe 3 SNPof interest.

The blue triangleclusters represent homozygous allele X (major allele in this catte)red triangles
represent heterozygotes allele which are X and Y (both allete green triangles represents

homozygous allele Y (minor allele in this case), pink triangle represent unknown samplethaengrey
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triangles are fail/negative samples. The pink triangles occur when a sample fails to clustethieigwith
any genotype grop, therefore no genotype can lassignedor these samplesr DNA failures. The grey
triangles occur when there is no fluoresence detected by the assay, dineseost likely to be fnks in
DNA plates. The Xaxis represent Fluoresence with wavelenght a834533 and Yaxix represent
wavelenghtof 523-568.NB: Sometimes, Tagman assagsignedalleleswith wrong colours, in this

case manuakditing must performedo provide allele with correct colours.

1.17 Entry of TagMan® genotyping Data into Haploped File

The Merriman Lab sfacreated a master haploped fi{lEigure 1.17:) that consistedf samples
detailssuch assample ID, sample number/bdxpx position, gout affection, age, sex and ancestry
details. This filewas used to record SNPs genotyping data Whielpged to ensure accurate and

consistent calling of all samples genotyping result.

T —

SORT PATIENT BOX BOXPOS SEX ETHNICITY AFFECTION IL23R_rs11465804 Call Y=G X=T
1 AT000S AT1 1 2 1.0 Caucasian 1 Allele X 1 1
2 AT0009 AT1 2 2 1.0 Caucasian 1 Allele X 1 1
3 ATO012 AT1 3 2 1.0 Caucasian 1 Allele X 1 1
4 AT0014 AT1 4 1 1.0 Caucasian 1 Allele X 1 1
5 AT0O017 AT1 5 2 1.0 Caucasian 1 Both Alleles 1 2
6 AT0020 AT1 6 1 1.0 Caucasian 1 Allele X 1 1
7 AT0027 AT1 7 1 1.0 Caucasian 1 Allele X 1 1
8 AT0028 AT1 8 1 1.0 Caucasian 1 Allele X 1 1
9 AT0032 AT1 9 2 1.0 Caucasian 1 Allele X 1 1

10 AT0033 AT1 10 2 1.0 Caucasian 1 Allele X 1 1
11 AT0034 AT1 11 1 1.0 Caucasian 1 Allele X 1 1
12 AT0035 AT1 12 2 1.0 Caucasian 1 Allele X 1 1
13 AT0036 AT1 13 2 1.0 Caucasian 1 Allele X 1 1
14 AT0037 AT1 14 2 1.0 Caucasian 1 Allele X 1 1
15 AT0038 AT1 15 2 1.0 Caucasian 1 Allele X 1 1
16 AT0040 AT1 16 1 1.0 Caucasian 1 Both Alleles 1 2
17 AT0041 AT1 17 2 1.0 Caucasian 1 Allele X 1 1
18 AT0042 AT1 18 1 1.0 Caucasian 1 Allele X 1 1
19 AT0O044 AT1 19 1 1.0 Caucasian 1 Allele X 1 1
20 ATO046 AT1 20 1 1.0 Caucasian 1 Allele X 1 1
21 AT0047 AT1 21 2 1.0 Caucasian 1 Allele X 1 1
22 AT0049 AT1 22 2 1.0 Caucasian 1 Allele X 1 1
23 AT0050 AT1 23 1 1.0 Caucasian 1 Allele X 1 1
24 AT0052 AT1 24 1 1.0 Caucasian 1 Allele X 1 1
25 AT0053 AT1 25 2 1.0 Caucasian 1 Allele X 1 1
26 AT00S7 AT1 26 2 1.0 Caucasian 1 Allele X 1 1
27 BLANK AT1 27 Negative 0 0
28 AT0058 AT1 28 2 1.0 Caucasian 1 Both Alleles 1 2
29 AT0059 AT1 29 1 1.0 Caucasian 1 Allele X 1 1
30 AT0060 AT1 30 2 1.0 Caucasian 1 Allele X 1 1
31 AT006S AT1 31 2 1.0 Caucasian 1 Allele X 1 1
32 ATOO66 AT1 32 1 1.0 Caucasian 1 Allele X 1 1
33 AT0O070 AT1 33 2 1.0 Caucasian 1 Both Alleles 1 2
34 ATO071 AT1 34 1 1.0 Caucasian 1 Allele X 1 1
35 ATO072 AT1 35 1 1.0 Caucasian 1 Allele X 1 1
36 AT0074 AT1 36 1 1.0 Caucasian 1 Allele X 1 1

Figure 1.17:1 Example ofthe master Haploped file.

Showing samples information such as Patient/Sample ID, Box numbeoxBosition, Sex, Ethnicity

(ancestry information), gout affection(affected or not affected) and genotyping information



represented by number 1 and 2. Homozygoualléle 4 label1,1; Heterozygousllele4 X & Y label
1,2; and Homozygousillele YA label 4 2,2. Blanks samples highligledin red wereused to check
there wasno misplacement of samples genotyping and vedso used tocheck for correct orientation of

the plateduring genotyping.

1.18 BC|SNPmax

BC|SNPmax is a database provided by Biocomputiaid?ins Ltd at http://www.bcplatforms .cém
It helps to analysis and manage large numbers of SNP genotyping data as well as SNP clinical
phenotype dataSNP information such as marker maps, pedigrees, SNP quality information and

analysis resularealso lept in this database

1.18.1 Uploading SNPs Genotypes file on tlB€|SNPmax

A complete SNP genotyping filelable 118:1) was completedby adding allele genotypes the
genotype template file prepared by MamhippsGreen (Merriman lab stafffhe SNP genotypig

was uploadedile onto BC|SNPmax

Table1.181 Exampe of SNRyenptyping file forBC|SNPmaxupload

PATIENT | Rs11465804| Rs11465804| Rs11209026| Rs11209026| Rs7517847| Rs7517847
A4001 T G G G T A
A4002 T G G G A A
A4003 T T G A A A
A4004 T T A A T T
A4005 T T G G A A
A4007 G G G G A A

The two genotyping fileéSout(European & Polynesiaspmple set anBHF (Polynesian) sample set

file were uploaded tBC|SNPmaxFigure 1.18:1)
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Figure 1.181 Uploading of genotypes file ontBC|SNPmax

Under the genotypes tab dIC|SNPmaxand uploading template file.
1.18.2Affection data sets files

Affection data sks files were created for botlogt and RHF genotyping samet by MandyPhipps
Green (Merriman lab staffT hesefiles contairdthe gout/RHF Hection statusvhich were labelled

as 0 ifthe individualdoes not have gout/RHF andf the individualhas gout/RHF.

1.19 Statistical analysis

1.19.1Hardy-Weinberg Equilibrium tesusing SHEsis software

The HardyWeinberg equilibrium (HWE) test of all genotype samples was calculated using a web

based software called SHESsIgtf://analysis.biex.cn/myAnalysis.php(216) (Figure 119:1). HWE

was conducted on all 3 SNPs DNA in theropeanPolynesian and Polynesian sytoups. The HWE
theoremstates that all allele and genotype distributions in any population should rémaiane
from generation to generation inaage randommating populatiomot subjectedo influences such

as mate choice, mutation, selection or migraf®itv) Therefore, calculation of HWE céeused to


http://analysis.bio-x.cn/myAnalysis.php

inform any genotype errors or problems with calling of genotypes in any DNA box. The ideal HWE
had a pvalue >0.05 which means that a SNP is consider to be in HWE. If the HVdli@ is <0.05

this means the SNP is not in HWEgure 119:2). Samples found not to be in HWE were repeated
for confirmation Previous studies explaiorae possible reasons that ca@NPsto deviatefrom

HWE, including mutation selection, small population sigésease associationpnrandom mating,

genetic drift and meiotic drivi217, 218)

Figure 1.191 Example calculation of HWE using SHEsis.

Tick site analysis option, enter number of sites (no. of SNP), the marker names (name of SNP with

population)and the input data of case and control SNP genotypéth a reference column
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