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Abstract

Gout is a debilitating arthritis caused by elevated levels of serum urate in the blood
(hyperuricemia). The prevalence of gout is on the rise worldwide with particularly high
rates of the disease present in Māori and Pacific populations in New Zealand (9.3-13.9%
of Māori men and 14.9% of Pacific Island men affected). Genetic and environmental
factors contribute to hyperuricemia and gout. The high rates of gout in some ethnic
groups is thought to reflect genetic differences in serum urate regulation. Variation in the
renal urate transporter gene, SLC2A9, has been associated with hyperuricemia and gout
and recently with type 2 diabetes mellitus. A number of single nucleotide polymorphisms
(SNPs) in SLC2A9 have been associated with hyperuricemia and gout, with rs11942223
found to be strongly associated across diverse ethnic populations. Previous studies have
also found evidence for gene-environment interaction between SLC2A9 and sugarsweetened beverage consumption contributing to gout.
The aims of this study were to further characterise and identify causal variants within
SLC2A9 and the underlying etiologic mechanisms such as gene-environment interaction
using a case-control approach. Conditional analyses were carried out to test for
association of SLC2A9 variants independent from the effect of rs11942223.
It was also hypothesised that SNP-SNP interaction between non-synonymous SLC2A9
SNPs may be playing a role in gout. Analysis of Caucasian and Polynesian populations
was performed to investigate potential molecular differences in gout pathology between
ethnic groups.
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This study found evidence of eight independent associations of variants within SLC2A9
with gout in Caucasian (rs2280205, rs6820230, rs11942223, rs4529048, rs6811287,
rs11934363, rs10008035 and rs6449144). Among these variants, rs2280205 and
rs6820230 are non-synonymous SNPs. Rs2280205 was also associated with serum urate
control independent of the allele at rs11942223 in Caucasian. The findings of this study
support that of previous studies, with rs11942223 found to play a crucial role in the
contribution of SLC2A9 to gout risk in Caucasian but not in Māori and Pacific
populations where the prevalence of gout is high. This study suggests rs3733591,
rs16890979, rs4529048 and rs6449144 may be better causal variant candidates in people
of West Polynesian ancestry. Some evidence was found to suggest the influence of a
common SLC2A9 copy number variant on gout in the East Polynesian ancestral group
analysed. Furthermore there was evidence to support the hypothesis of SLC2A9 SNP-SNP
interaction in both Caucasian and Pacific populations. None of the SNPs tested showed
statistically significant evidence for gene-environment interaction with SSB consumption,
although rs2280205 should be analysed in larger sample sets.
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Chapter 1
1 Introduction
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Gout

Gout is the most common form of arthritis affecting men (1). The disease is characterized
by increased levels of serum urate in the blood leading to the deposition of needle-shape
urate crystals in the joints and soft tissue and subsequent intense inflammation (2). Gout
usually presents as recurrent attacks of acute inflammatory arthritis resulting in painful,
red and swollen joints. Most commonly the joint at the base of the big toe is affected, but
other joints including fingers, knees, heels and wrists may also be affected. Other
symptoms accompanying joint pain can include fatigue and a high fever (3). If left
untreated recurrent gout attacks can lead to the development of chronic gout resulting in
joint deformity and the formation of tophi (4). Tophi are subcutaneous nodules resulting
from deposits of monosodium urate crystals in the bone, tendons and cartilage causing
significant structural damage to the joint (5).

Gout can be classified as being either primary or secondary. Primary gout is caused by
hyperuricemia (high levels of urate in the blood) resulting from abnormal urate
metabolism. This can occur either through reduced uric acid excretion, increased
production of urate or a combination of the two(6). Secondary gout is most commonly
contributed to by the effects of other medical conditions (such as diabetes, kidney disease,
obesity, cardiovascular disease and metabolic syndrome) or results from the side effects
of medications (such as diuretics, aspirin and cyclosporine) (2, 7, 8).
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1.1 Global Prevalence of Gout

The prevalence of gout is increasing worldwide, affecting approximately 3-4% of
Caucasian men in westernized countries (9, 10). In 2007 and 2008, it was estimated that
8.3 million adults in the U.S. suffer from gout (11). The prevalence in the U.K. adult
population has been estimated to be 1.4% and more than 7% in men aged over the age of
75 years (12). Several studies of Asian populations from Vietnam, Thailand and Jammu,
India, found the prevalence of gout to be between 0.14 and 0.19% (13-15).}. A high
prevalence of gout has been reported in Australian and Taiwanese Aborigines at 3.8%
and 11.7% respectively (16, 17).
Changes in lifestyle, diet, environment and an increased rate of obesity, as well as the use
of drugs that increase serum urate levels are thought to be driving the increase in gout
prevalence (18). Differences in genetic predisposition to disease between populations, is
considered to be a key underlying factor for the variation of prevalence seen across
different ethnicities. In particular, people of Māori and acific descent excrete less uric
acid compared to those of Caucasian ancestry (19). Recently, genetic studies have
associated gout with variation in the urate transporter genes SLC2A9 and ABCG2 in
Polynesian people (20, 21).

1.2 Gout in New Zealand

In New Zealand, gout is estimated to occur in 3.24% of Europeans, 6.06% of Māori and
7.63% of Pacific people over the age of 20 (22). Prior to the arrival of Europeans in New
19

Zealand in the 1840’s, gout was uncommon in the NZ Māori population. Since this time,
the prevalence of gout in Māori has continued to increase and this is likely due to changes
in lifestyle and diet influenced by Western society (10, 23). In modern time, Māori and
Pacific people are among the highest gout sufferers in the world (10). Pacific people
living in NZ have a higher rate of gout than those living in the Pacific Islands. Migrant
Tokelauan men were more than 3 times more likely to develop gout than their nonmigrant counterparts (24). Furthermore, people of Polynesian decent have the highest
incidence of severe gout, tophaceous disease and accelerated joint damage (25).

1.2.1 Ancient vs modern day Māori and Pacific diet and lifestyle

rior to

estern influence, the ancient Māori diet consisted predominantly of seafood,

native birds, root vegetables (yam, kumara, taro and fern root) and other vegetation such
as watercress and sow thistle (26). Similarly, the Pacific diet included seafood, root
vegetables, domesticated animals and plants (such as rice and wheat to make bread),
along with fruits such as coconut (24). As NZ became westernised, the Māori and Pacific
people living there shifted to a more sedentary lifestyle and nutritionally poor diet
including fast food, alcohol, sugar-sweetened drinks and cigarette smoking (27). When
exposed to these environmental risk factors, those who are genetically predisposed to
impaired uric acid excretion are more likely to develop hyperuricemia and gout.
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1.2.2 Genetic differences between ethnic groups in NZ

A knowledge of Pacific migratory patterns is important for genetic studies of gout as
multiple genes regulating serum urate and genetic differences between populations could
lead to differences in the molecular processes underlying gout. The migratory events
leading to the colonization of islands in the South Pacific have resulted in population
bottlenecks leading to genetic differences between Western (Tonga, Samoa, Niue,
Tokelau) and Eastern (Māori, Cook Island) Polynesian populations (Fig 1.1) (21). At
present, mitochondrial DNA and Y-chromosome evidence supports the population of the
Islands of Polynesia from the ancestral homeland of South East Asia (more specifically
Taiwan) over a period of 5000 years (28-30). Initially there was immigration to
Melanesia and from there, a spread to Fiji, Tonga and Samoa before further migration
East to the Society Islands. Later, there was dispersal from the Society Islands to Hawaii,
Cook Islands and New Zealand, estimated to have all occurred around the same time. NZ
appears to have been settled as late as 1250 AD by Māori from the homeland of Hawaiki
(thought to be in East Polynesia) (31).
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Figure 1.1Migratory events leading to the colonization of the Islands of the Pacific. 1. Migrated
outside Melanesia; 2. Polynesian culture developed in the Samoa/Tonga region for up to 1500
years before voyagers settled in Eastern Polynesia 500 AD; 3. Latest evidence suggests a multiarchipelago Polynesian homeland connected by active voyaging. NZ was settled as late as 1250
AD by Māori from the ancestral homeland known as Hawaiki, which is thought to be in Eastern
Polynesia; the language of NZ Māori i o
r
o oo
Māori
ii .
Figure source:http://thehonoluluadvertiser.com/dailypix/2006/Mar/10/M121533310.GIF.

1.3 Gout and the Synthesis of Urate

Urate is produced from the catabolism of ribose-5-phosphate, fructose and nucleic acid. It
is the end product of purine metabolism in humans but in most other mammals, it is
oxidized to 5-Hydroxyisourate by uricase (urate oxidase). From there it can be converted
to allantoin, which is a more soluble and excretable form (32). Elevated levels of urate in
the blood known as hyperuricemia, is the central biochemical cause of gout (33).
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1.3.1 Loss of uricase enzyme in hominid evolution

Among humans and other primates, the uricase enzyme has become non-functional
through two independent mutational events early in hominid evolution. This has led to
higher serum urate levels in humans and great apes (34). The loss of uricase activity may
have conferred a selective advantage to primitive humans through the resulting increase
in serum urate concentration (35). Firstly, through the antioxidant activity of uric acid
which may have compensated for an acquired vitamin C deficiency. Urate levels increase
during times of oxidative stress to provide protection against free radical activity (36).
Urate and monosodium urate crystals also stimulate the innate immune system (37).
Secondly, urate enables the maintenance of blood pressure in response to a diet low in
salt and purines (35). Thirdly, there is evidence for urate being neuroprotective in animal
models of acute ischemic stroke (38). In humans, urate has been found to protect against
neurological diseases such as arkinson’s and Alzheimer’s disease (39).

1.3.2 Nucleic acid, ribose-5-phosphate and fructose metabolism

Nucleic acids and ribose-5-phosphate are broken down in the body via a shared metabolic
pathway. Inosine monophosphate (IMP) is the common intermediate in purine
biosynthesis. IMP can be converted to either guanosine monophosphate (GMP) or
adenosine monophosphate (AMP) as required (40). Purine catabolic products pass
through a number of intermediates during urate synthesis, including a final shared step of
xanthine oxidation to urate which is excreted in the urine (41). Fructose catabolism leads
to the generation of ATP, which is converted to IMP and finally to urate via a number of
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intermediates (42). Furthermore, elevated AMP and IMP activate catabolic pathways, so
although not itself a purine, fructose accelerates the breakdown of adenine nucleotides
leading to hyperuricemia (43).

1.4 Maintenance of Urate Levels in the Body

The majority of daily urate excretion occurs via the kidneys, with renal under excretion
leading to hyperuricemia (1).Under excretion accounts for approximately 90% of cases of
hyperuricemia with urate over-production accounting for only around 10% (4). Therefore,
the kidneys play an important role in the control of serum urate levels in the body (44).
Uric acid is filtered in the kidney by the glomerulus into a system of tubules (proximal
tubule, loop of Henle and distal tubule) where it can be reabsorbed or pass through to the
collecting ducts for excretion in the urine (Fig 1.2). In the human body, typically around
90% of the uric acid passing through the kidneys is reabsorbed while only 5-10% is
excreted (45).
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Figure 1.2 Anatomy of the kidney, showing the structure of a nephron, made up of the glomerulus
(the filter) and a series of intricate tubules.
Figure source: http://kidneyadvice.net/kidney%20disorders.html.
License Number: 3223950697684
Publication: Nature Reviews Rheumatology
Title: The genetics of hyperuricaemia and gout

1.5 Urate Transporters

Urate transporters expressed in the renal proximal tubule mediate uric acid reabsorption
and secretion (Fig 1.3). Solute carrier family 22 member 12 (SLC22A12)/urate
25

transporter 1 (URAT1), the Na+ transporters, solute carrier family 5 member 8 (SLC5A8)
and solute carrier family 5 member 12 (SLC5A12) (which supply anions required for
URAT1 function), solute carrier family 22 member 11 (SLC22A11) (a dicarboxylate,
anion and urate exchanger) and solute carrier family 2 member 9 (SLC2A9v2/GLUT9b,
short isoform) are expressed on the apical membrane and are involved in uric acid
reabsorption. Multi drug resistance protein 1 (MRP4), ATP-binding cassette sub-family G
member 2 (ABCG2), solute carrier family 17 member 1 (SLC17A1) and solute carrier
family 17 member 3 (SLC17A3) are also expressed on the apical side where they
facilitate uric acid secretion (44, 46). Solute carrier family 13 member 3 (SLC13A3),
solute carrier family 22 member 6 (SLC22A6) and solute carrier family 22 member 8
(SLC22A8) mediate the transport of Na+, dicarboxylates and urate on the basolateral
membrane. Solute carrier family 2 member 9 (GLUT9a/SLC2A9v1, long isoform) is also
expressed on the basolateral side where it is involved in the exit of uric acid from the cell
as well as the transportation of fructose and glucose (47).
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Figure 1.3Urate transporters in the renal proximal tubule (48).
License Number: 3223951135782
Publication: Nature Reviews Drug Discovery
Title: Technology platforms for pharmacogenomic diagnostic assays

1.6 Gout Pathogenesis

When urate levels are not well controlled and become elevated, the symptoms of gout
may eventuate. The disease process of gout can be divided into four stages consisting of;
asymptomatic hyperuricemia, acute gout, intercritical gout and chronic gout (49).

Asymptomatic hyperuricemia is marked by elevated levels of urate in the blood without
the manifestation of associated symptoms in the patient. Hyperuricemia is characterised
by a serum urate level above 0.4 mmol/l (50). When serum urate levels are this high,
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crystals can begin to form and deposit in the tissue (51). Only a fraction of people with
hyperuricemia will go on to develop gout, depending on genetic and environmental
influences. A prospective study of the consequences of hyperuricemia observed the
cumulative incidence of gout in men with serum urate levels of 0.54 mmol/l or higher, to
be 22% after five years (52). Hyperuricemia can arise through urate over production or
under-excretion or a combination of both (53). Causes of an increased production of urate
include a diet high in purines (red meat and seafood), a diet high in fructose and alcohol
consumption (54, 55). Decreased excretion of uric acid is the most common cause of
hyperuricemia with genetic variants in urate transporters and certain medications being
the main underlying factors. Medications such as cyclosporine and diuretics can increase
urate levels while uricosuric drugs can decrease levels (33, 56). Hyperuricemia is a risk
factor for the development of gout, and a feature of the metabolic syndrome along with
hypertension, obesity, hyperlipidemia and diabetes (57).

An acute gout attack results when urate crystals deposit in the joint, resulting in sudden,
severe pain, inflammation and heat and redness at the affected site (49). Common triggers
of a gout attack include; infection, trauma, diet, stress, diuretic use and excessive alcohol
(58).

The interval between gout attacks is known as the intercritical stage (49). During this
time, urate crystals remain in the joints awaiting the next trigger for another attack. Over
time, flares of gout can become more frequent and more joints may become affected (59).
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Persistent hyperuricemia and ineffective treatment of gout leads to the continued build up
of urate crystals in the joints (60). These deposits are known as tophi that include the
recruitment of macrophages as the major effectors of inflammation (61). Tophi are
characterized by a chronic inflammatory response involving both the innate and adaptive
components of the immune system. Typically tophi are not painful but if left untreated,
over time they can increase in size and cause bone erosion, a reduction of joint mobility
and musculoskeletal disability (25).

1.7 Risk Factors for Gout

Gout has a number of well-recognised modifiable and non-modifiable risk factors. These
include sex, age, ethnicity, medications, diet and alcohol consumption.

1.7.1 Sex
The risk of gout in children is equal among males and females as both sexes have low
urate levels. In males, serum urate levels begin to rise at puberty and therefore men have
higher serum urate levels than premenopausal women (33). After the menopause, the
occurrence of gout between the sexes narrows, at a ratio of 3:1 men to women in patients
over 65 years. This is likely due to the loss of the uricosuric effect of estrogen. This ratio
of gout in the elderly is predicted to narrow further in coming years as the use of estrogen
therapy declines (8).
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1.7.2 Age

There is a direct correlation between age and the incidence of gout. This is mainly due to
the increase in urate levels as a result of decreased renal function. Furthermore, the use of
diuretics for the treatment of hypertension increases with age along with the prevalence of
other diseases associated with gout (such as metabolic syndrome) (5). In NZ, the overall
prevalence of gout is estimated to be 6.06% in adult Māori and 7.36% in adult Pacific
Island people. In men over the age of

years, gout affects appro imately one third of

Māori men and a uarter of acific Island men (22).

1.7.3 Ethnicity

Ethnic groups such as New Zealand Māori and Pacific Island as well as Taiwanese
aborigines, have a high prevalence of gout compared with other ethnicities (17, 22).
Underlying genetic differences have been identified as contributing to the high rates of
gout in these people. In Taiwanese Aborigines, the high prevalence of gout is associated
with a genetic basis for familial gout (62). An increased risk of gout due to variation in
urate transporter genes was found to play a role in the case of NZ Māori and acific
Island people (20, 21).

1.7.4 Medications

Medications including diuretics, low-dose aspirin and drugs used for organ
transplantation increase the risk of developing gout. Currently, low-dose aspirin is widely
used by those at both high and low risk of a cardiovascular event (63). Aspirin has a
bimodal effect on urate levels. It is uricosuric when taken at high doses (>3g/day),
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whereas at low doses (1-2g/day), aspirin reduces uric acid renal excretion (64). The use of
diuretics in addition to low-dose aspirin appears to exacerbate its effect on urate (65).

1.7.5 Kidney and other organ transplants

Hyperuricemia and gout commonly arise as complications in kidney and other major
organ transplant recipients. Among transplant recipients, 13% experience new-onset gout
and around 50% will develop hyperuricemia (66). A reduction in uric acid secretion may
occur with a decreasing glomerular filtration rate in kidney transplant recipients.
Furthermore, many medications commonly given to transplant recipients such as
diuretics, some antimicrobials and immunosuppressant drugs such as cyclosporine are
strongly associated risk factors for the development of hyperuricemia and gout.
Cyclosporine is thought to increase urate levels by decreasing renal uric acid secretion
and suppressing the glomerular filtration rate through increased renal vasoconstriction
(67, 68).

1.7.6 Obesity

Obesity is associated with high serum urate levels (2). This is possibly due to obesity
leading to insulin-resistance and high levels of insulin circulating in the blood
(hyperinsulinemia) resulting in increased renal tubule absorption of uric acid (69). Weight
gain over time is also positively correlated with increasing serum urate levels (70). The
opposite effect is seen with weight reduction as serum urate levels decrease over time
(71).
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1.7.7 Diet

Purine rich foods such as seafood, red meat and some vegetables (peas, beans, lentils etc)
as well as high fructose consumption have been identified as risk factors for gout (54, 55).
A prospective study conducted by Choi and colleagues (72) investigated the influence of
diet on the incidence of gout over 12 years in a cohort of 47,120 men who initially
showed no evidence of the disease. The consumption of purine-rich foods along with
protein and dairy intake were surveyed. Over the 12 years, 730 new cases of gout were
confirmed within the cohort. High meat and seafood consumption was associated with a
1.41-fold and 1.51-fold increased risk for gout, respectively for the highest compared
with the lowest quintiles of intake. There was no evidence of association with increased
purine-rich vegetable consumption. A 50% reduction in the incidence of gout among
those consuming the highest amounts of dairy was also observed. Consistent with the
findings of Choi and co-workers (72), seafood intake was also found to increase the risk
of gout in a study cohort of 47000 men over the age of 40 years (73).

Studies have also identified a high fructose intake as being associated with an increased
risk of hyperuricemia and gout (54, 74, 75). Choi and Curhan (54) found that in a study
cohort of 46,393 men, high intake of fructose, sugar-sweetened beverages, high-fructose
fruits (oranges, apples etc), and fruit juice was associated with an increased risk for the
development of gout. Choi and colleagues (76) also found that the consumption of sugarsweetened beverages increased the risk of gout in women. Women who consumed one
serving of sugar-sweetened drink per day had a 74% increased risk of developing gout.
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The risk of gout was increased 2.4 times for women who consumed two or more servings
of sugar-sweetened soft drink a day when compared with those who consumed less than 1
serving per month. There was no evidence for association of diet drinks with gout (76).
Similarly, Batt and coworkers (74) found association of SSB consumption with prevalent
gout in European Caucasian, Māori and Pacific Island sample sets and furthermore, found
evidence for non-additive interaction between genotype and SSB consumption (74).

1.7.8 Alcohol

Alcohol consumption, particularly purine-rich beverages such as beer, is associated with
an increased risk of hyperuricemia and gout (58). Beer and liquor consumption have been
identified as risk factors for gout but evidence for an association of wine consumption has
not been observed (58, 77). Beer is rich in guanosine and this is considered the biological
basis for the association seen with gout (77). In addition, alcohol consumption increases
generation of lactate, triggering ketoacidosis (2). The biological significance of this with
regard to gout risk, is firstly that keto acids compete with uric acid for secretion.
Secondly, keto acids activate proximal tubular uric acid reabsorption through the
activation of URAT1 anion exchange function (2).

1.8 Treatment of Gout

Gout is not a life-threatening condition, although the disease can have a significant effect
on the quality of life (5). Fortunately there are a number of treatments, both changes in
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lifestyle as well as medications to reduce the risk of a gout attack and prevent the
development of chronic gout.

1.8.1 Lifestyle changes

A lower calorie diet with limited meat, refined carbohydrates and foods high in fructose
along with reduced sugar-sweetened and alcoholic beverage consumption are recognised
as important lifestyle changes for patients with hyperuricemia or gout. The benefits of
these modifications would be even more significant in gout patients who are also affected
by associated diseases such as diabetes and hypertension (2). Other dietary changes such
as the consumption of low fat dairy products are associated with lower serum urate levels
and decreased risk of gout (55, 72). The consumption of some fruits and vegetables and
coffee has also been linked to a decrease in urate levels and gout. Cherries and cherry
products, which can inhibit inflammatory pathways by decreasing C-reactive protein and
nitric oxide (NO) in the blood, can benefit gout sufferers (78, 79). Consumption of nuts
and legumes that are rich in protein, minerals and vitamins has been associated with a
lower risk of gout (72).

1.8.2 Medications

Non-steroidal anti-inflammatory drugs (NSAIDS) are the first line of medication used to
treat gout attacks (18). They act by inhibiting prostaglandin synthesis that causes
inflammation thus reducing the symptoms of a gout attack including swelling, redness,
pain, and fever (80, 81). Alternatively, in cases where oral drugs cannot be taken or the
patient has renal impairment or gastrointestinal bleeding, corticosteroids are an effective
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treatment for acute gout (82). Corticoid steroids predominantly work by down-regulating
the immune response through their action on the cytokines involved in inflammation (83,
84). Colchicine has been used to treat gout for over 2000 years and acts by arresting cell
growth through interference with tubulin dimers (85). It prevents polymerization of
microtubules and disrupts membrane dependent processes such as chemotaxis and
phagocytosis (86). At high concentrations, colchicine has been found to inhibit urate
crystal activation of the NALP inflammasome (87). Treatments for chronic gout are
targeted at reducing serum urate levels to <0.36mmol/l to subsequently reduce the
frequency of gout attacks, dissolve existing crystals and prevent new ones forming (88).
In gout patients, urate-lowering therapy is used to treat both uric acid under-excretion and
over-production. Allopurinol is a urate-lowering medication that blocks the conversion of
hypoxanthine to uric acid by xanthine oxidase (89). This results in a decrease of urate in
the blood and urine and an increase in the excretion of uric acid precursors such as
hypoxanthine and xanthine in the urine (90). Febuxostat is another urate-lowering
medication used for the treatment of gout. It works by inhibiting both reduced and
oxidized forms of xanthine oxidase (91). Lastly, medications such as probenecid,
sulfinpyrazone and benzbromarone are also used to treat gout by increasing the renal
excretion of uric acid. Probenecid works through inhibition of renal proximal tubular
reabsorption and benzbromarone specifically inhibits the action of SLC2A9 on urate
reabsorption and influences URAT1 action (92, 93).

35

1.9 Complications of Gout

Gout is associated with other diseases such as cardiovascular disease, kidney disease,
hypertension, T2D and metabolic syndrome (94-98). Among gout patients in a UK study
cohort, comorbidities were 25% for coronary artery disease, 24% for hypertension and
6% for diabetes. This was significantly higher than the proportions of other osteoarthritis
patients affected by these diseases (12). Consistent findings were reported by a U.S. study
of the prevalence of these diseases in gout cases compared with controls (99). In patients
affected by multiple diseases such as these, the management of gout is more difficult.

1.10 The Genetic Component of Hyperuricemia and Gout Risk

Gout and hyperuricemia twin studies have provided insight into the heritability of gout
(100, 101). Hyperuricemia has a strong genetic component whereas risk of common gout
development is thought to be determined by the environment. Emmerson and colleagues
estimated the heritability of the renal clearance of urate to be approximately 60% and the
heritability of the fractional excretion of urate to be 87% (100). In this study of 253
monozygotic and 261 dizygotic twins, the concordance of hyperuricemia in monozygotic
twins was 53% compared with 24% in dizygotic twins. The overall prevalence of gout did
not differ between monozygotic and dizygotic twins (101). Variation in urate transporter
genes has a considerable influence on serum urate levels and studies of these genes have
greatly increased the understanding of the pathogenesis of gout (102). Genetic studies
have found that variation in URAT1, ABCG2, SLC17A3 and SLC2A9 influence the control
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of serum urate levels (20, 21, 103-108). Yang and co-workers (109) investigated genetic
loci that influence serum urate and their relationship with gout and cardiovascular
disease. They performed meta-analyses of genome-wide association studies in five large
population-based cohorts of the Cohorts for Heart and Aging Research in Genomic
Epidemiology (CHARGE) consortium. Eight genetic loci showed genome-wide
significance for serum urate association, including SLC22A11, GCKR, R3HDM2-INHBC
region, RREB1, PDZK1, SLC2A9, ABCG2 and SLC17A1. Of these only SLCA9 and
ABCG2 showed genome-wide significant association with gout (109). In 2012, Okada et
al carried out a GWAS meta-analysis of serum urate in 51, 327 East Asian individuals.
They found four loci associated with serum urate that satisfied the genome-wide
significance threshold of <5.0 x10-8 (SLC2A9, ABCG2, SLC22A12 and MAF). The
association of MAF (which encodes a leucine zipper transcription factor) was novel (110).
More recently, a total of 28 genome-wide significant loci associated with serum urate
levels were replicated and identified by Kottgen et al (111). This included the loci
associated by Yang et al, along with regions in or near SLC16A9, NRXN2, TRIM46,
INHBB, SFMBT1, TMEM171, VEGFA, BAZ1B, PRKAG2, STC1, HNF4G, A1CF,
ATXN2, UBE2Q2, IGF1R, NFAT5, MAF, HLF, ACVR1B-ACVRL1 and B3GNT4. The
majority of genes that have been identified by such studies encode renal transporter
proteins that are capable of transporting urate. Therefore, a greater understanding of the
molecular mechanisms involved in urate transportation in the kidneys is of key
importance and has been a focus in recent gout research (103). Serum urate levels appear
to involve a complex interplay of urate transporters with renal uric acid excretion a
critical checkpoint in the development of gout (112). Even variants of weak effect are
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important and could potentially serve as drug targets for the treatment of diseases caused
by serum urate levels (113).

1.10.1 ABCG2

ABCG2 and SLC2A9 are the two largest genetic risk factors for common gout. The human
ATP-binding cassette, sub-family G, member 2 (ABCG2) gene is expressed in the
membranes of a variety of tissues including placenta, brain and intestine and is involved
in the active transport of numerous compounds across cell membranes (114). It is a
member of the ABC transporter family that is present in all organisms (115). ABCG2 is
involved in uric acid secretion primarily in the gut, but is also expressed in the kidney
proximal tubule (116, 117). Variants within ABCG2 have been associated with serum
urate control and gout in a number of ethnically diverse populations (21, 103, 118-120).
The T allele of the single-nucleotide polymorphism (SNP) rs2231142 has been associated
with gout susceptibility in Caucasian, Japanese and people of Western Polynesian
ancestry (21, 103, 117, 120). Woodward et al found the Q141K mutation (Gln to Lys
substitution at position 141) encoded by the common SNP, rs2231142, to be a functional
variant underlying gout. Introduction of this mutation by site-directed mutagenesis,
resulted in a 53% decrease in the serum urate transportation rate compared to the wildtype ABCG2 in a Xenopus oocyte uric acid transport assay (P < 0.001). Their data also
suggested that at least 10% of all gout cases in the white American population studied,
could be attributed to the causal variant, rs2231142 in ABCG2 (117). This year,
Woodward and colleagues studied the nature of this ABCG2 defect and identified that the
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Q141K mutation causes instability in the nucleotide-binding domain, resulting in
decreased protein expression (121).

1.10.2 SLC2A9

SLC2A9 appears to be the largest genetic risk factor in gout with variation within the gene
accounting for up to 5% of variation in serum urate concentrations, which in the context
of a complex disease, is a very significant contribution (122). The solute carrier family 2
member 9 (SLC2A9) gene (also known as GLUT9) is located on chromosome 4. It was
first identified as a fructose and glucose transporter protein and is now also known to be a
renal uric acid transporter that facilitates urate-reuptake (123). SLC2A9 is present in two
splice variants (isoforms), with one consisting of 512 amino acids and the other 540
amino acids. The proteins appear to differ only in the N-terminus and both are expressed
in the kidney and placenta, with the long isoform also expressed in the liver and
leukocytes. In kidney cells, the long isoform localizes to the basolateral membrane (blood
side), whereas the short isoform is trafficked to the apical membrane (urine side) (Fig 1.3)
(124).

1.10.3 SLC2A9 and hypouricemia

SLC2A9 is a causative gene of hypouricemia (125). Hypouricemia is a genetic disorder
characterized by low serum urate levels as a result of reduced uric acid reabsorption. This
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can lead to complications such as exercise-induced acute renal failure and nephrolithiasis.
Matsuo and colleagues (125) used a Xenopus laevis oocyte expression study to
demonstrate the ability of SLC2A9 to transport urate and that loss of function mutations
can cause hypouricemia. It appears that both SLC2A9 isoforms play an important role in
urate reabsorption on both sides of the renal proximal tubules (125). In a study by Dinour
and co-workers (126), two families affected with hypouricemia and without mutations in
the URAT1 gene, underwent a genome-wide homozygosity screen and linkage analysis.
Results revealed SLC2A9 as a candidate gene as both families had homozygous SLC2A9
mutations. In one family there was a missense mutation in SLC2A9 that was found to
dramatically reduce urate transport. The other family carried a 36Kb deletion in SLC2A9
resulting in a truncated protein. Taken together, these studies convincingly show that
homozygous loss of function mutations in SLC2A9 result in a total defect of uric acid reuptake leading to hypouricemia (Dinour et al, 2009).

1.10.4 SLC2A9 and hyperuricemia and gout

Variation in SLC2A9 has also been associated with hyperuricemia and gout with the SNPs
identified in these studies likely related to an increase in function of SLC2A9 and an
increased uric acid reabsorption (20, 106, 109, 123, 127-130). An increase in urate
reabsorption could result from an increase in SLC2A9 protein expression or possibly a
change in the relative amounts of each isoform. SLC2A9 has been identified as a
therapeutic target for diseases such as gout due to its role in serum urate regulation.
Benzbromarone has been shown to effectively control serum urate levels in gout patients
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who show uric acid under-excretion by targeting the urate re-uptake action of SLC2A9
(92, 131).

1.11 Genetic studies of SLC2A9

Genetic association of SLC2A9 variants and hyperuricemia and gout has been found
across diverse populations including Caucasian, African-American, New Zealand Māori
and Polynesian, Japanese and Chinese populations with hyperuricemia and gout (20, 106,
109, 123, 127-130). Genome-wide association studies (GWAS) suggest (SNPs) within
introns 3-7 of SLC2A9 have the largest effect on serum urate levels in Caucasian (20). An
early GWAS by Li and colleagues (106) in a genetically isolated Sardinian population,
identified rs6855911 as the most strongly associated SNP. Yang and co-workers (109)
published a table in 2010, containing all SLC2A9 SNPs showing evidence of association
with serum urate levels. Studying the linkage disequilibrium (LD) structure of the Yang
candidate variants and testing for association in other populations such as NZ Māori and
Polynesian cohorts, which have a high prevalence of gout, could yield more information
about the role these variants may play in the development of hyperuricemia and gout. In
addition, the top 25 SLC2A9 SNPs from a GWAS for serum urate in an African-American
cohort (127) were considered for analysis to investigate whether these SNPs were also
associated with serum urate control in the NZ Caucasian, Māori and Pacific gout casecontrol cohorts.
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Hollis-Moffatt and co-workers (20) analysed four SLC2A9 SNPs in strong linkage
disequilibrium with each other (rs16890979, rs5028843, rs11942223 and rs12510549) for
gout association in NZ Māori, Polynesian and Caucasian case-control cohorts. Haplotype
frequencies of these four markers were compared across these cohorts, with significant
evidence of protective and susceptibility haplotypes being found across all three
populations (20). In particular the C allele of rs11942223 appeared to be associated with a
protective effect against gout. Some of the strongly protective haplotypes did not appear
in any cases that were analysed in this study (20). This could be a useful marker for
predicting individual gout risk. Analyses across larger sample sets would help to confirm
the association of SLC2A9 protective haplotypes and investigate whether or not these
haplotypes occur in cases. Recent investigations have identified the SLC2A9 variants
rs4529048, rs13124007 and rs6850166 as playing a role in serum urate control (132,
133). Rs4529048 was the most highly associated SNP with serum urate levels in a Korean
population in a study by Sull and co-workers in 2011. The C allele of rs4529048 showed
a protective effect against increased serum urate (beta (mg/dL) = -0.2468,
P = 2.12 × 10− in the Seoul City sample set) (133). In 2012, Li and colleagues identified
two SNPs in the presumptive promoter region of SLC2A9 as associated with gout in a
Chinese male population. The A allele of rs6850166, was associated with an increased
risk of gout (p=0.029, OR 1.645 [95% CI 1.050–2.577]) and the C allele of rs13124007
appeared to be the risk allele for predisposition to gout (p=0.006, OR 1.709 [95% CI
1.162–2.514]) (132).
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Batt and colleagues (74) have found evidence for non-additive interaction between
SLC2A9 genotype and sugar-sweetened beverage (SSB) consumption and a role in gout
development in Caucasian, Māori and Pacific people. Firstly, they observed that SSB
consumption increased gout risk consistent with the association between high fructose
corn syrup-sweetened beverage consumption and gout risk found by Choi et al (54, 76).
The OR for four drinks/day relative to zero was 6.89 (p=0.045), 5.19 (p=0.010) and 2.84
(p=0.043) for Caucasian, Māori and acific Islanders, respectively. Secondly, 1634 NZ
Caucasian, Māori and acific Island people were genotyped for the SLC2A9 SNP,
rs11942223, and 7075 European Caucasians from the Atherosclerosis Risk in
Communities (ARIC) study were genotyped for the SLC2A9 SNP, rs6449173 (a surrogate
(r2=1.0) for rs11942223 in European Caucasian). When analyses were stratified by
genotype they found that with each extra daily SSB serving, carriage of the gout
protective rs11942223 minor (C) allele associated with a 15% increase in risk (p=0.078),
compared with a 12% increase in non-carriers (p=0.002). Interaction analyses showed a
significant interaction term in the pooled (pInteraction=0.01) but not meta-analysed
(pInteraction=0.99) data. There appeared to be heterogeneity between the four meta-analysed
data sets with the Māori data set driving the heterogeneity. Similar analyses of serum
urate in the ARIC data set supported the evidence for gene-environment interaction.
Increasing SSB consumption saw the presence of the normally serum urate-lowering C
allele conferring a higher increase in serum urate with each extra daily serving of SSB
(0.005 mmol/L, p=8.7×10−5) compared to those without the C allele (0.002 mmol/L,
p=0.016). The observed trend towards significance for non-additive interaction
between rs6449173 and SSB in determining serum urate levels (βInteraction=0.003,
p=0.062) supported the gout gene-environment findings in the NZ sample sets. Overall,
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they propose that these data suggest a physiological mechanism whereby high simple
sugar exposure from SSB consumption interferes with the ability of SLC2A9 to transport
uric acid (74).

1.12 SLC2A9 Non-synonymous Variants

A number of non-synonymous SNPs (ns-SNPs) in SLC2A9 have shown evidence of
association with serum urate levels and gout across diverse populations (103, 106, 128,
134-136). A three-dimensional model of the structure of the SLC2A9 protein generated
using homology modelling with GLUT1 (Fig 1.4) revealed that the non-synonymous
variants mapped to the ends of the urate transporter channel (Merriman and Tyndall,
unpublished). Given the close physical proximity of the non-synonymous SNPs it is
possible that they could interact genetically.
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Figure 1.4 3D structure of the SLC2A9 protein, isoform 2, constructed by Joel Tyndall via
Homology Modelling with GLUT1. The image depicts the urate transporter channel running
vertically up through the centre of the protein, with four out of the six non-synonymous variants
being analysed labeled in the structure. The corresponding residues are mostly located at the
exit/entrance to the channel, and predominantly cluster on the intracellular side of the protein
(top). Although rs2276961 and rs6820230 are not featured in the model (as they are positioned
in the sequence prior to the Ser31 model start point) by extrapolating back (upwards), these
residues are predicted to continue to be helical, heading towards the intracellular side of the
protein. The alignment used by Sun et al, 2012 in their model of hGLUT1 was used to generate
this model of SLC2A9 (137).
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In 2010, a GWAS of copy number variants in 16,000 cases of eight common diseases and
3,000 shared controls was carried out using the Wellcome Trust case-control consortium
data. The study summarised genome-wide copy number variation (CNV) and tagging
SNPs (138). This could be a useful resource for the identification of functional variants in
SLC2A9 that play a role in hyperuricemia and gout.

The non-synonymous variant rs16890979 has shown association with hyperuricemia and
gout in Caucasian, African and Armish populations (103, 128). However, rs16890979 is
in strong linkage disequilibrium with other variants such as rs11942223 in some
populations, which complicates the interpretation of these apparent associations. In 2010,
a study in a Han Chinese and Solomon Islander cohort as well as a second study in
Japanese men, found an association between the non-synonomous SNP rs37533591 and
gout (Tu et al, 2010, Urano et al 2010). rs37533591 has also been tested for association
with gout in Caucasian, NZ Māori and Polynesian study cohorts but did not show
evidence of playing a role in the disease development in any of these populations (128,
134). Rs3733591 did however appear to be a marker of tophaceous gout in Māori gout
cases (134).
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1.13 Gout, T2D and Metabolic syndrome

Metabolic syndrome is characterised by insulin resistance, hypertension,
hyperinsulinemia, obesity, dyslipidemia and hyperglycemia (139). It is a major risk factor
for the development of T2D and gout (140, 141). There is a well-recognised relationship
between both gout and T2D and the metabolic syndrome. In New Zealand a high
prevalence of gout has been reported in patients with T2D (142, 143). It is likely that
there are shared pathogenic pathways between gout and T2D in which insulin resistance,
hyperuricemia, obesity and hypertension play a central role. Insulin resistance is one of
the possible links between T2D and gout (97). Insulin resistance has been shown to be
inversely related to urinary uric acid clearance (144). This means the greater the degree of
insulin resistance, the lower the uric acid clearance and therefore the higher the serum
urate concentration.

In contrast, some studies have shown an inverse relationship between T2D and gout.
Highly elevated HbA1c or diabetes may decrease the risk of gout, particularly in men
(54). Lower serum urate levels in patients with T2D may result from the uricosuric effect
of glycosuria (145). Furthermore, impaired inflammation in diabetes may be protective
against the risk of gout (2).
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1.14 Genetics of T2D

Genome-wide association (GWA) studies have identified a large number of T2D risk loci
(146, 147). A number of genes that contribute to T2D risk are obesity related genes such
as the fat mass and obesity–associated gene (FTO), the beta-3-adrenergic receptor
(ADRB3) and the melanocortin receptors MC4R and MC3R (148-150). Other T2D risk
loci include the thyroid adenoma associated gene (THADA) and the transcription factor
7-like 2 gene (TCF7L2) which have been associated with diminished insulin secretion
(151, 152). Not surprisingly, as the pathogenesis of T2D involves a range of signaling
pathways and tissues such as the liver, skeletal muscle and adipose tissue, numerous other
genes have been implicated in the disease.

In 2012, Liu and co-workers (153) investigated SLC2A9 variants (rs1014290, rs2280205
and rs3733591) for association with serum urate and T2D in 1003 Han Chinese. They
found rs1014290 to be associated with T2D in Han Chinese. The C allele of rs1014290
was associated with 0.12-fold decreased risk of prevalent T2D in this population (p =
0.002). A 0.13mmol/L (p = 0.037) decrease in serum glucose and a 10.03 μmol/L ( =
.016) decrease in serum urate were observed per-copy increase of the C allele (153).
Urate has been identified as a risk factor for the development of T2D in other studies
(103, 154-157). However, Liu et al found the genetic effect on the association with T2D
to be independent from the urate effect. This supports the SLC2A9 gene as a candidate
genetic locus for the pathogenesis of T2D. SLC2A9 was up-regulated in liver and kidney
tissue in a diabetic mouse model where it affected insulin secretion in pancreatic β cells
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(158, 159). β cells function through the detection of a change in blood glucose
concentration and modulate insulin secretion in response. Insulin secretion consists of a
rapid first phase and prolonged second phase, beginning with the beta cell sensing
extracellular glucose concentration through the uptake of glucose by a glucose transporter
(158). SLC2A9 has been identified as a glucose and/or fructose transporter, although the
transport activity is very low for these substances (44, 160, 161). Therefore, SLC2A9
may be responsible for the glucose uptake by beta cells in the prolonged second phase of
insulin secretion. Liu and co-workers proposed that the C allele of rs1014290 could
influence the second phase of insulin secretion and consequently have an effect on serum
glucose level and T2D development (153). The association of rs1014290 with T2D
observed by Liu et al has not been replicated in any other population, although it does not
appear to have been investigated by any other study.

1.15 Aims of this Study

In New Zealand there is a high prevalence of gout, particularly in Māori and Pacific
people (10, 22). Variation in the renal urate transporter gene, SLC2A9, has been widely
associated with hyperuricemia and gout and recently with type 2 diabetes mellitus also
(20, 103, 106, 109, 118, 123, 127-129, 132, 133, 135, 136, 153). A number of single
nucleotide polymorphisms in SLC2A9 have been associated with hyperuricemia and gout,
with rs11942223 having been strongly associated across diverse ethnic populations (20).
Further investigation of the potential etiologic variants and mechanisms of SLC2A9 such
as non-synonymous SNPs, SNP-SNP interaction and gene-environment interaction may
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help to provide a more in depth understanding as to the role of this locus in these common
diseases.

This study utilised the large amounts of publically available data for genetic research.
This included The 1000 Genomes Project (which has sequenced the genomes of a large
number of individuals to provide a freely accessible resource of human genetic variation),
The International HapMap Project (a multi-country collaborative project to catalogue
human genetic variation to be made publically available for use), The Atherosclerosis
Risk in Communities (ARIC) Study and the Framingham Heart Study (FHS), as well as a
large NZ gout case-control data set to further investigate the role of SLC2A9 in
hyperuricemia, gout and T2D.
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1. The first aim of this research was to investigate the role of non-synonymous SNPs
in hyperuricemia and gout across the NZ gout case-control sample set. SNPs were
tested for association with gout as well as for SNP-SNP interaction and geneenvironment interaction with sugar-sweetened beverage consumption. Association
was tested independently of the effect of rs11942223.

2. Secondly, a panel of SNPs were selected based on the linkage disequilibrium
structure of SLC2A9, with the aim of seeing how many independent variant
associations with gout could be detected within the loci.

3. Thirdly, SLC2A9 variants that had shown evidence of association with
hyperuricemia, gout or T2D in previous studies were investigated in the NZ gout
data set to see whether the associations could be replicated in the NZ Caucasian
and Polynesian populations.
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Chapter 2
2 Materials and Methods
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Gout Case-Control Study Population

2.1 Ethical Approval and Recruitment

Study participants were informed of the research and how the information they provided
would be utilised. They were aware that their participation was entirely voluntary and
gave informed consent to use their DNA for research. The New Zealand Multi-region
Ethics Committee (MEC05/10/130) approved the collection of case samples. All cases
had a confirmed diagnosis of gout by a rheumatologist or GP and fulfilled the criteria of
the American College of Rheumatology (ACR) preliminary diagnostic criteria for acute
gout(162). Cases were recruited from hospital rheumatology outpatient clinics in
Auckland and Christchurch, as well as from community healthcare centers in Wellington,
Rotorua and Dunedin. Controls were recruited from the community New Zealand wide
and were defined as individuals over the age of 17 years with no self-reported history of
gout. All participants were asked to fill out a questionnaire regarding their ethnicity
(grandparent ancestry), medical history, family history, age, sex, BMI, diet (e.g. sugary
drink consumption), medication (such as diuretics and urate lowering drugs) and clinical
measurements such as serum urate (mmol/l) and blood glucose (mmol/l) were also taken
and used in this study.

2.2 Study Cohorts

Case-control analysis was the approach taken in this study. The study population consists
of individuals of different ethnicities (Caucasian, Māori and Pacific Island). The allele
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frequencies of variants often differ between ancestral groups and admixture between
populations can cause population stratification. In association analyses such as this,
admixture can result in the detection of false positive associations of a locus with a
disease and therefore this needed to be accounted for (163). Māori and Pacific ethnic
groups were divided into East (EP) and West Polynesian (WP) ancestral groups due to the
genetic differences between

estern (Tonga, Samoa, Niue, Tokelau) and Eastern (Māori,

Cook Island) Polynesian populations resulting from migratory events during the
colonisation of Polynesia (refer to section 1.2.2). For association analysis, the East
Polynesian cohort was divided into two datasets matched for EP ancestry – East
Polynesian high ancestry (EPN) with estimated EP ancestry > 0.65 (the geometric mean:
236 cases and 192 controls) and East Polynesian low ancestry (EPZ) with estimated EP
ancestry ≤ 0.

(48 cases and 157 controls). Overall, the study population was divided

into five population cohorts (NZ Caucasian, EPN, EPZ, WP and mixed EP/WP) to reduce
any population stratification present (as described in section 2.2.1).

1. New Zealand Caucasians were of British European ancestry.
2. Eastern Polynesians (EP) consisted of Cook Islanders and NZ Māori, which was
subdivided into EP high ancestry (EPn) and EP low ancestry (EPz).
3. Western Polynesians were participants of Tongan, Samoan or Niuean ancestry.
4. Mixed Eastern and Western Polynesians (EP/WP) were of mixed Eastern and
Western Polynesian ancestry.
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2.2.1 Subdivision of the Eastern Polynesian (EP) Cohort

STRUCTURE software (http://pritch.bsd.uchicago.edu/software.html) was used to
individually assign Eastern Polynesian participants to either the high or low Eastern
Polynesian ancestry groups. The Eastern Polynesian cases had a significantly higher
average of self-reported EP grandparents compared with EP controls (3.1 EP
grandparents in cases and 2.5 in controls, giving P=3.1e-14 by t-test). 63 biallelic markers
were genotyped across the EP sample set and used as genomic controls to account for
differing EP ancestry as described by Hollis-Moffatt et al, 2012 (105) and summarised
below. Markers from regions known to be associated with gout were excluded.
Genotyping of the markers was carried out using Taqman assays by the staff of the
Merriman Lab, Dept. Biochemistry, University of Otago and were as follows:

rs2075876 (AIRE), rs1816532 (ERBB4), rs1341922 (GFPT1), rs12401573 (Sema4A), rs6945435
(MGC87315), rs743777 (IL2RB), rs10511216 (Intergenic), rs12745968 (FAM69A), rs1539438
(AP4B1), rs729749 (Ncf4), rs3738919 (ITGAVr), rs1130214 (AKT1), rs755622 (MIF),
rs7901695 (TCF7L2), rs7578597 (THADA), rs2043211 (CARD8), rs10733113 (NLRP3),
rs900865 (INSC/SOX6), rs2059606 (PDGS), rs4129148 (PsuedoY), rs831628 (CD59), rs7725
(GFPT2), rs573816 (upstALDOB), rs1929780 (ALDOB), rs12917707 (UMOD), rs10025373
(IL8), rs1143634 (IL1B), rs11536879 (TLR4), rs1205 (CRP), rs2812378 (CCL21), rs3014875
(S10019), rs344542 (C3), rs40401 (IL3), rs452204 (IL1RN), rs4780884 (UMOD), rs4781011
(CIITA), rs4804221 (FCER2), rs4845622 (IL6R), rs4889640 (ITGAM), rs507879 (CASP5),
rs6005863 (XBP1), rs6819597 (CXCL11), rs6835636 (TLR2), rs7811892 (LEP), rs7842
(C3AR1), rs795467 (IL18), rs8075846 (CCL11), rs8122 (STEAP4), rs9639436 (IL6), rs9882205
(ADIPOQ), rs2859491(ERAP2), rs34724799(SLIT3), rs10511661(ADAMTSL1),
rs13098550(AADAC), rs3736187(MME), rs4677396(CNTN3), rs2002406(BRE),
rs4952771(PRKCE), rs2765620(C13orf18), rs3122160(HCRTR2), rs4082190(GSDMA),
rs4624958(LHFPHL3), rs6839345(LRBA).
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505 Caucasian controls were included during the STRUCTURE protocol to represent the
Caucasian population and assist with clustering. The results from the STRUCTURE
analysis were matched with the self-reported ancestry. Secondly, the geometric mean was
applied to determine high or low East Polynesian ancestry by defining a cut-off value of
0.67. Participants with a value >0.65 were categorised as having EP high ancestry (EPn)
and those with a value <0.65 were categorized into the EP low ancestry group (EPz).

2.2.2 Reference data sets

Two additional data sets were analysed in this study to increase power by including in
meta-analyses and as a comparison for the results in the NZ data sets. These data sets
consisted of Caucasian subjects from the Atherosclerosis Risk in Communities Study
(ARIC) and the Framingham Heart Study (FHS).

2.2.2.1 Atherosclerosis Risk in Communities Study (ARIC)

ARIC was a two-part study of the risk factors of atherosclerosis, comprised of the Cohort
Component and the Community Surveillance Component
(http://www.ncbi.nlm.nih.gov/projects/gap/cgibin/study.cgi?study_id=phs000090.v1.p1).
The Cohort Component began in 1987 with a study cohort of 11,475 white Americans
and 4,260 African-Americans aged between 45 and 64 from the U.S. communities of
Washington County, MD (Johns Hopkins); Forsyth County, NC (BowmanGray/University of North Carolina); Jackson, MI (University of Mississippi); and
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suburban Minneapolis, MN (University of Minnesota). These communities were
investigated for myocardial infarction and coronary heart disease deaths in men and
women aged 35-84 years in the Community Surveillance Component of the study. ARIC
is a collaborative study supported by NHLBI contracts N01-HC-55015, N01 HC-55016,
N01-HC- 55018, N01-HC-55019, N01-HC-55020, N01-HC-55021, N01-HC-55022, R01
HL087641, R01 HL59367 and R01 HL086694; National Human Genome Research
Institute contract U01HG004402; and National Institutes of Health (NIH) contract
HHSN268200625226C. The rights to access the ARIC dataset was obtained by Assoc.
Prof. Tony Merriman through dbGaP data access committees for the respective study
under approval number 834 with the project titled the Genetic Basis of Gout. Affymetrix
6.0 K mapping array was the GWAS platform used in the study which genotyped
~934,930 SNPs. The samples selected for use in this study were of Caucasian ancestry
and were not taking diuretics for the treatment of hypertension. 153 gout cases (defined as
those who answered yes to the uestion “Have you ever been told you have gout?” and
self-reported as taking allopurinol) along with 6967 controls were included in the gout
analyses. For the urate analyses, the ARIC data set used included 5223 Caucasian
participants who did not have gout, were not related to the gout patients, and did not have
kidney disease or take medication for hypertension.

2.2.2.2 Framingham heart study (FHS)

The Framingham Heart study (http://www.framinghamheartstudy.org/) was initiated in
1948 in Massachusetts (Jaquish, 2007). It was a prospective study of the National Heart,
Lung and Blood Institute, in collaboration with Boston University, with the aim of
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identifying common cardiovascular disease (CVD) risk factors by following a large
cohort over a period of time, starting prior to the development of any symptoms of CVD.
Additionally, they collected information on other disease phenotypes such as gout,
hyperuricemia and diabetes. The Framingham Heart Study includes three generations of
participants. The original cohort of 5,209 participants aged 28-62, were enrolled in 1948.
In 1971, the Offspring Study began which consisted of the spouses and offspring of the
original cohort (5124 males and females aged between 5 and 70). From 2002, 4095 third
generation offspring who had at least one parent in the offspring cohort were recruited
into the Third Generation Study. Affymetrix 500 K mapping array was the GWAS
platform used in this study with ~500,568 SNPs genotyped. The rights to access the FHS
dataset were obtained by Assoc. Prof. Tony Merriman through dbGaP data access
committees for the respective study under approval number 834 with the project entitled
the Genetic Basis of Gout. In the gout analyses for this study, there were 83 gout cases
and 6628 controls. Cases consisted of self-reported gout cases from the Offspring data set
where the participant had reported having gout on either two or more surveys or on one
survey and were also taking gout medication and further included self-reported gout cases
from the Generation 3 data set where participants had also answered "no" to taking
diuretic medication. Controls consisted of Caucasian individuals who were not related to
any of the gout cases. For the urate analyses, the FHS data set used included 3269
Caucasian participants who did not have gout, were not related to the gout patients, and
did not have kidney disease or take medication for hypertension.

2.3 DNA extraction from blood samples
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Genomic DNA was extracted from whole blood samples by the technical staff of the
Merriman Laboratory in the Department of Biochemistry, University of Otago. An
overview of the steps undertaken are described below:
1. Red blood cell lysis: During this step, red blood cells (RBCs) were lysed and the haem
dissolved in the supernatant. As haem can inhibit PCR and interfere with results, this step
was crucial.
2. White blood cell lysis and protein digestion.
3. Removal of protein from cell extracts using prechilled chloroform (CHCl3)..
4. DNA extraction: Tubes were vortexed resulting in the formation of two layers (the
lower organic layer containing proteins and the upper aqueous layer contained DNA).
Cold absolute ethanol was added to the aqueous layer and tubes were inverted and
centrifuged to precipitate the DNA. The supernatant was drained and the pellet washed
twice with ethanol before it was left to dry overnight. The precipitated DNA was
reconstituted in DNAse/RNAse free Tris EDTA (TE) buffer.
5. DNA quantification and dilution: The concentration of DNA was determined by optical
densitometry at 260nm using a Nanodrop Spectrophotometer (ND- 1000). DNA was
diluted to a concentration of 200ng/µL using10mM Tris/1mM EDTA and stored in the
freezer. Samples were further diluted to 8ng/µL with TE buffer for the purpose of
genotyping.
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2.4 Quality control

Eight samples from each case-control 96-well box were selected from the NZ sample set
and aliquoted into a separate 96-well box for quality control purposes. The quality control
boxes were genotyped after every assay to ensure correct calling for genotyping and no
accidental plate inversions.

2.5 SNP Selection and Assay Design

2.5.1 Non-Synonymous SNP Selection

A literature review of Non-synonymous (ns-SNPs) in SLC2A9 and an ensembl search
(http://asia.ensembl.org/Homo_sapiens/Info/Index) of SLC2A9 variants, which may be
functional, was the basis for ns-SNP selection. Information on the DNA sequence in the
region of the SNP and allele frequency in Caucasian and Asian populations was obtained
from http://asia.ensembl.org/Homo_sapiens/Info/Index. The SNP information from the
Han Chinese HapMap and Asian 1000 genome data was used as an estimate for the
frequencies in the Polynesian data sets as it is now widely accepted that the Oceanic
population migrated from the ancestral homeland of East Asia (21).

2.5.2 Synonymous SNP Selection
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Further SLC2A9 variants that had been associated with gout, serum urate control or type 2
diabetes in previous studies were also selected for analysis in the NZ sample set. These
SNPs were analysed to investigate whether the association seen in other populations
could be replicated in the NZ Caucasian and Polynesian data sets. In addition to these
variants, five independent SLC2A9 SNPs were chosen from a linkage disequilibrium plot
of SLC2A9 with the aim of covering all regions of the gene with a representative SNP to
see how many independent associations could be detected within the gene. Three SNPs
that had been previously investigated for association with gout by Hollis-Moffatt et al in
2009 were re-analysed in the larger 2012 sample sets which included newly recruited
samples. A summary of the SNP selection process is shown in Table 2.1, with selected
SNPs indicated in bold.
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Table 2-1 Summary of SLC2A9 SNP selection
SNP

Type of
variation

Position

Allele 1
freq
CEU

Allele 2
freq
CEU

Allele 1
freq
CHB

Allele 2
freq
CHB

Source/previous studies

Selection

Genotyping
method

rs6820230

p.Ala17 Thr

4:10027542

C= 0.76

T= 0.24

C= 0.94

T= 0.06

Li et al, 2007, table s3. And
McArdle et al 2008, Table 2(106,
128).

Yes

PCR-RFLP

rs73225891

p. Asp 252 His

4:9922170

C= 0.97
(Eur)

G= 0.03

C= 1
(ASN)

G= 0

Ensembl

Yes

Sequenom

rs16890979

p. Val 253 Ile

4:9922167

C= 0.76

T= 0.24

C= 0.98

T= 0.02

Li et al, 2007, table s3, Dehghan
et al, 2008, McArdle et al, 2008,
table 2, Hollis-Moffatt et al, 2009,
table 2 and Urano et al, 2010,
table 1(20, 103, 106, 128, 136).

Yes

Taqman.

rs3733591

p. Arg 265 His

4:9922130

C= 0.79

T= 0.21

C= 0.27

T= 0.73

Li et al, 2007, table s3, McArdle
et al, 2008, table 2, Hollis-Moffatt
et al, 2011, table 3, Tu et al, 2009,
Table 2, and Urano et al, 2010,
table 1(106, 128, 134-136).

Yes –across new NZ samples

Taqman

rs75088806

p. Val 266 Met

4:9922128

No data

Ensembl

No, because variant has only
been genotyped in YRI (African
population) therefore it is rare
and unlikely to be polymorphic
in Caucasian pops.

No

rs74651202

p. Arg 271 Cys

4:9922113

No data

Ensembl

“

No

rs2280205

p. Pro 321 Leu

4:9909923

A= 0.56

G= 0.44

A= 0.32

G= 0.68

Li et al, 2007, table s3 and
McArdle et al, 2008, table 2(106,
128).

Yes

PCR-RFLP

rs2276961

p. Gly 25 Arg

4:10022981

T= 0.55

C= 0.45

T= 0.43

C= 0.58

Li et al, 2007, table s3(106)

Yes

PCR-RFLP
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rs4302456

Tags
CNVR1820.1
loss
4:100010494:10012579

4:10386674

T= 0.77

C= 0.23

T= 0.89

C= 0.11

Craddock et al, 2010 WTCCC
CNV study(138)

Yes

Taqman

rs11942223

p. synonymous

4:9962765

T= 0.78

C= 0.23

T= 0.99

C=
0.011

Hollis-Moffat et al, 2009, table
3(20).

Yes –across new NZ samples

Taqman.

rs11722228

p. synonymous

4:9915741

C= 0.65

T= 0.35

C= 0.74

T= 0.26

Kamatami et al, 2010(164).

rs3756231

p. synonymous

4:10025544

A= 0.98

G=
0.026

A= 0.56

G= 0.44

Charles et al, 2011(127).

No- In LD with rs6449144 (r2=
88 in both CEU and CHB).
May revisit at a later date as it
is not in LD other SNPs.

rs717615

p. synonymous

4:10104670

A= 0.53

G= 0.47

A= 0.51

G= 0.49

“

“

rs11934363

p. synonymous

4:9912101

A= 0.83

G= 0.17

A= 0.88

G= 0.12

Chosen using SLC2A9 LD plot to
cover regions that weren't covered
by previously investigated or
selected SNPs.

Yes- used CEU SLC2A9 LD
plot to select a set of SNPs
independent to those already
selected which had shown an
association in Yang et al(109),
and/or in the Māori Axiom
data1.

Sequenom

rs1976792

p. synonymous

4:9846309

G= 0.88

A= 0.12

G= 0.88

A= 0.12

"

"

“

rs6811287

p. synonymous

4:10180823

C= 0.55

T= 0.45

C= 0.56

T= 0.44

"

"

“

rs6449144

p. synonymous

4:9944650

G= 0.64

T= 0.36

G= 0.90

T= 0.10

"

"

“

rs10008035

p. synonymous

4:9999335

G= 0.82

T=0.18

G= 0.93

T= 0.08

“

“

“

rs5028843

p. synonymous

4:9940806

G= 0.74

A= 0.26

G= 0.93

T= 0.08

Hollis-Moffatt et al, 2009(20).

Yes- genotype across new NZ
samples and re-analyse
protective haplotypes of HollisMoffatt et al(20).

Taqman
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rs12510549

p. synonymous

4:10276467

T= 0.78

C= 0.22

0.558

0.442

“

No, SNP is surplus to the
information needed for
haplotypes analysis.

rs4529048

p. synonymous

4:9997112

A= 0.74

C= 0.26

T = 0.93
(ASN)

G=
0.07

Sull et al, 2011, Table 2(133)

Yes- as it is not in LD with any
other SNPs in CHB, is the most
sig SNP in the Sull et al, 2011
study, and has a significant Pvalue in Yang(109, 133).

rs16889509

p. synonymous

4:9848326

T = 0.86
(EUR)

G=
0.14

T = 0.91
(ASN)

C = 0.09

“

No -All Sull et al, 2011 SNPs
are in LD with each other
(except rs4529048 and
rs10516195 (LD is unknown)).

rs16891234

p. synonymous

4:9946163

T = 0.78
(EUR)

C = 0.22

C = 0.91
(ASN)

T = 0.09

"

"

rs9992406

p. synonymous

4:9986288

C = 0.79

T = 0.21
(EUR)

G= 0.57

T= 0.43

"

"

rs10516195

p. synonymous

4:10001833

G= 0.97

T =0.03

G=0.08

C=0.92

"

No -unknown LD in CHB
although not in LD with
genotyped SNPs in CEU.

rs13124007

p. synonymous

4:10043431

G=0.44

C=0.56

C= 0.91
(ASN)

T= 0.09

Li et al, 2012(132)

Yes- as it has been associated
with gout in CHB (no LD data
and no data in Yang(109, 132))

Sequenom

rs6850166

p. synonymous

4:10043688

C= 0.72
(EUR)

T=0.28

A=0.60
(ASN)

G=0.40

"

"

"

rs1014290

p. synonymous

4:9997112

A=0.76
(EUR)

G=0.24

A=0.56
(ASN)

G=0.44

Liu et al, 2011 (Associated with
T2D in Han Chinese)(153).

No- in complete LD with
rs4529048 (Sull et al,
2011(133)) although will test
rs4529048 for association with
T2D in NZ sample set.
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Taqman.

Change in amino acid sequence is specific to isoform 2 (GLUT9deltaN) and position in DNA sequence is according to Ensembl data where the GRCh37.p13
(Genome Reference Consortium Human Reference 37 was used. The location of the CNV tagged by rs4302456 is according to WTCCC data(138). SNPs in
bold indicate those which were selected for genotyping and analysis in the NZ sample set. Allele frequencies from HapMap Caucasian and Han Chinese
(CHB) populations except where specified as from European (EUR) or Asian (ASN) 1000 genome data.
Māori Axiom data was produced in 2010 via the genotyping and analysis of 36 Māori gout cases and 33 Māori controls, selected for having >60% Māori
ancestry. Genotyping was performed on the Affymetrix Genome wide Array Structure Identification (ASI) array (598375 markers).
1
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2.6 Building LD Plots using Haploview

The Haplotype Map (HapMap) Project (http://hapmap.ncbi.nlm.nih.gov) is a catalogue of
common genome wide variation from four populations (Caucasians from UTAH, USA of
Northern and Western European ancestry (CEU), Han Chinese from Beijing, China (CHB),
Japanese from Tokyo, Japan (JPT), and Yoruban from Ibadan, Nigeria (YRI)). Build 35
and 36 platforms of the HapMap were used through the Haploview programme -version
4.2, to generate linkage disequilibrium (LD) plots to allow the intermarker LD between
SLC2A9 SNPs to be visualised (Fig 2.1). Pairwise LD for SNPs in SLC2A9 was measured
using r2 values. LD between markers in the Polynesian data sets was estimated by
constructing an LD plot using CHB HapMap data and NZ Caucasian intermarker LD was
estimated using CEU HapMap data. Where there was no HapMap genotype data for a SNP
of interest, LD plots were generated using the NZ sample set data once genotyping had
been carried out. R2 values ranging from 0 (where there was no LD between markers) to
100 (where there was complete LD between markers) and a grey scale (white = no LD,
black = high LD) was used in LD plots to show the linkage between markers. An r2 value of
100 indicated complete LD between markers, r2 >70 was considered high LD, 40-70
suggested moderate LD, r2<40 showed there was low LD and r2=0 indicated an absence of
LD between markers. The SLC2A9 linkage disequilibrium information was used to reduce
the genotyping burden by allowing the selection of SN s that weren’t in LD with each
other or those such as rs11942223 which had previously showed evidence of a strong
association with gout in the NZ data set. Furthermore it provided a list of suitable surrogate
SNPs for genotyping should the assay fail for the SNP initially selected.
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Figure 2.1 Linkage disequilibrium (LD) plot between SNPs of interest in the SLC2A9 gene in a Han
Chinese population (CHB). Each box shows the extent of LD between a single pair of markers. The
black boxes indicate strong LD (r2 = 1.0), the white boxes indicate no LD (r2 = 0), and the grey
boxes represent LD ranging from low through to moderate and high LD. Numbers inside these
boxes indicate the r2 value between marker pairs.

LD plots were also generated for SNPs in the NZ data sets using the actual genotype data.
Haploview was used in the same way as described for the HapMap LD plots to give the
actual LD patterns of the SNPs in SLC2A9 in the NZ Caucasian and Polynesian data sets.
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2.7 PCR-RFLP Primer Design

The polymerase chain reaction-restriction fragment length polymorphism (PCRRFLP) method of genotyping was used for several SNPs selected for analysis in this
study. This procedure involved designing PCR primers to amplify the target SNPcontaining DNA sequence and the use of restriction enzyme to cut the sequence in an
allele specific manner. The DNA sequence was obtained from the Ensembl website
and New England Biolabs cutter version 2.0 (http://tools.neb.com/NEBcutter2/) was
used to identify the presence of naturally occurring restriction sites in the sequence. A
restriction fragment is a fragment of polynucleotide that has been generated by a
restriction endonuclease that cleaves the DNA sequence at a specific recognition site
that is typically 4-8 nucleotides long. If there was a natural allele specific cut site in the
sequence, as there was for rs2280205, rs2276961 and rs7322591 then forward and
reverse primers were designed to encompass the enzyme cut site (Table 2.2). Where
there was an absence of a natural allele specific restriction site, as with rs6820230, a
normal forward primer and a forced reverse primer which substitutes the T in the
original sequence for a G were designed to create an allele specific enzyme cut site.
Rs2280205 was genotyped by PCR-RFLP using an assay designed by former lab member,
Xin Xu. This SNP had been genotyped across the older samples by former lab members
Xin Xu and Jade Hollis-Moffatt. Assay details are also described in table 2.2(165).

PCR-RFLP primers for three SNPs (rs2276961, rs6820230 and rs2280205) were designed
using the online Oligo Calculator program (http://www.pitt.edu/~rsup/OligoCalc. html).
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The primers sequences were checked for self-complementary structures such as hairpin
formation and self-annealing and the GC content and melting temperatures were also
calculated. Primers were ordered from Sigma-Aldrich, Australia at 0. μM desalt in a
lyophilized form. Stocks with a concentration of 00ng/μl were stored at -20°C while the
working solutions were diluted to 0ng/μl.

2.8 Designing Sequencing Primers

The minor allele frequency for the non-synonymous SNP, rs7322591 was low in the 1000
genomes frequency data obtained from Ensembl (MAF=0.017 in EUR). To investigate
whether or not this SNP was polymorphic in the NZ sample set, a small sample containing
both Caucasian and Polynesian participants had the small region of DNA encompassing
this variant sequenced. PCR primers were designed to amplify this region for sequencing.
A forward and a reverse rs7322591 sequencing primer were designed as described in table
2.2 for the PCR-RFLP primers.
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Table 2-2 PCR-RFLP and Sequencing Primer Details
SNP

Forward Primer Sequence

Reverse Primer Sequence

Enzyme
(Restriction site)

Expected PCR
Products

rs2280205

CCTGTGCCTTAAAGGACCTTATG

CTCTCTGCTCATTCTTTCCTG

MSPI (C^CGG)

AA: 227bp
AG: 227,151,76
GG:151,76bp

rs2276961

GAGCATGCCAAGTCACACAGATGGA

CACTGAGACCCATGGCAAGGAAACA

MspI (CC^GG)

TT: 344bp
TC: 334bp, 255bp,
79bp
CC: 255bp, 79bp

rs6820230

CACTCTACAATCCCCATGGCTCCTTC

GACCGAGGAGAAGATGAAGAAAGTGATTCC

BSTU1 (GC^GC)

TT: 229bp
CT: 229,198,31
CC:198,31bp

rs7322591

CTGGTAGCAGGCCATGGTGACAATCA

CAGCCAGCTGGGTGATGTTGAGCAAAT

NA

427bp
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2.9 Preparation of DNA Plates

To each well of a 9 well plate, μl of DNA was added followed by 0μl of mineral oil to
avoid evaporation during the PCR process.

2.10 Gradient PCR

Firstly the PCR protocol was optimized by trialing different concentrations of magnesium
and gradually increasing the annealing temperature. A standard reaction mix containing the
PCR primers, 10X buffer (made in house, consisting of 100 mmol/L TRIS pH8.3 and
500mmol/L KCl), 4mM dNTPs, Taq Polymerase 1unit/μl and DNA (8ng/μl) was made up.
The volumes of 50mM Mg2+ and ddH2O were varied across four reactions to give four
different concentrations of Mg2+(2mM, 3mM, 4mM and 5mM) and final volumes of 15μl.
Then gradient PCR was carried out to determine the optimal annealing temperature.

For each different Mg2+ concentration, 15μl of master mi was added to each of twelve
wells in a plate and centrifuged at 1000rpm for 1 minute. Samples were amplified at
different annealing temperatures using a thermocycler (Eppendorf Mastercycler, New
South Wales, Australia or MJ Research, Global Medical Instrumentation Inc, Minnesota,
USA) with a 96-sample gradient block that increased the annealing temperature step at
1.25°C increments.
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The gradient PCR Thermocycler programme is described in table 2.3. The annealing
temperature range was adjusted according to the melting point of each set of primers
undergoing optimization.

Table 2-3 Gradient PCR Thermocycler Program

Step

Program

Temp

Time

1

Pre incubation

94°C

4 minutes

2

Denaturing

94°C

30 seconds

3

Annealing gradient

50-65°C

30 seconds

4

Extension

72°C

30 seconds

Repeat step 2-4 - 35 times

5
6

Extension

72°C

2 minutes

End

7

2.10.1 Gel electrophoresis of primer titrations

Agarose gel electrophoresis was used to visualize the PCR products. For this, a 3.5% w/v
agarose gel in 1x TBE (Tris Borate EDTA) buffer was used. Ethidium bromide (20mg/ml)
was added to the buffer to allow the DNA bands to be detected under UV light. 6x gel
loading dye which contains 40% w/v sucrose, 0.25% w/v bromophenol blue and 0.25% w/v
xylene cyanol was used during the loading of the DNA into the agarose wells. 2μl of
loading dye was added to each sample prior to loading. The gel was then placed in the
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electrophoresis chamber submerged in 1x TBE and run at 150V for between 45 and 50
minutes depending on the size of the PCR product. Bands were visualized under UV light
using Gel Doc Imager 3, Bio-Rad Laboratories Inc, USA. The most prominent band on the
gel with no visable non-specific bands indicates the optimal Mg2+ concentration and
annealing temperature (Fig 2.2).

Figure 2.2 Example of PCR optimization shows 12 samples for each Mg2+ concentration run on an
electrophoretic gel after undergoing PCR with a set annealing temperature ranging from 50°C65°C. For the primer set shown above (rs2280205), the Mg2+ concentration of 2mM and the
annealing temperature of 60°C was selected for use in the PCR-RFLP genotyping of this variant.

2.11 PCR-RFLP

Once the magnesium concentration and the annealing temperature were chosen using the
optimization process, PCR-RFLP was carried out on the NZ gout case control sample set
for each SNP of interest.
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2.11.1 PCR for the genotyping of the NZ sample set

DNA samples were plated out as described in section 2.9 and 10μl of PCR master mix was
added to each sample. The master mix was made using the components and volumes
described in Table 2.2 with the e clusion of the μl of titrating DNA. Plates were spun at
1000rpm for 1 minute and then put into the thermocycler to undergo the PCR program
described in Table 2.3 with the appropriate annealing temperature selected.

2.11.2 Restriction fragment length polymorphism (RFLP)

For the detection of allele specific restriction sites, a restriction digest with the selected
enzyme was carried out on each DNA sample after the PCR had been performed. The
restriction enzymes used in this study and the required digest conditions are shown in Table
2.4. Restriction enzymes were purchased from New England Biolabs, Ipswich, USA.

Table 2-4 Reaction Conditions and Storage of Restriction Enzymes used in this Study
Enzyme

Restriction Site

Buffer
for 100%

Activation
Temperature

Inactivation
Temperature

Storage conditions

BstuI

‟...CG^CG...3‟

NEB 4

60 °C for 2
hours

NA

50 mM NaCl,10 mM
Tris-HCl, 1 mM
DTT, 0.1 mM EDTA,
200 μg/ml BSA, 0%
glycerol, Stored at 20°C

NEB 2, 4

37 °C
overnight

65°C for 20
min

10 mM Tris-HCl, 50
mM KCl, 1 mM
DTT, 0.1mM EDTA,
200mg/ml BSA, 50%
glycerol, Stored at 20°C

3‟...GC^GC... ‟

MspI
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A restriction enzyme unit (U) = 1 unit of restriction enzyme will completely digest 1μg of
substrate DNA in a 0μl reaction in 0 minutes. Restriction enzyme was added to the
amplified DNA and incubated at the temperature specified in Table 2.4. The restriction
enzyme mi ture was prepared according to Table 2. . 10μl of reaction mi ture was added
to the PCR product and incubated for the appropriate time and suitable temperature for that
enzyme.
Table 2-5 Restriction Digest Master Mix components per Reaction
1x 5,000U/ml

1x 10,000U/ml

1x 20,000U/ml

1x 100,000U/ml

Enzyme(ul)

0.3

0.15

0.075

0.015

Buffer(ul)

2.5

2.5

2.5

2.5

ddH2O

7.2

7.35

7.425

7.485

Total

10

10

10

10

Once this reaction had taken place, the digested products were visualised by gel
electrophoresis as shown in Fig 2.3. 10ul of digested PCR product was mixed with 2ul of
loading dye and loaded onto an agarose gel. Gel electrophoresis was used to separate the
DNA fragments by size. Genotypes were called for each sample based on the observed
bands and entered into a haploped file (a file that was adapted for individual use from a
master haploped file containing sample information and DNA box position) for each of the
DNA boxes in the gout case-control sample set. To improve the reliability of the
genotyping, the Hardy Weinberg Equilibrium for each 96-well DNA box was calculated
using the SHEsis web tool (http://analysis2.bio-x.cn/myAnalysis.php) and quality control
(QC) boxes were also genotyped. QC boxes were created by taking a representative
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selection of samples from each DNA box along with a haploped file containing sample
position. This was to ensure genotyping was consistent and accurate and there were no
DNA plate inversions. Partial digestion of samples can cause data set results to deviate
from Hardy Weinberg Equilibrium.

1 2

3

Figure 2.3 Gel picture of a PCR-RFLP assay for rs2280205 in the Gout 4 DNA box. Genotypes
were determined by the migration of bands through the gel. 1=Homozygous for allele 2, 2=
Heterozygous, and 3= Homozygous for allele 1.
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2.12 Sequencing of rs7322591 across a small mixed Caucasian and
Polynesian sample set

Sequencing primers for rs7322591 were designed and the PCR reaction optimized as
described in sections 2.8 and 2.10. PCR was carried out on a sample set of 24 containing a
mixture of Caucasian and Polynesian gout cases and controls. One exception to the process
was that no oil was added to the plates for the primer titrations and PCR. Instead, the
quantities of all the reagents were doubled in case some evaporated in the absence of oil.
Furthermore, the PCR program was changed to prevent evaporation by turning on the lid
heater and raising the lid temperature to 103°C. Half the amount of PCR product was run
on a gel while the rest was put aside for ethanol precipitation and sequencing.

2.12.1 Ethanol Precipitation

Once a portion of the PCR product had been run on an agarose gel to confirm the
successful amplification of the desired region of DNA, 10ul of the PCR product was
transferred to a 1.5ml eppendorf followed by 40ul of PCR purification mix. PCR
purification mix was made as described in Table 2.6.
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Table 2-6 PCR Purification Mix Reagents

Reagent

Volume

95% ethanol

31.25ul

3M sodium acetate

1.5ul

Distilled H2O

7.25ul

Total

40ul

Samples were vortexed for 2 minutes and incubated at room temperature for 30 minutes.
They were then centrifuged at 3.2rpm for 45 minutes. The pellet was washed with 75ul of
70% w/v ethanol and air dried at room temperature overnight. The dry pellet was then
resuspended in 20ul of water and mixed gently.
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2.12.2 Using a nanodrop spectrophotometer

A nanodrop spectrophotometer was used to measure the concentration of DNA in each
sample to allow it to be diluted to the correct concentration for the sequencing reaction. A
sharp peak at 260nm is indicative of DNA. The DNA concentration in each of the 24
samples ranged from 5.51-22.70 ng/ul. Of these, 20 samples with a concentration >10ng/ul
were selected for sequencing.

2.12.3 Sequencing reaction setup

The DNA samples were first diluted to 4ng/ul in a 10ul volume of solution. The nanodrop
results along with the formula C1V1=C2V2, (where C1= concentration of sample, C2=
required concentration, V1= required volume and V2= ?) were used to achieve this. Once
the required volume of DNA sample had been calculated, the reaction solutions were made
up to 10ul by adding water. Further calculations were carried out to obtain the required
DNA concentration for sequencing of 1ng/100bp/ul. Samples were sequenced at the
University of Otago, using the ABI 3730xl DNA Analyser. The resulting sequences were
analysed using four peaks software, and genotypes were called at rs7322591 for each
sample.
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2.13 Sequenom Mass Array Genotyping

rs73225891, rs11934363, rs1976792, rs6811287, rs6449144, rs10008035, rs5028843,
rs13124007 and rs6850166 were genotyped using Sequenom technology (Sequenom, Inc.
San Diego, CA, USA) which enables high-throughput multiplexed SNP genotyping. The
MassARRAY system is widely used for genetic testing of SNP panels of interest and
combines the benefits of simple and accurate primer extension chemistry with MALDITOF mass spectrometry to quickly and cost effectively genotype DNA samples with a high
level of reproducibility
(http://www.sequenom.com/Sites/GeneticAnalysis/Applications/SNP-Genotyping). A panel
of selected SNPs was sent away for genotyping by Sequenom MassArray in Brisbane
Australia in collaboration with Dr Grant Montgomery at Queensland Institute of Medical
Research along with surrogate SNPs which were in complete LD with the SNPs of interest
in case an assay could not be designed. Mass Array genotyping for all SNPs selected for
this study was successful with the exception of rs6850166 which failed design for
Sequenom MassArray genotyping after two attempts and was therefore not included in this
study.

2.14 Genotyping of SNPs by TaqMan® Assay

*For those SNPs where PCR-RFLP assays were problematic or genotyping data was
wanted quickly, TaqMan® pre-designed SNP genotyping assays were used. These SNPs
included rs4302456, rs3733591, rs5028843, rs16890979 and rs11942223. This assay is
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highly sensitive, allowing accurate genotyping of SNPs. All assays are designed to work
under universal reaction conditions (Applied Biosystems, 2006) and were ordered from
Perkin-Elmer Corp., Applied Biosystems (http://www.appliedbiosystems.com). The
lightcycler 480 version 15 machine (Roche Applied Science, Indianapolis, USA) was used
for the TaqMan® assays.

TaqMan® assays use two fluorogenic probes (6FAM dye-MGB labelled probe and VIC
dye-MGB labelled probe) where VIC dye is linked to the ′ end of the allele 1 probe and
FAM dye is linked to the ′ end of the allele 2 probe. The TaqMan® probe is designed
specifically for each SNP, which is located between two PCR primers. The probe has a
melting temperature 10°C higher than that of the primers. While the probe is intact, the
quencher remains in close proximity to the fluorophore, eliminating the signal of the
flurophore. When the allele-specific probe is exactly complementary to the SNP allele
during the PCR amplification step, it will bind to the target DNA strand and be degraded by
the ′-nuclease activity of the Taq polymerase as it extends the DNA from the PCR
primers. The separation of the reporter from the quencher results in a signal emission. This
process is illustrated in Fig 2.4. Accumulation of PCR product is detected by measuring the
increase in fluorescence of the reporter dye (FAM and VIC). Genotype is determined by
quantifying each signal released, indicating which allele(s) of the target region is present in
the sample. The ABI Prism 7900HT sequence detection system (Applied Biosystems,
Foster City, CA, USA) monitors the 384 reactions for each cycle without removing any
sample. After 40 cycles, all data for quantitative analysis are stored in a Simple Data
Storage (SDS) file.
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Figure 2.4 Summary of TaqMan® Genotyping Assay showing the binding of the allele specific
probe to DNA, followed by the cleaving of the reporter from the quencher by Taq polymerase to
emit a fluorescent signal which is detected. Koch WH. Technology platforms for pharmacogenomic
diagnostic assays. Nature reviews Drug discovery. 2004, Fig 1 (166)
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2.14.1 Taqman assay protocol

2ul of 8ng/ul genomic DNA was loaded into 384-well PCR plate. DNA samples were dried
down in the plates at room temperature in a plastic bag to avoid contamination. TaqMan®
master mix (Table 2.7) was made up for the 384 samples.

Table 2-7 TaqMan® Master Mix components

Reagent

Volume per reaction (μl)

2x Taqman universal PCR master

2.73

40x SNP assay

0.07

ddH2O

0.20

Total

3.00

A commercial 2X TaqMan® Universal CR Master Mi contains ′ nuclease (DNA
polymerase) and optimized buffer. 3ul of master mix was added to each sample in the 384well plate. The plate was covered with optical adhesive seal (Roche Applied Science, USA)
and centrifuged at 1000rpm for 1 minute. The plate was then placed into the Lightcycler
machine (LightCycler 480 or ABI 7900HT systems) from Applied Biosystems to be
analysed according to the manufacturer’s protocol. The TaqMan® assay cycling protocol is
provided in Table 2.8.
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Table 2-8 40 Cycles of the ABI 7900HT for Taqman Assay

Steps

Temp.

Time

No. of Cycles

Pre incubation

50 ºC

2min

1

Activation

95 ºC

15min

1

Cycling

95 ºC

0.25min

40

60 ºC

1min

60 ºC

1sec

61 ºC

increment

40 ºC

0.5min

Melting

Cooling

Continuous to 95 ºC

1

2.14.2 TaqMan® cluster plot

A SNP auto-caller automatically determines genotypes, and generates a visual
representation of the genotyping results in the form of a cluster plot as shown in Fig 2.5.
The data were analyzed using Lightcycler 480 software. Using the subset editor tool, each
plate was divided into its DNA box subset (usually 4 DNA boxes per 1 Lightcycler plate).
Results for genotyping by TaqMan® assay, as well as the PCR-RFLP results were recorded
in a haploped file.
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Figure 2.5 Example of a cluster plot generated by the TaqMan® assay for rs3733591 in gout box 8
samples. The green triangles represent samples homozygous for the Y allele (homozygous minor in
this case), the red triangles depict the heterozygotes and the blue triangles show the samples
homozygous for the X allele (in this case the major allele). The pink diamond represents a sample
with an unknown genotype. This is either automatically or manually called when a sample fails to
cluster tightly with any genotype group and no reliable genotype can be given for this sample. The
grey circles are negative samples where no fluorescence has been detected. These are likely blanks
in the DNA plate and this can be confirmed when results are entered into a haploped file containing
the positions of blank samples.
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2.15 Genotyping Data Entry into Haploped File

A master haploped file containing sample information such as box position, sample ID,
gout affection status and ancestry details, was created by the Merriman Lab staff. This file
was adapted by all lab members to record their genotyping information, as shown in Fig
2.6. The file helped to ensure correct and consistent genotyping calling of SNPs across the
gout case-control sample set.

Figure 2.6 An example of the haploped file containing sample information for genotyping data
storage. The blanks in the DNA boxes were included as a quality control to check whether box
genotypes have been entered in the correct place and orientation. Here, it can be seen that the zeros
in the genotyping line up with the blanks in the plate. The alleles for each SNP were recorded as
either 1 or 2 which correspond to either an A,T,C or G as specified at the top of the SNP columns.
The position of the sample in the DNA box is given in the first three columns and the affection status
refers to whether the sample is a gout case (2) or a control (1).
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2.16 SHEsis for checking Hardy-Weinberg Equilibrium

The web-based platform SHEsis (http://analysis2.bio-x.cn/myAnalysis.php) was used to
check the Hardy-Weinberg equilibrium (HWE) for each DNA box genotyped (167). The
HWE law states that allele and genotype frequencies should be consistent from generation
to generation in a large, random-mating population where there is no mutation, selection or
migration. This is useful for detecting genotyping errors in association studies. Deviations
from HWE could be suggestive of problems with assays or calling of genotypes for that
particular box of samples. A HWE p-value >0.05 was ideal, meaning the SNP was
considered to be in HWE. However, in the presence of genuine disease association,
deviations from HWE are not unusual in case sample sets. If the HWE p-value was <0.05,
then the DNA plate was repeated. If the repeat was consistent with the original genotyping,
it was included in the study. Further reasons for deviation from HWE can include mutation
selection, small population size, non-random mating, genetic drift and meiotic drive. Allele
frequencies were also compared to HapMap and 1000genomes frequencies.

2.17 BC|SNPmax

BC|SNPmax (provided by Biocomputing Platforms Ltd at http://www.bcplatforms .com/) is
a database which is useful for the management and analysis of large amounts of SNP
genotyping data and clinical phenotype data. Furthermore, SNP quality information, marker
maps, pedigrees and analysis results can be stored in the database.
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2.17.1 Uploading SNP genotypes onto BC|SNPmax

SNP genotyping was uploaded onto BC|SNPmax by adding genotypes to the genotype
template files created by the Merriman lab staff and uploading to a new data set. The files
were created as demonstrated in Table 2.9.

Table 2-9 Example of multiple SNP genotype file for BC|SNPmax upload
PATIENT

rs2280205

rs2280205

rs2276961

rs2276961

rs6820230

rs6820230

G5001

G

A

C

T

C

T

G5003

G

A

C

T

C

T

G5004

A

A

T

T

C

C

G5005

G

A

C

T

C

T

G5006

G

G

C

T

C

T

G5007

G

G

C

T

C

T

G5008

G

A

C

T

C

T

Four complete files named Caucasian gout cases, Caucasian controls, Māori and Pacific
Island gout cases and Māori and Pacific Island controls were uploaded to BC|SNPmax as in
Fig 2.7.
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Figure 2.7 Uploading of genotype files by opening the appropriate data set under the genotypes tab
on BC|SNPmax and uploading the individual files.

2.17.2 Affection data sets used in these analyses

Affection files were created for each of the sample sets by Merriman lab staff (Amanda
Phipps-Green, Ruth Topless and Tanya Flynn). These files contain the gout affection status
(1 = does not have gout, 2 = has gout) of a group of samples of similar ancestry. Files for
use in urate or T2D analyses contained the relevant phenotype information (measure of
serum urate (mmol/L) and T2D affection status (1 = no T2D, 2 = T2D)). Files were also
created to remove confounders from the gout and urate analyses as described in section
2.22 of the methods. Affection datasets used in this study are shown in Table 2.10.
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Table 2-10 BC|SNPmax data sets used in this Study
Group No.

Data set

1

<mccru29p> Caucasian Gout with post 2009 controls
<mccru29p> Western Polynesian Gout with RA controls
<phiam73p> Mixed EP/WP Gout Cases and Controls
<mccru29p> FHS Gout Cases and Controls -imputed

2

<phiam73p> EP/N (excl AT07) High Ancestry
<phiam73p> EP/Z (excl AT07) Low Ancestry
<mccru29p> ARIC Gout Family Removed Pedigree

3

<flyta734> EP/N High (includes AT07)
<flyta734> EP/Z Low (includes AT07)
<mccru29p> ARIC Caucasian Primary Gout and Controls AFFSTAT

4

flyta734> Caucasian (Males Only)
<flyta734> East Polynesian/High (Males Only) includes AT07
<flyta734> East Polynesian/Low (Males Only) includes AT07
<flyta734> West Polynesian (Males Only)
<flyta734> East/West Polynesian (Males Only)
<flyta734> FHS Generation 3 (Males Only)
<flyta734> ARIC Caucasian UA Samples (Males Only)

5

<mccru29p> ARIC Phenotypes Dataset Updated June 2012
<mccru29p> FHS Generation 3 June 2012
<flyta734> NZ Covariate Phenotypes

6

<mccru29p> ARIC CAUCASIAN samples for Uric Acid Quantitative Analysis
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1. The Caucasian and West Polynesian gout case-control affection data sets were created by
Mrs Topless (Assistant Research Fellow) of the Merriman lab. These data sets contained all
of the Caucasian gout cases and controls that were available for analysis as of 2012 and the
WP cases and controls including rheumatoid arthritis boxes as controls. The FHS gout
cases and controls data set was also created by Mrs Topless. This data set contained all of
the unrelated Caucasian FHS gout cases and controls, did not take medication for
hypertension or have kidney disease. The mixed EP/WP gout cases and controls data set
was created by Mrs Phipps-Green (Assistant Research Fellow) of the Merriman lab and
contained samples of mixed EP and WP ancestry. The data sets in group 1 were used for
the association analysis of all SNPs with gout in this study.

2. The EP high ancestry and EP low ancestry data sets excluding AT07 controls were
created by Mrs Phipps-Green as detailed in section 2.2.1. These data sets were created prior
to the AT07 control DNA box being ready for analysis. The ARIC gout family removed
pedigree data set was created by Mrs Topless and contained ARIC Caucasian gout cases
and controls with related individuals removed. The data sets in group 2 were analysed for
the panel of selected non-synonymous SNPs (rs2280205, rs2276961, rs6820230,
rs4302456, rs3733591, and rs16890979) as well as for rs11942223.

3. The EP/N and EP/Z data sets including AT07 were created by Miss Flynn (PhD student)
in the same way as the EP data sets created by Mrs Phipps-Green but with the inclusion of
AT07 control samples. The ARIC Caucasian primary gout case-control data set was made
by Mrs Topless with just the primary gout cases (defined as Caucasian, not related, no
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kidney disease and no diuretic medication use) as well as all ARIC Caucasian control
samples. The affection data sets in group 3 were analysed for all of the remaining selected
SNPs (non-synonymous SNPs) in this study. Additionally, rs16890979 and rs11942223
were reanalysed in these data sets for inclusion in the haplotype analysis of the HollisMoffatt, 2009 SNPs (20).

4. The NZ, ARIC and FHS males only affection data sets were created by Miss Flynn from
the original data set files but with the removal of the female participants. These data sets
were used during the analyses of rs13124007.

5. The three phenotype data sets in this group were created by Mrs Topless and Miss Flynn
and contain an array of phenotypic information not limited to the affection status of gout
for the ARIC, FHS and NZ samples. Phenotype data sets included clinical data useful for
this study such as serum urate measurements, dietary information (e.g. sugar-sweetened
beverage consumption) and T2D affection status. Affection data sets were selected from
these phenotype data sets using the subject selection option on BC|SNPmax. The phenotype
data sets were used for gene-environment interaction analyses where sugar-sweetened
beverage consumption information was required, as well as for uric acid analyses and
analyses where covariates were included.

6. The ARIC affection data set of samples for urate quantitative analysis was made by Mrs
Topless and contained just the ARIC samples for uric acid analysis. This data set contained
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only Caucasian controls who were not related, did not take diuretics or urate lowering
medication and did not have kidney disease, all of which could confound the urate analyses.
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Statistical Analysis
2.18 Statistical analysis using SHEsis

The web-based platform SHEsis (http://analysis2.bio-x.cn/myAnalysis.php) that was used
to check the HWE of genotyped DNA boxes (described in section 2.16) was also used to
perform simple case-control association analyses with gout and the ns-SNPs in this study
(Fig 2.8) (167).

Figure 2.8 Case-control association analysis of ns-SNPs with gout in the NZ data sets was
performed in SHEsis by selecting the single site analysis option, entering the number of sites (no. of
SNPs), listing the rs numbers of the SNPs and pasting in the case and control genotypes with a
reference column.

The following output was given by SHEsis and pasted into an excel file (Fig 2.9). The
calculated odds ratios were checked for consistency by making sure that if the minor allele
is under-represented in cases, the OR is <1 and if the minor allele is over-represented in
cases, the OR is >1. This allowed odds ratios to be easily analysed and compared as they all
referred to the minor allele, with an odds ratio of >1 indicating a susceptible effect of the
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minor allele and an odds ratio of <1 suggesting the minor allele was having a protective
effect.

Figure 2.9 Shesis output of case-control association analysis of ns-SNPs with gout in EPz.

Haplotype analysis, firstly for the ns-SNPs, excluding rs16890979 and secondly for the
Hollis-Moffatt et al haplotype SNPs (rs11942223, rs5028843 and rs16890979) was also
carried out using SHEsis (168). Haplotype analysis was performed as described in Fig 2.9.

96

Figure 2.10 Haplotype analysis of multiple SNPs was carried out in the same way as the
association analyses, however this time the haplotype analysis option rather than single site
analysis was chosen as shown.
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The SHEsis output for the haplotype analysis of the individual NZ gout data sets was as
shown below (Fig 2.11). This data was sorted to allow comparisons between populations to
be made easily and haplotypes which had a frequency of less than 0.03 in all populations
were excluded from association analysis.

Figure 2.11. SHEsis output for the haplotype analysis of EPz.

2.19 Association Analysis in NZ Gout Data Set using PLINK version 1

Association analyses were performed using PLINK (169) version 1 software which had
been integrated into the BC/SNPmax database (Fig 2.12). This allowed easy comparison of
SNP allele and genotype frequencies in gout cases to that of the controls and calculated the
odds ratios and p-values for SNPs in the Caucasian and Polynesian data sets. In the analysis
archive, the GWAS folder was opened and the PLINK case–control association analysis
option was selected. The run title, affection dataset and marker (SNP rs number or
1000genome compatible chromosome position) were entered. Filtering options were also
modified, with a p-value greater than 0 and a missing genotype rate of less than 1 specified.
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After the type of test had been selected and the run completed, the results were found under
tools in the result archive.

Figure 2.12 Association analysis of rs2280205 in NZ Caucasian in PLINK.

The Cochran-Armitage trend test was selected initially, to provide the genotype counts in
affected and unaffected individuals for a particular SNP in the chosen data set. This
analysis provided the data as follows for the selected SNP and population data set.
A1 = minor allele (based on whole sample), A2 = major allele, TEST = type of test (GENO,
TREND, ALLELIC, DOM, REC) Use TREND, AFF = genotypes/alleles in cases, UNAFF =
genotypes/alleles in controls, CHISQ = chi-squared statistic, DF = degrees of freedom for
test and the P-value.
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Secondly, the basic allelic test was selected for each SNP in each population data set, which
provides the basic association analysis results as follows.
A1 = major allele, F_A = frequency of A1 in cases, F_U = frequency of A1 in controls, A2
= minor allele, CHISQ = basic allelic test chi-square (1df), P-value for this test, OR =
estimated odds ratio for A1, SE = Standard Error, L95 = lower limit of Confidence Interval
and U95 Upper limit of Confidence Interval.

2.20 Extracting ARIC and FHS SNP Data from BC|SNPmax

The SNPmax database allowed easy storage and access to genotyping data from the FHS
and ARIC datasets. These datasets were downloaded from online databases and uploaded to
SNPmax. Basic epidemiological information for the FHS gout and ARIC cohort was
already on file in the Merriman lab, however additional files containing further ARIC and
FHS phenotype information were downloaded from online databases and uploaded to
SNPmax by Merriman Lab Assistant Research Fellow, Ruth Topless. If a SNP of interest
had not been genotyped in either the ARIC or FHS data sets, it was imputed prior to
performing analyses.
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2.21 Imputation of SNPs

SNPs which had not been directly genotyped in either the ARIC or FHS data sets were
imputed on BC|SNPmax using IMPUTE version 1 software. This provided the framework
for testing untyped variants for association with phenotypes. Imputation involves the use of
a reference panel of SNP haplotypes to infer the allele and genotype frequencies of untyped
SNPs using LD pattern information from publically available databases (170). The 1000
Genomes panel of densely genotyped Caucasian individuals was used as a reference for the
imputation of genotypes in the FHS and ARIC data sets. The LD structure and haplotype
distributions of variants of interest were based on all 1000 Genome individuals regardless
of ethnicity. As a number of the SNPs of interest for this study had not been directly
genotyped in ARIC or FHS, the SLC2A9 gene region was imputed for both data sets.
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2.22 Interpretation of Statistical Values and Terms

P-value –Fisher’s -value was used to assess the statistical significance of a given test
result. A P-value <0.05 was considered statistically significant whereas >0.05 was defined
as non-significant in this study.
Odds Ratio (OR) –An OR of 1 indicates that the allele frequency in the case group is the
same as that in the controls. This suggests that there is no association with the tested
disease for this particular SNP. An OR > 1 shows that the minor allele is over-represented
in cases and therefore may be associated with susceptibility to development of the disease.
An OR <1 shows an under-representation of the minor allele in cases compared with
controls and could suggest that this allele has a protective effect against disease
development. An OR of 2 can be interpreted as the risk of disease is increased 2-fold when
exposed to the risk allele at a particular SNP.
95% Confidence Interval (95%CI) –A confidence interval is defined by the upper and
lower confidence limits, giving an estimated range of values for an unknown parameter
such as an OR. A confidence interval at the 95% level, means that 95% of the time, the
confidence interval will contain the true value of the estimated parameter.
Adjusting for Confounders –A confounding factor is a variable that correlates either
positively or negatively with both the dependent and independent variable. In this way, a
confounder can distort the association being studied between a variable and outcome due to
its strong association with both and could itself be the causative agent. By controlling for
confounders in the analyses, the effect of the risk factor in question on the outcome can be
assessed independently and this source of bias can be removed from disease studies.
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SNPmax affection data sets were created as described in 2.17.2 to remove confounders in
gout association analyses (controls related to cases, kidney disease, ethnicity and diuretic
medication). For serum urate analyses, gout cases were removed either through the use of
affection files created by Merriman lab staff or by adjusting by factors such as the use of
urate lowering medication, gout affection status and data set (if the analysis involved the
combining of data sets to increase power) using the statistical analysis software, STATA
version 8.0.
Limitations -The cutoff value for the level of significance of the P-value in these analyses
was set at 0.05 as described above. A significant finding defined as having a P value of
<0.05 is commonly used in scientific analyses. However, a higher threshold of 0.01 for the
level of significance could be more appropriate. A P-value of 0.05 suggests that for every
20 tests conducted, 1/20 tests would achieve the result as complete chance. Whereas a Pvalue of 0.01 would mean there was only a 1% chance of the result owing to chance and
would be more reliable. Comparisons to findings of previous studies would support the
reliability of results if similar trends were observed across data sets. Testing for association
in other sample sets would also improve the reliability of results.

2.23 QTL Haplotype Analysis on BC|SNPmax

A haplotype is a combination of alleles at different SNPs that are on the same chromosome
and are inherited together. In this study, haplotype analysis was used to analyse a set of
SNPs in high LD with each other, which can be used to increase the power to detect
association with disease as well as to aid identification of the most likely causal variant in a
103

block of SNPs (20). Haplotype analysis was also used to initially investigate the possibility
of SNP-SNP interaction between ns-SNPs in SLC2A9 and influence on serum urate control
and gout risk. Quantitative trait loci (QTL) haplotype analysis was performed on
BC|SNPmax in the ARIC uric acid data set using PLINK software. In the analysis archive
the GWAS folder was opened and the PLINK haplotypic QTL analysis was selected.

Figure 2.13 PLINK Quantitative trait loci (QTL) haplotype analysis of SLC2A9 ns-SNPs with uric
acid in the ARIC Caucasian data set.
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As shown above (Fig 2.13), the haplotypic QTL analysis was selected and given a run title
followed by the specification of subjects as the ARIC Caucasian samples for UA analysis
data (affection file group 6 as described in section 2.17.2 of methods). The ARIC
Phenotypes data set (affection file group 5 as described in section 2.17.2 of methods) was
chosen and the quantitative trait was set as URICACIDV1 (measure of serum uric acid in
mmol/L). Marker information and filtering was modified in the same way as in the basic
association analyses (2.19). The linear regression test was selected and the sliding window
option was chosen and the number of desired markers to be analysed at once was specified.
After the analysis had been run, the following output was obtained from the result archive
(Fig 2.10).

Figure 2.14 Example of QTL haplotype analysis output in BC|SNPmax.
NSNP = Number of SNPs in this haplotype, NHAP = Number of common haplotypes (threshold
determined by mhf, 0.01 default), CHR, BP and BP2 =ignore as marker map was not used, SNP1
= SNP = ID of left-most (5') SNP, SNP2 = SNP ID of left-most (3'), HAPLOTYPE = Haplotype, F
= Frequency in sample, BETA = Beta coefficient, STAT = Test statistic (T from Wald test) and P =
Asymptotic P-value.

The SNPs were then translated into their rs numbers from the chromosome positions given
in the results and haplotypes changed to allele numbers (1 or 2) to allow easy comparison
between the SU and gout haplotypes analyses.
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2.24 Meta-analysis

Meta-analysis is the statistical procedure of combining data sets to increase the overall
power of the study. Meta-analyses of each selected variant was carried out using
Intercooled STATA software version 8.0 (College Station, TX 77845, United States of
America). A combined P-value and OR for Mantel-Haenszel test were calculated for each
SNP and the Breslow-Day test for heterogeneity was used to estimate the difference
between data sets.

A text file for each meta-analysis was prepared using excel as shown in Table 2.11. The
information for the data sets was entered under the headings: trial number, trial name, year,
case1, control1, case0 and control0. Case1 is the number of minor alleles in the cases and
case0 is the number of major alleles in the cases. The same principle applies for control1
and control2 information except it is the number of alleles in the controls rather than cases.
Table 2-11 Example of an input file for meta-analysis in Caucasian
Trial
number

Trial name

Year

Case 1

Control 1

Case 0

Control 0

1

NZ Cau

2012

283

308

457

522

2

ARIC

2012

16

4587

45

389

3

FHS

2012

89

5895

105

3903

This file was imported into STATA and run through the Rmeta program. The command:
metan case1 control1 case0 control0, or random label(namevar=trial name) was given for
the random effects model. This model does not assume that all data sets come from a
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common population and that is that there is one true effect size shared by all included data
sets. Instead, the random effects allows for the true effect to vary from data set to data set.
STATA produced a meta-analysis output as shown in Fig 2.11 and Fig 2.12.

Figure 2.15 An example of a meta-analysis output where the P-value has been circled.

The meta-analysis graph shows the studies included in the analysis, in the study column.
The adjacent black boxes are a visual representation of the individual data sets and vary in
size depending on the % weight they contribute to the overall analysis. The higher the %
weight, the bigger the box will be and the larger the influence of that data set on the overall
OR. The line passing through the centre of the graph is known as the line of no effect and
has the value of 1. The horizontal lines through the boxes represent the 95% confidence
interval. The overall odds ratio and confidence interval is given at the bottom of the Odds
ratio column. The overall meta-analysis is represented by a diamond, with the middle of the
diamond being the overall OR and the width being the 95%CI. If the diamond does not pass
through the line of no effect, then the different between cases and controls is considered
significant.
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Figure 2.16 An example of a Caucasian meta-analysis graph for rs2280205, where the overall OR
is given for the three studies included in the analysis.

2.25 Logistic Regression

A logistic regression model was used as a primary step to investigate SNP-SNP interaction
between ns-SNPs in SLC2A9. These analyses were carried out using STATA software.
Initially, logistic regression analysis of each ns-SNP with another used as a covariate was
performed. Logistic regression analysis was also used to formally test for SNP-SNP
interaction between ns-SNPs. The input text files were created as shown in Table 2.12
using excel.

108

Table 2-12 Example of STATA input file for logistic regression analysis of ns-SNPs
affstat

rs2280205

rs2276961

rs6820230

rs4302456

0

1

1

1

0

0

3

2

2

0

0

2

3

2

0

0

1

2

2

0

0

1

2

2

0

1

2

2

2

1

1

2

2

2

1

The affection status was coded as 0 or 1, where 0 was a control and 1 was a gout case.
Genotypes were either coded as 1,2 or 3 (for homozygous major, heterozygous and
homozygous minor, respectively) or 1 and 2 (absence or presence of the minor allele,
respectively). For the test for SNP-SNP interaction using a logistic regression model, files
were created in a similar way, however Caucasian and Polynesian data sets were combined
in the files to increase the power to detect interaction. Furthermore, a data set column was
included and each data set was given a reference number. This allowed data set to be
adjusted for in the analysis, which could otherwise confound the results. The files were run
through the Rmeta program using STATA.
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2.25.1 Multiple logistic regression

For the initial analysis, multiple logistic regression analysis was used. A regression model
that included a different ns-SNP as a covariate, was constructed by entering the example
command line: xi:logistic affstat rs2280205 rs6820230.
This produced the output shown in Fig 2.13

Figure 2.17 Example of logistic regression of an ns-SNP of interest with another ns-SNP
incorporated into the model as a covariate. The row of results corresponding to rs2280205 showed
the logistic regression of rs2280205 while adjusting by rs6820230. The adjusted odds ratio and pvalue could be directly compared to the unadjusted OR and p-value of rs2280205. Where STATA
could not calculate the p-value, it was calculated in excel using the formula =2*(1NORMSDIST(3.5)).

Multiple logistic regression was also used in the same way as above, to investigate the
relationship between n SLC2A9 variant (rs4529048) and T2D while adjusting by serum
urate.
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2.25.2 Logistic Regression to test for SNP-SNP interaction

Secondly, a test for interaction was performed using a logistic regression model, with each
SNP treated as a categorical variable to investigate an overall relationship between SNPSNP interaction and gout. Caucasian and Polynesian sample sets were combined in order to
increase the power to detect interaction. EPz was analysed separately in this analysis
because of the high Caucasian admixture in this data set. When the two SNPs of interest
were entered as categorical variables (Fig 2.14), a new variable was generated by STATA.

Figure 2.18 Example of how ns-SNPs of interest are entered as categorical variables to generate a
new variable for analysis. This was carried out by selecting data from the tool bar, followed by the
create or change variables option, then other variable creation commands and lastly Interaction
expansion.
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The new variable was incorporated into the following command along with the outcome,
adjustors and SNPs to be tested: xi:logistic goutaffstatcau i.dataset rs2276961 rs6820230
_irs2xrs682_2. Data set was adjusted for in these analyses to account for bias that can arise
when combining data sets. An example of the results for this analysis is given in Fig 2.15.

Figure 2.19 Example of the STATA analysis results of the logistic regression of two SNPs and gout
to test for SNP-SNP interaction. The bottom row containing the new variable generated by STATA,
shows the OR and p-value for the interaction test.

To assess which alleles of SNPs may be interacting, for each combination of two ns-SNPs,
an additional analysis was carried out. To generate a new variable by combining the alleles
of two SNPs, the command: egen rs227-rs682 = group (rs2276961 rs6820230) was given.
Then the new variable was put into the command xi:logistic goutaffstatcau i.dataset
i.rs227rs682. The output for this analysis is shown in Fig 2.16.
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Figure 2.20 An example of the STATA output for the analysis of allele combinations of two ns-SNPs
and gout The bottom three rows contain the analysis results for the rs2276961 major and the
rs6820230 minor, the rs2276961 minor and the rs6820230 major, and the minor allele of both
SNPs, in descending order.

Features common to Figs 2.15 and 2.16 are described below:
1. Number of obs -the number of observations that were used in the analysis.
2. z and P>|z| -z-value and 2-tailed P-value used in testing the null hypothesis that the
parameter is 0. A P>|z| of <0.05 suggested significant interaction between the allele
combinations or between SNPs overall in the case of Fig 2.15.
3. Odd Ratios of >1 were considered susceptible and <1 were considered protective.
4. [95% Conf. Interval] - This shows a 95% confidence interval for the odds ratio.
5. LR chi2(5) -the likelihood ratio (LR) chi-square test.
6. Prob > chi2 -the probability of obtaining the chi-square statistic if the null hypothesis is
true. If the value of Prob>chi2 was <0.05 it suggests significant interaction between the two
SNPs. If Prob>chi2 was >0.05 it was inferred that there was no SNP-SNP interaction.
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2.26 Linear Regression for Serum Urate analysis

In the case of continuous variables, a linear regression model rather than logistic regression
was used to investigate the relationship between SLC2A9 variants and serum urate (SU).
This was carried out in the same manner as the logistic regression analyses described
above, however the command: regress suricacid rs4529048 was given to specify the linear
regression model and SU as the outcome. Multiple linear regression analysis was also
performed by adjusting by type 2 diabetes (T2D) affection status using the command line:
regress suricacid diabetes rs4529048. The following outputs were given for linear
regression analysis of an SLC2A9 variant and SU (Fig 2.17).
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Figure 2.21 Example of STATA linear regression output of the relationship between SLC2A9
variant, rs4529048 and SU. The top analysis shows the unadjusted results and the bottom shows the
effect of adjusting by T2D affection status.

The results of a linear regression analysis can be interpreted in much the same way as those
of the logistic regression. However, some differences include Prob >F which refers to the
probability of obtaining the F statistic if the null hypothesis is true. Similarly to the value of
Prob>chi2, if Prob >F was <0.05 it suggests significant interaction between the two SNPs.
Furthermore, a Beta-coefficient (coef.) is given rather than an OR. A positive Beta is
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considered increasing and a negative value is considered decreasing of urate by the minor
allele. P>[t] is interpreted in the same way as P>[z], with a value of <0.05 indicating a
statistically significant relationship between the two variables.

2.27 Logistic Regression to Test for Gene-Environment Interaction

A gene-environment interaction (GxE) between the ns-variants of SLC2A9 and sugarsweetened beverage (SSB) consumption was investigated for a role in gout development.
The data sets were combined to give a Caucasian data set consisting of NZ Caucasian and
ARIC samples, a Polynesian data set incorporating all of the individual NZ Polynesian data
sets and an overall data set with both Caucasian and Polynesian combined. Analyses were
performed using Intercooled STATA software version 8.0.

2.27.1 Logistic regression of SSB consumption unstratified and stratified
by genotype

A logistic regression model was used with SSB as a categorical variable consisting of two
groups. These were the groups initially used in the analysis that lead to the publication by
Batt et al (74). Group 1 contained participants who consumed less than 4 sugary drinks per
day and group 2 was made up of those who consumed 4 or more sugary drinks per day. A
series of logistic regression analyses were carried out for each ns-SNP in SLC2A9 to assess
the relationship between the variants and SSB consumption and their influence on gout risk.
Firstly, an unstratified analysis of SSB consumption with gout while adjusting by data set
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was performed using the command: xi: logistic goutaffstatcau i.dataset i.ssb. This produced
the following output (Fig 2.18), showing the relationship between gout and SSB regardless
of the genotype of SLC2A9 variants.

Figure 2.22 Example of an unstratified logistic regression analysis of SSB with gout. The row
corresponding to _Issb_2 shows the odds ratio and p-value for this relationship. The odds ratio of
2.24 for >4 SSB/day compared to <4 SSB/day indicates that increased SSB consumption increases
the risk of gout and that this relationship is statistically significant given the p-value of 0.035.

Next, the 4 or more SSB/day group was stratified by genotype with the command lines: xi:
logistic goutaffstatcau i.dataset i.ssb if rs2280205 ==1 and xi: logistic goutaffstatcau
i.dataset i.ssb if rs2280205 ==2. The following outputs show the relationship between SSB
consumption in the >4 SSB/day group if the genotype at rs2280205 is firstly homozygous
for the major allele, and secondly either heterozygous or homozygous for the minor
allele(Fig 2.19).
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Figure 2.23 Example of logistic regression of SSB consumption and gout if the genotype at
rs2280205 is homozygous for the major allele (top analysis) and heterozygous or homozygous for
the minor allele (bottom analysis).

Thirdly, logistic regression analysis of allele and SSB combinations was carried out. A new
combination variable was generated using data filtering in excel to divide the data sets into
groups based on the presence or absence of the minor allele of the variant being tested and
whether the participant consumes 4 or more SSB/day or less than 4 SSB/day. Data sets
were divided into four groups as follows:
1 = <4 SSB/day and absence of minor allele
2 = <4 SSB/day and presence of minor allele
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3 = >4 SSB/day and absence of minor allele
4 = >4 SSB/day and presence of minor allele
The files were then run through STATA using the command: xi: logistic goutaffstatcau
i.dataset i.ssballelecomb205. The following output was generated allowing comparisons to
be made between the amount of sugary drinks consumed daily and the genotype of the
SLC2A9 variant and their influence on gout development (Fig 2.20).

Figure 2.24 Example of logistic regression analysis of allele and SSB combinations for rs2280205.
_Issballel-2 corresponds to group 2 as described above, _Issballel-3 to group 3 and Issballel-4 to
group 4 as described above. Group 1 containing participants with an absence of the minor allele
and as well as drink less than 4 SSB/day was used as the reference group.
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2.27.2 Interaction terms between SSB consumption and ns-SNP
genotype

The interaction terms between SSB consumption and ns-SNP genotype were investigated
using a logistic regression model. SSB was analysed as a continuous variable defined as the
number of sugary drinks consumed per day. Each ns-SNP was treated a categorical variable
in the analyses and genotypes were divided into two groups of either presence or absence of
the minor allele. Similarly to the previous GxE analyses, data sets were combined to create
a combined Caucasian data set, a combined Polynesian data set and an overall combined
data set. Text files were generated in excel in the same format described in 2.25 but with
the inclusion of a continuous SSB data and a data sets column. The SNP of interest as a
categorical variable and SSB as a continuous variable, were entered similarly to the
description in Fig 2.14 to generate a new variable for analysis. The files were run through
STATA, given the command: xi: logistic goutaffstatcau i.dataset rs2280205 ssbcon
_irs2xssbco_2 (where _irs2xssbco_2 is the newly generated variable). The output assessing
the interaction terms between SSB consumption and ns-SNP genotype was given as shown
in Fig 2.21.
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Figure 2.25 Example of STATA output from logistic regression analysis of SSB consumption and
SNP genotype interaction terms. The _irs2xssbco_2 row shows the odds ratio and p-value for the
interaction analysis of SSB consumption and rs2280205 genotype. A p-value (P>[z]) of <0.05
would suggest there is statistically significant evidence for an interaction between this variant and
SSB consumption influencing gout risk..

2.28 Conditional Haplotype-based Association Analysis

A conditional haplotype-based association analysis using PLINK software can be used to
test whether SNPs of interest are having independent haplotypic effects on an outcome. The
aim of using this type of analysis in this study was to remove the effects of rs11942223
from gout and SU association analyses as this SNP is known to be strongly associated with
gout from previous studies.
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2.28.1 Conditional haplotype-based association analysis in gout

For binary disease traits such as gout, the test is based on a likelihood ratio test. The test
compares alternate to null models to equate the effects of haplotypes to provide a test for
whether the SNP in question is having an effect independent to that of the other SNP/SNPs
in the haplotypes. For this analysis, a Map file was created for each SNP, containing the
following columns:

Chromosome no.
SNP rs no.
Genetic distance (morgans) -but can use 0 for all
BP position (BP units)
Example:
4

rs2276961

0

10022981

4

rs11942223

0

9962765

Ped files were created for each SNP in each data set (NZ Cau, EPn, EPz, WP and EP/WP),
containing the following columns:

Family ID
Individual ID
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Paternal ID
Maternal ID
Sex (1 = male, 2= female, other = unknown)
Phenotype (1 = controls, 2 = cases, 0 = unknown)
SNP 1 allele 1
SNP 1 allele 2
SNP 2 allele 1
SNP2 allele 2

Example:
1

C1

0

0

2

1

A

A

C

C

2

C2

0

0

2

1

T

A

C

C

3

C3

0

0

1

1

A

A

C

C

4

C5

0

0

2

1

A

A

C

C

5

C6

0

0

2

1

T

A

C

C

6

C7

0

0

1

1

A

A

C

G

Files were created in excel as text files and then saved as a Map or Ped file using Text
Wrangler software. In this study, two SNPs were analysed at a time, one being the SNP of
interest and the other being rs11942223. The files were opened and analysed in Terminal
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using PLINK software. The command run for each analysis was: ./plink –ped (pedfilename)
–map (mapfilename) –hap-snps rs11942223-rs? –chap –independent-effect rs? –noweb –
out (filename).
The output for each analysis was provided as a chapter (chap) file as shown in Fig 2.22.

Figure 2.26 Example of a chap file produced by the haplotype-based association analysis of
rs2276961 conditional on rs11942223 genotype in a combined Caucasian data set.OR(A) = the OR
for the alternate hypothesis and OR(N) = the OR for the null hypothesis. The value for the
likelihood ratio test and the p-value indicate whether the SNP being tested is having an effect
independent to the effect of rs11942223. A non-significant p-value (>0.05) combined with a
significant P-value (<0.05) when initially tested for association with gout, would indicate that the
SNP in question has an independent effect on gout risk.

124

A low chi-square value and a P-value of >0.05 for this analysis, indicates that the effect of a
SNP of interest on gout is similar regardless of the allele at rs11942223. Therefore, a SNP
that in the basic association analysis has shown a statistically significant association with
gout, and has a non-significant P-value when testing for independent effect, is possibly a
variant of SLC2A9 that has an effect on gout development separate to the effect already
characterized at rs11942223.

2.28.2 Conditional haplotype-based association analysis of SU in ARIC

Haplotype-based association analysis conditional on rs11942223 was used in the ARIC
Caucasian data set as a comparison for the results obtained from this analysis in gout in the
NZ data sets. ARIC SU phenotype and SNP genotype data was exported from BC|SNPmax
and Ped and Map files were generated in the same way as the gout files. An F-statistic
comparison rather than a likelihood ratio test was used to test for independent effect. The Fstat and p-value for these analyses were interpreted in the same way as the chi-square and
P-value from the gout analyses (section 2.28.1).
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2.29 Buffer Preparation
10X TBE Buffer (pH 8.3)
107.78g TRIS (890 mM)
54.85g Boric acid (890 mM)
7.44g EDTA (20 mM)
Make up to 1 liter with distilled water

1X TE Buffer
1 ml of 1 mol/l TRIS pH7.5 (10 mM)
20 ul of 0.5 mol/l EDTA pH 8.0 (0.1 mM)
Make up to 100 ml with distilled water

1X NEB4 (pH 7.9) 50 mM
Potassium acetate
20 mM Tris-acetate
10 mM Mg-acetate
1 mM DTT
Stored at 25°C
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Chapter 3
3 Results Section 1
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Non-synonymous variants in SLC2A9 and Gout

Several non-synonymous SNPs (ns-SNPs) in SLC2A9 have been associated with serum
urate levels and gout in recent studies (128, 134, 135). A 3-dimensional model for the
structure of the SLC2A9 protein, has shown the positions of ns-variants to map to the ends
of the urate transporter channel (Fig 1.4, Merriman and Tyndall, unpublished). As depicted
in Table 3.1 and Fig 1.4, SLC2A9 ns-SNPs cluster around the entrance and exit to the
solute transport channel, mostly on the intracellular (top in Fig 1.4) side of the protein. This
suggests a possible influence on transport function. Given the positions and the close
physical proximity of some ns-SNPs to one another, a primary aim of this work was to test
the hypothesis that genetic interaction between these SNPs could contribute to the
association of SLC2A9 with gout.

Table 3-1 SLC2A9 Non-synonymous SNPs for analysis

SNP

Amino acid change

Rs2280205

p.Pro 321 Leu

Rs2276961

p.Gly 25 Arg

Rs6820230

Rs3733591

p.Ala 17 Thr
Synonymous SNP that is in complete LD with a copy number variant
(CNVR1820.1 loss 10001049 -10012579) according to the master CNV list
by Craddock et al (138)
p.Arg 265 His

Rs16890979

p Val 253 Ile

Rs73225891

p Asp 252 His

Rs4302456

Non-synonymous SNPs and the corresponding amino acid changes. All ns-SNPs except rs2276961
and rs6820230 are modelled in the 3D protein structure of SLC2A9 (Fig 1.4). These residues are
missing as they are positioned prior to the start point of the model sequence (S31 of SLC2A9
isoform 2 which is labeled on fig 1.4) rs4302456 is also not modelled in Fig 1.4 as it is a
synonymous variant that tags a CNV in SLC2A9.
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Seven non-synonymous SNPs (nsSNPs), rs2280205, rs2276961, rs6820230, rs4302456,
rs3733591, rs16890979 and rs73225891, three of which have been previously associated
with serum urate levels and gout (rs2280205, rs3733591 and rs16890979), were genotyped
in the NZ Caucasian and Western and Eastern Polynesian sample sets according to
Methods section 2.11 and 2.14. Demographic and clinical data from the participants is
summarised in Table 3.2. The East Polynesian (EP) sample set was further divided into
East Polynesian high ancestry (EPn) and East Polynesian low ancestry (EPz) for association
analysis (as described in Methods section 2.2.1.) Allele and genotype frequencies of the
seven nsSNPs were calculated in the five case-control sample sets. Within the NZ gout
case-control sample set, the gout cases were predominantly male (75.9 - 93.6%), whereas
the controls were comprised of an approximately 50:50 ratio of males to females. This is a
typical representation of the disease prevalence, with gout more commonly affecting men at
a ratio of 4:1 in ages <65 years (171). As expected, the number of subjects with a first
degree relative with gout is higher in the cases compared with controls, highlighting the
genetic component to gout risk. Furthermore, the grandparents have higher Polynesian
ancestry in the cases than controls (Mean ± 1SD grandparents of relevant ancestry = 3.033.72 for cases and 2.46-3.49 for controls) consistent with an increased genetic component
to gout in the Polynesian genome compared to Caucasian. The presence of population
stratification caused by differences in ancestry should be considered when interpreting
results of association analyses. This is because association of a variant with gout may just
be a reflection of the increased Polynesian ancestry in the case group, who have an overall
higher genetic predisposition to impaired uric acid excretion and gout. Another interesting
feature of these data is the increased prevalence of other health conditions including type 2
diabetes, hypertension, dyslipidaemia, cardiovascular and renal disease in gout cases,
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illustrating how gout is frequently accompanied by other medical problems. In particular,
metabolic disorder (characterised by obesity, insulin resistance, hypertension and abnormal
lipid levels), which occurs in greater than 60% of gout cases (57).
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Table 3-2 Demographic and Clinical data of Study Participants

% male
Mean ± 1SD grandparents of
relevant ancestry
Serum urate at recruitment, mmol/L
(mean, range)
Age of onset, years (mean, range)

Gout Mixed
EP/WP (19)
91.3

Gout EP
(240)
75.9

Gout WP
(251)
93.6

Gout Cau
(421)
86.6

Control Mixed
EP/WP (25)
53.3

Control EP
(349)
32.7

Control WP
(144)
56.9

Control Cau1
(638)
42.1

3.33 ± 0.83

3.03 ± 1.05

3.72 ± 0.58

4.00 ± 0.00

2.98 ± 0.84

2.46 ± 1.22

3.49 ± 0.86

4.00 ± 0.00

0.51 (0.41-0.67)

0.45 (0.190.76)
34.4 (14-80)

0.39 (0.130.69)
46.4 (10-83)

0.41 (0.22-0.67)

29.9 (19-57)

0.42 (0.170.70)
39.4 (14-74)

-

0.34 (0.150.58)
-

0.36 (0.250.57)
-

0.37 (0.130.52)
-

-

-

-

-

33 (18-80)

44 (17-85)

38 (17-86)

52 (17-95)

Age of recruitment, years (mean,
range)
Mean number of gout attacks in past
year
% first-degree relative with gout

7.8

10.4

13

6.5

-

-

-

-

61.9

61.1

53.5

42.5

23.1

31.4

23

13.6

Allopurinol treatment, %

76.2

78.7

80.1

74.2

-

-

-

-

Probenecid treatment, %

5.3

6.1

10.5

5.6

-

-

-

-

Body mass index (mean, range)

38.2 (27-38)

35.1 (22-66)

37.3(22-93)

30.4 (19-62)

34.3 (24-42)

32 (20-77)

34.7 (19-77)

27.8 (19-56)

Type 2 diabetes

23.8

27.5

15.9

15.1

6.7

9.5

12.0

6.6

Hypertension

55.0

62.2

44.5

48.0

20.0

16.3

17.5

13.8

Dyslipidaemia

55.0

57.2

53.4

48.7

14.3

12.1

12.2

15.6

Cardiovascular disease

20.0

35.1

15.5

36.4

0

3.2

8.0

6.1

Renal disease

30.0

28.4

16.7

20.0

0

1.6

1.0

2.2

Other conditions, %

1. Clinical data are from 133 of the Caucasian (those not genome-wide genotyped) sample set. EP = East Polynesian, WP = West Polynesian and Cau = NZ
Caucasian.
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3.1 Sequencing of rs73225891 in a sample of NZ cases and controls

The minor allele frequency of rs73225891 is low in Caucasian (3%) and appears to be
monomorphic in Asian populations. Prior to genotyping, this SNP was sequenced in a
sample of 20 individuals representing the NZ Caucasian and Pacific Island populations, to
assess whether or not it was polymorphic. One out of the 20 samples sequenced was
heterozygous at rs73225891, with both forward and reverse sequences supporting this (Fig
3.1). Based on these results, the minor allele frequency was estimated to be 0.025 (2.5%) on
average in the NZ populations. It was then genotyped across the entire case-control cohorts
using Sequenom Mass Array (refer to methods, section 2.13). Upon genotyping, it was
found that the actual minor allele frequency of rs73225891 was 0.02 in NZ Caucasian and
approximately 0.005 among the Polynesian sample sets with the EP/WP data set (along
with the EPz cases and WP controls) being monomorphic at this locus. An initial casecontrol association analysis was carried out for this SNP in the five NZ populations (Table
3.3). However, there was no evidence for an association of rs73225891 with gout in any of
the NZ Caucasian or Polynesian populations and given the very low minor allele
frequencies, this SNP was not included in any further analyses (OR = 0.893, P = 0.814 for
Caucasian and OR = 0.6791, P = 0.698 for EPn, P = 0.152 for EPz and P = 0.255 for WP
(odds ratios could only be deduced for the Caucasian and EPn populations and no P-value
could be calculated for the EP/WP data set as rs73225891 was monomorphic in the EP/WP
cases and controls)).

133

A

B

Figure 3.1 DNA Sequence results sample no. 15 (A) Forward sequence showing heterozygosity
(CG) at rs73225891 and (B) Reverse complementary sequence showing heterozygosity (GC) at
rs73225891, consistent with the forward sequence.
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Table 3-3 Association Analysis of rs73225891 with Gout in New Zealand case-control sample sets
Rs73225891

Cases

MAF

Controls

MAF

PHWE

Pgenotype

Pallele

OR [95%CI]

(SLC2A9)

GG

GC

CC

G

GG

GC

CC

G

NZ Cau

0 (0)

17 (0.040)

404 (0.960)

17 (0.020)

0 (0)

6 (0.045)

127 (0.955)

6 (0.023)

1.000

-

0.814

0.893 [0.348-2.288]

Epn

0 (0)

2 (0.011)

186 (0.990)

2 (0.005)

0 (0)

2 (0.016)

126 (0.984)

2 (0.008)

1.000

-

0.698

0.679 [0.095-4.853]

Epz

0 (0)

0 (0)

46 (1)

0 (0)

0 (0)

3 (0.044)

65 (0.956)

3 (0.022)

1.000

-

0.152

-

WP

0 (0)

3 (0.012)

246 (0.988)

3 (0.006)

0 (0)

0 (0)

107 (1)

0 (0)

1.000

-

0.255

-

Mixed EP/WP

0 (0)

0 (0)

19 (1)

0 (0)

0 (0)

0 (0)

11 (1)

0 (0)

1.000

-

-

-

Odds ratios could not be calculated in sample sets where the minor allele frequency (MAF) = 0. Genotypic P values could not be calculated for any sample set
due to the absence of homozygous minor individuals and the allelic P value for mixed EP/WP could not be given as the MAF = 0 in both cases and controls.
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3.2 Association of Non-synonymous SNPs in SLC2A9 with Gout in NZ
Caucasian and Polynesian

There was evidence for association of rs2280205 and rs6820230 with gout in NZ Caucasian
but not in the four Polynesian sample sets (Tables 3.4 and 3.5), where OR = 0.81, P = 2.0e-2
for rs2280205 and OR = 1.23, P = 3.7e-2 for rs6820230 in Caucasian. This association was
maintained in Caucasian meta-analyses (Fig 3.2A and 3.4A), which included NZ
Caucasian, as well as Caucasian samples from the Framingham Heart Study (FHS) and
Atherosclerosis risk in communities study (ARIC) gout case control cohorts (OR = 0.82, P
= 3.0e-3 for rs2280205 and OR = 1.17, P = 2.5e-2 for rs6820230). The Polynesian metaanalysis of rs2280205 (Fig 3.2B) showed a significant association of the minor allele with a
protective effect, consistent with the association seen in Caucasian (OR = 0.82 and P =
3.8e-2). For both rs2280205 and rs6820230 there is evidence of a significant association in
the total Caucasian and Polynesian combined meta-analyses (Fig 3.2C and 3.4C), with
rs2280205 showing a protective effect of the minor allele and the rs6820230 minor allele
conferring susceptibility to gout (OR = 0.82 and P = 2.7e-4, and OR = 1.20 and P = 7.0e-3
for rs2280205 and rs6820230 respectively). Rs4302456 showed evidence of association
with gout in the East Polynesian high ancestry sample set (OR = 1.37, P = 3.7e-2). The
association of rs4302456 is also seen in the Polynesian meta-analysis (Fig 3.5B, where OR
= 1.24 and P = 2.3e-2). There was no evidence for a significant association with gout in
Caucasian, however all three Caucasian data sets have odds ratios in a consistent
susceptible direction (OR = 1.07 and P = 3.4e-1 for the rs4302456 Caucasian meta-analysis,
Fig 3.5A). A combined Polynesian and Caucasian meta-analysis (Fig 3.5C) showed a
significant association of rs4302456 with gout, with the minor allele conferring
susceptibility (OR = 1.13 and P = 3.3e-2). There was evidence for an association with gout
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at rs3733591 in West Polynesian and also in the combined Caucasian and Polynesian metaanalysis (OR = 0.68, P = 1.3e-2 for rs3733591 in West Polynesian and OR = 0.86, P = 1.6e-2
for the combined meta-analysis, Fig 3.6C). EPz appears to be an outlier in the association
analyses of rs3733591 with a susceptible odds ratio (OR = 1.37 and P = 2.3e-1). Association
of rs16890979 with gout in NZ Caucasian and West Polynesian populations was evident
(OR = 0.58, P = 4.8e-6 in Caucasian, OR = 0.42, P = 4.3e-2 in West Polynesian for
rs16890979). Both Caucasian (Fig 3.7A) and Polynesian (Fig 3.7B) meta-analyses showed
a significant association of rs16890979 (OR = 0.63 P = 6.0e-8 for Caucasian, OR = 0.59 and
P = 2.3e-2 for Polynesian and OR = 0.62 and P = 4.4e-9 for Caucasian and Polynesian
combined). There was no evidence for a significant association of rs2276961 with gout in
any population or in the meta-analyses (Fig 3.3).
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Table 3-4 Association of nsSNPs with gout in Caucasian
SNP (Gene)

Cases

MAF

Controls

MAF

PHWE Pgenotype

Pallele

OR [95% CI]

Rs2280205 (SLC2A9)

GG

AG

AA

G

GG

AG

AA

G

FHS

18 (0.217)

41 (0.494)

24 (0.289)

77 (0.464)

1520 (0.229)

3337 (0.503)

1771 (0.267)

6377 (0.481)

0.438

0.897

0.659

0.933 [0.687-1.269]

ARIC

24 (0.157)

80 (0.523)

49 (0.320)

128 (0.418)

1582 (0.227)

3486 (0.500)

1899 (0.273)

6650 (0.477)

0.550

0.080

0.041

0.788 [0.626 - 0.991]

NZ Cau

72 (0.171)

222 (0.527)

127 (0.302)

366 (0.435)

149 (0.238)

311 (0.497)

166 (0.265)

609 (0.486)

0.665

0.03

0.020

0.812 [0.681-0.968]

Test of OR[95%CI]=0.82[0.73-0.94] : z= 2.99 p = 0.003: pHET = 0.668

Meta-analysis^
Rs2276961 (SLC2A9)

CC

TC

TT

C

CC

TC

TT

C

FHS

14 (0.169)

46 (0.554)

23 (0.277)

74 (0.446)

1366 (0.206)

3318 (0.501)

1944 (0.293)

6050 (0.456)

0.479

0.577

0.785

0.958 [0.704-1.304]

ARIC

25 (0.163)

81 (0.529)

47 (0.307)

131 (0.428)

1425 (0.205)

3446 (0.495)

2096 (0.301)

6296 (0.452)

1

0.464

0.409

0.908 [0.722 - 1.142)

NZ Cau

68 (0.164)

210 (0.506)

137 (0.330)

346 (0.417)

126 (0.201)

317 (0.505)

185 (0.295)

569 (0.453)

0.617

0.242

0.103

0.863 [0.723-1.030]

Test of OR[95%CI]=0.89[0.79-1.01] : z= 1.74 p = 0.081: pHET = 0.081

Meta-analysis^
Rs6820230 (SLC2A9)

CC

CT

TT

T

CC

CT

TT

T

FHS

41 (0.494)

36 (0.434)

6 (0.072)

48 (0.289)

3651 (0.551)

2488 (0.375)

489 (0.074)

3466 (0.261)

0.016

0.542

0.420

1.149 [0.820-1.611]

ARIC

81 (0.529)

56 (0.366)

16 (0.105)

88 (0.288)

3734 (0.536)

2715 (0.390)

518 (0.074)

3751 (0.270)

0.289

0.233

0.473

1.096 [0.853 - 1.408]

NZ Cau

191 (0.457)

197 (0.471)

30 (0.072)

257 (0.307)

335 (0.533)

254 (0.404)

40 (0.064)

334 (0.266)

0.082

0.056

0.037

1.228 [1.012-1.628]

Meta-analysis^

Test of OR[95%CI]=1.17[1.02-1.35] : z= 2.24 p = 0.025: pHET = 0.773
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Rs4302456 (SLC2A9)

TT

TC

CC

C

TT

TC

CC

C

FHS

37 (0.446)

38 (0.458)

8 (0.096)

54 (0.325)

3486 (0.526)

2644 (0.399)

498 (0.075)

3640 (0.275)

0.927

0.332

0.146

1.274 [0.9185-1.766]

ARIC

85 (0.556)

56 (0.366)

12 (0.078)

80 (0.261)

3911 (0.561)

2642 (0.379)

414 (0.059)

3470 (0.249)

0.581

0.519

0.620

1.067 [0.825 - 1.381]

NZ Cau

206 (0.509)

170 (0.420)

29 (0.072)

228 (0.281)

305 (0.499)

270 (0.442)

36 (0.059)

342 (0.280)

0.018

0.628

0.937

1.008[0.827-1.228]

Test of OR[95%CI]=1.07[0.93-1.23] : z= 0.96 p = 0.339: pHET = 0.486

Meta-analysis^
Rs3733591 (SLC2A9)

CC

CT

TT

T

CC

CT

TT

T

FHS

57 (0.687)

24 (0.289)

2 (0.024)

28 (0.169)

4450 (0.671)

1934 (0.292)

244 (0.037)

2422 (0.183)

0.068

0.822

0.642

0.908 [0.603-1.366]

ARIC

107 (0.699)

37 (0.242)

9 (0.059)

55 (0.180)

4514 (0.648)

2198 (0.315)

255 (0.037)

2708 (0.194)

0.732

0.075

0.523

0.9084 [0.676-1.220]

NZ Cau

281 (0.679)

124 (0.300)

9 (0.022)

142 (0.171)

417 (0.656)

196 (0.308)

23 (0.036)

242 (0.190)

0.842

0.373

0.277

0.881[0.701-1.107]

Test of OR[95%CI]=0.89[0.76-1.05] : z= 1.33 p = 0.183: pHET = 0.984

Meta-analysis^
Rs16890979 (SLC2A9)

CC

CT

TT

T

CC

CT

TT

T

FHS

57 (0.687)

21 (0.253)

5 (0.060)

31 (0.187)

3931 (0.593)

2306 (0.348)

391 (0.059)

3088 (0.233)

0.019

0.188

0.161

0.756 [0.5107-1.119]

ARIC

109 (0.712)

40 (0.261)

4 (0.026)

48 (0.157)

4166 (0.598)

2460 (0.353)

342 (0.049)

3144 (0.226)

0.450

0.032

4.34e-3

0.639 [0.468-0.871]

NZ Cau

313 (0.745)

92 (0.219)

15 (0.036)

122 (0.145)

368 (0.608)

200 (0.331)

37 (0.061)

274 (0.226)

0.007

2.83e-5

4.76e-6

0.580 [0.4591-0.7338]

Meta-analysis^

Test of OR[95%CI]=0.63[0.53-0.74] : z= 5.42 p = 5.96e-8: pHET = 0.521
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Table 3-5 Association of nsSNPs with Gout in Polynesian
SNP (Gene)

Cases

MAF

Controls

MAF

PHWE

Pgenotype

Pallele

OR [95% CI]

Rs2280205
(SLC2A9)
NZ EP(n)

GG

AG

AA

G

GG

AG

AA

G

68 (0.356)

94 (0.492)

29 (0.152)

230 (0.602)

74 (0.398)

89 (0.478)

23 (0.124)

237 (0.637)

0.662

0.602

0.322

0.862 [0.642-1.157]

NZ EP(z)

11 (0.224)

24 (0.490)

14 (0.286)

46 (0.469)

43 (0.269)

83 (0.519)

34 (0.212)

169 (0.528)

0.783

0.543

0.309

0.790 [0.502-1.244]

NZ WP

98 (0.394)

122 (0.490)

29 (0.116)

318 (0.639)

66 (0.468)

64 (0.454)

11 (0.078)

196 (0.695)

0.261

0.255

0.110

0.775[0.567-1.060]

NZ EP/WP

8 (0.421)

9 (0.474)

2 (0.105)

25 (0.658)

11 (0.440)

12 (0.480)

2 (0.080)

34 (0.680)

0.741

0.958

0.827

0.905 [0.370-2.216]

Test of OR[95%CI]=0.82[0.68-0.99] : z= 2.07 p = 0.038: pHET = 0.959

Meta-analysis^
Rs2276961
(SLC2A9)
NZ EP(n)

CC

TC

TT

C

CC

TC

TT

C

14 (0.074)

66 (0.347)

110 (0.579)

94 (0.247)

14 (0.075)

64 (0.344)

108 (0.581)

92 (0.247)

0.167

0.997

0.999

1.0 [0.718-1.393]

NZ EP(z)

5 (0.102)

29 (0.592)

15 (0.306)

39 (0.398)

17 (0.109)

76 (0.487)

63 (0.404)

110 (0.353)

0.173

0.417

0.415

1.214 [0.761-1.935]

NZ WP

48 (0.194)

127 (0.512)

73 (0.294)

223 (0.450)

35 (0.248)

71 (0.504)

35 (0.248)

141 (0.500)

0.761

0.375

0.176

0.817[0.609-1.095]

NZ EP/WP

1 (0.053)

14 (0.737)

4 (0.211)

16 (0.421)

2 (0.080)

17 (0.680)

6 (0.240)

21 (0.420)

0.005

0.901

0.992

1.004 [0.427-2.360]

Test of OR[95%CI}=0.95[0.78-1.15] : z= 0.55 p = 0.580: pHET = 0.534

Meta-analysis^
Rs6820230
(SLC2A9)
NZ EP(n)

CC

CT

TT

T

CC

CT

TT

T

166 (0.878)

22 (0.116)

1 (0.005)

24 (0.063)

166 (0.897)

18 (0.097)

1 (0.005)

20 (0.054)

0.366

0.836

0.843

1.186[0.644-2.187]

NZ EP(z)

31 (0.633)

16 (0.327)

2 (0.041)

20 (0.204)

104 (0.667)

48 (0.308)

4 (0.026)

56 (0.179)

0.817

0.818

0.584

1.172 [0.663-2.073]

NZ WP

227 (0.923)

19 (0.077)

0 (0.000)

19 (0.039)

137 (0.965)

5 (0.035)

0 (0.000)

5 (0.018)

1

0.098

0.103

2.241[0.828-6.070]

NZ EP/WP

12 (0.632)

7 (0.368)

0

7 (0.184)

21 (0.875)

3 (0.125)

0

3 (0.062)

1

0.061

0.080

3.387[0.812-14.123]

Meta-analysis^

Test of OR[95%CI]=1.38[0.95-2.01] : z= 1.72 p = 0.086: pHET = 0.393
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Rs4302456
(SLC2A9)
NZ EP(n)

TT

TC

CC

C

TT

TC

CC

C

45 (0.246)

104 (0.568)

34 (0.186)

172 (0.470)

69 (0.377)

84 (0.459)

30 (0.164)

144 (0.393)

0.396

0.024

0.037

1.367[1.019-1.833]

NZ EP(z)

23 (0.469)

18 (0.367)

8 (0.163)

34 (0.347)

75 (0.487)

69 (0.448)

10 (0.065)

89 (0.289)

1

0.098

0.277

1.307 [0.806-2.120]

NZ WP

79 (0.321)

131 (0.533)

36 (0.146)

203 (0.413)

53 (0.379)

64 (0.457)

23 (0.164)

110 (0.393)

0.397

0.359

0.591

1.086[0.805-1.465]

NZ EP/WP

10 (0.526)

4 (0.211)

5 (0.263)

14 (0.368)

13 (0.520)

10 (0.400)

2 (0.080)

14 (0.280)

0.085

0.174

0.378

1.5[0.608-3.701]

Test of OR[95%CI]=1.24[1.03-1.50] : z= 2.28 p = 0.023: pHET = 0.707
CC
CT
TT
T

Meta-analysis^
Rs3733591
(SLC2A9)
NZ EP(n)

CC

CT

TT

T

98 (0.527)

73 (0.392)

15 (0.081)

103 (0.277)

78 (0.438)

83 (0.466)

17 (0.096)

117 (0.329)

0.733

0.239

0.128

0.782[0.570-1.074]

NZ EP(z)

24 (0.522)

15 (0.326)

7 (0.152)

29 (0.315)

79 (0.568)

50 (0.360)

10 (0.072)

70 (0.252)

0.365

0.264

0.234

1.368[0.816-2.293]

NZ WP

68 (0.283)

117 (0.487)

55 (0.229)

227 (0.473)

28 (0.214)

57 (0.435)

46 (0.351)

149 (0.569)

0.152

0.035

0.013

0.680[0.503-0.921]

NZ EP/WP

9 (0.474)

8 (0.421)

2 (0.105)

12 (0.316)

7 (0.304)

16 (0.696)

0 (0.000)

16 (0.348)

0.160

0.102

0.757

0.865[0.347-2.159]

Test of OR[95%CI]=0.84[0.63-1.12] : z= 1.18 p = 0.238: pHET = 0.152
CC
CT
TT
T

Meta-analysis^
Rs16890979
(SLC2A9)
NZ EP(n)

CC

CT

TT

T

181 (0.958)

7 (0.037)

1 (0.005)

9 (0.024)

174 (0.941)

11 (0.059)

0 (0.000)

11 (0.030)

0.230

0.371

0.616

0.796 [0.326-1.944]

NZ EP(z)

37 (0.771)

11 (0.229)

0 (0.000)

11 (0.115)

113 (0.706)

42 (0.263)

5 (0.031)

52 (0.163)

1

0.392

0.251

0.690[0.333-1.336]

NZ WP

241 (0.964)

9 (0.036)

0 (0.000)

9 (0.018)

132 (0.930)

8 (0.056)

2 (0.014)

12 (0.042)

0.026

0.106

0.043

0.415[0.173-0.999]

NZ EP/WP

17 (0.895)

2 (0.105)

0

0

19 (0.760)

6 (0.240)

0

0

1

0.251

0.276

0.407 [0.077-2.142]

Meta-analysis^

Test of OR[95%CI]=0.59[0.38-0.93] : z= 2.28 p = 0.023: pHET = 0.716

Test for association in NZ Pacific Island and Caucasian populations and in combined population meta-analyses, where Cau = Caucasian, EPn = East Polynesian low ancestry, EPz
= East Polynesian low ancestry, WP = West Polynesian and EP/WP = mixed East Polynesian/ est olynesian. A value ≤ 0.0 indicates a significant association with gout.
N.B. the minor allele for rs2280205 is the most common allele in 3/4 of the Pacific Island populations. For consistency, the G allele is considered the minor allele throughout,
using the allele frequency of Caucasian controls as the reference to define the minor and major allele.
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A

B

C

Figure 3.2 rs2280205 meta-analyses of (A) Caucasian, (B) Polynesian
and (C) Caucasian and Polynesian populations combined. Combined Pvalue=2.73e-4
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A

B

C

Figure 3.3 rs2276961 meta-analyses of (A) Caucasian, (B) Polynesian and
(C) Caucasian and Polynesian populations combined. Combined P=value
= 0.078.
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A

B

C

Figure 3.4 rs6820230 meta-analyses of (A) Caucasian, (B) Polynesian and
(C) Caucasian and Polynesian populations combined. Combined P-value =
0.007.
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A

B

C

Figure 3.5 rs4302456 meta-analyses of (A) Caucasian, (B) Polynesian and
(C) Caucasian and Polynesian populations combined. Combined P-value =
0.033.
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A

B

C

Figure 3.6 rs3733591 meta-analyses of (A) Caucasian, (B) Polynesian and
(C) Caucasian and Polynesian populations combined .Combined P-value =
0.016.
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A

B

C

Figure 3.7 rs16890979 meta-analyses of (A) Caucasian, (B) Polynesian and
(C) Caucasian and Polynesian populations combined. Combined P-value =
4.36e-9.
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3.3 Linkage Disequilibrium (LD) Structure of nsSNPs in SLC2A9

The nsSNPs were chosen because they were not in strong LD with one another or with the
SLC2A9 variant, rs11942223, which had already been shown to be strongly associated with
gout in the New Zealand sample sets, with the exception of rs16890979 which had been
analysed despite being in moderate LD with rs11942223 in the majority of Caucasian and
Polynesian sample sets analysed (r2 ranged between 20 and 71 in the Caucasian and
Polynesian populations analysed as described below) (20). Because of the LD between
rs16890979 and rs11942223, the association of rs16890979 with gout would need to be
tested conditional on the effects of rs11942223. Furthermore, rs16890979 was excluded
from the ns-SNP haplotype analyses to allow relationships between ns-SNPs to be
investigated without the effect of rs11942223 complicating the interpretation. Linkage
disequilibrium (LD) plots (Fig 3.8) showing the LD structure between the nsSNPs in
SLC2A9 and rs11942223 were constructed using Haploview. The LD plots demonstrated
that with the five NZ populations, there were differing patterns of LD structure. With the
exception of rs16890979, none of the nsSNPs were in high LD with each other or with
rs11942223, with r2 < 46 between these SNPs in all populations. The extent of linkage
disequilibrium between rs16890979 and rs11942223 varied between each population (r2 =
20 in WP, 44 in EP/WP, 54 in EPn, 68 in EPz and 71 in Cauc).
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A

B

C

D

E
Figure 3.8 Linkage Disequilibrium (LD) plots
showing the LD structure (displayed as r2
values) between SNPs in SLC2A9 in (A) NZ
Caucasian, (B) EPn, (C) EPz, (D) WP and (E)
mixed EP/WP, generated using Haploview.
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3.4 Gout Haplotype Analysis

To initially investigate the hypothesis that part of the association at SL2A9 could be
explained by the genetic interaction of non-synonymous variants within the gene, a
haplotype analysis (Table 3.6) was carried out with five markers (rs2280205, rs2276961,
rs6820230, rs4302456 and rs3733591). Rs16890979 was not included with the aim to
remove the effects of the variant rs11942223 as they are in moderate LD with each other.
Across the five population cohorts, there is evidence of protective and susceptibility
haplotypes, particularly in the Caucasian data where there are four haplotypes that appear to
be associated with gout (11111, 11221, 21211 and 22121). The haplotype, 11111, appears
to provide protection against gout in Caucasian and the odds ratio trends in a consistent
direction in the East Polynesian low ancestral sample set (OR = 0.517 and P = 3.11xe-4, and
OR = 0.63 and P = 3.6e-1 in Caucasian and EPz respectively). The 11111 haplotype was
present at very low frequencies in the other Polynesian populations. However, there was
consistent overrepresentation of this haplotype in controls throughout all data sets
consistent with the protective effect observed in Caucasian. 21211 is over-represented in
gout cases in Caucasian, and the East Polynesian groups and this association is significant
in Caucasian (OR = 3.24, P = 1.23e-5). The relatively common haplotype, 22121, shows
evidence of a positive association with gout in Caucasian, East Polynesian (n) and West
Polynesian populations (OR = 1.38 and P = 0.01, OR = 1.43 and P = 0.04, OR = 1.54 and P
= 0.03 for NZ Cauc, EPn and WP, respectively). The haplotype, 11211, appears to be
associated with gout in West Polynesian but none of the other four Polynesian populations
show evidence of a significant association with gout (P = 0.01 in WP and OR could not be
calculated because the minor allele frequency = 0 in controls). However, the only other
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population with West Polynesian involvement also has a strong susceptible odds ratio for
11211 (OR = 5.29, P = 0.13 in mixed EP/WP). This haplotype was not found in any of the
West Polynesian controls that were genotyped. Overall, gout haplotype analysis indicated a
possible interaction between SLC2A9 SNPs in Caucasian. This analysis suggested that
allele 2 (T allele) of rs6820230 was acting as the critical marker to make rs2280205 allele 2
haplotypes susceptible in Caucasian (OR = 3.243, P = 1.23x10-5 for 21211 in Caucasian).
Further analyses were undertaken to investigate the possibility of genetic interaction
between rs2280205 and rs6820230.
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Table 3-6 Haplotype Analysis of rs2280205, rs2276961, rs6820230, rs4302456, rs3733591
Case(freq)

Control(freq)

Fisher's p

Odds Ratio [95%CI]

638 controls &
421 cases
observed
11111

43.67(0.056)

113.10(0.097)

3.1e-4

0.517 [0.360~0.744]

11112

2.85(0.004)

11.35(0.010)

-

-

11121

2.20(0.003)

29.50(0.025)

-

-

11122

0.00(0.000)

1.33(0.001)

-

-

11211

165.48(0.212)

203.54(0.175)

0.129

1.197 [0.949~1.510]

11221

20.65(0.026)

49.25(0.042)

0.040

0.581 [0.345~0.981]

12111

37.36(0.048)

66.32(0.057)

0.253

0.787 [0.520~1.189]

12112

16.10(0.021)

32.55(0.028)

-

-

12121

39.38(0.050)

40.13(0.034)

0.132

1.412 [0.900~2.216]

21111

19.01(0.024)

38.73(0.033)

0.184

0.687 [0.393~1.199]

21112

22.29(0.029)

21.74(0.019)

-

-

NZ Cau

-5

3.243 [1.862~5.647]

21211

41.23(0.053)

18.76(0.016)

1.2e

22111

124.05(0.159)

199.42(0.171)

0.218

0.856 [0.668~1.097]

22112

79.63(0.102)

125.56(0.108)

0.424

0.885 [0.657~1.193]

22121

141.68(0.182)

153.59(0.132)

0.012

1.382 [1.075~1.778]

187 controls &
191 cases
observed
11111

6.48(0.018)

7.40(0.022)

0.086

-

11112

33.14(0.094)

47.70(0.139)

-

0.661 [0.412~1.062]

11121

0.00(0.000)

0.76(0.002)

0.218

11122

17.53(0.050)

11.13(0.033)

0.397

1.613 [0.749~3.477]

11211

7.01(0.020)

10.54(0.031)

-

0.660 [0.251~1.737]

11221

6.88(0.020)

0.24(0.001)

0.987

12111

80.12(0.228)

80.55(0.236)

0.751

0.997 [0.697~1.426]

12112

26.52(0.075)

28.86(0.084)

0.574

0.915 [0.527~1.588]

12121

26.71(0.076)

22.98(0.067)

-

1.181 [0.661~2.111]

21111

0.00(0.000)

1.32(0.004)

-

21112

0

0

0.200

21211

6.04(0.017)

2.25(0.007)

0.509

2.637 [0.566~12.283]

22111

11.74(0.033)

15.13(0.044)

0.012

0.770 [0.353~1.677]

22112

4.05(0.012)

14.89(0.044)

0.037

0.264 [0.087~0.799]

22121

109.94(0.312)

85.96(0.251)

0.086

1.433 [1.022~2.012]

EPn
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EP(z)
162 controls &
49 cases
observed
11111

4.91(0.053)

21.79(0.086)

0.362

0.627 [0.228~1.724]

11112

6.22(0.068)

16.03(0.064)

0.809

1.126 [0.431~2.945]

11121

0

0

-

11122

2.06(0.022)

1.33(0.005)

-

11211

10.78(0.117)

35.09(0.139)

0.701

0.866 [0.416~1.804]

11221

2.36(0.026)

0.00(0.000)

12111

6.87(0.075)

28.25(0.112)

0.370

0.672 [0.280~1.610]

12112

1.88(0.020)

13.82(0.055)

0.199

0.377 [0.080~1.766]

12121

4.92(0.054)

11.26(0.045)

0.663

1.274 [0.428~3.786]

21111

2.09(0.023)

5.48(0.022)

-

-

21112

2.99(0.032)

0.67(0.003)

0.015

13.311 [1.612~109.918]

21211

3.60(0.039)

8.21(0.033)

0.708

1.272 [0.359~4.508]

22111

4.55(0.049)

21.28(0.084)

0.322

0.593 [0.209~1.685]

22112

14.86(0.161)

29.77(0.118)

0.218

1.530 [0.775~3.020]

22121

21.66(0.235)

53.25(0.211)

0.481

1.230 [0.691~2.190]

142 controls &
251 cases
observed
11111

8.91(0.019)

6.90(0.028)

-

11112

68.93(0.151)

48.34(0.193)

0.106

0.714 [0.473~1.076]

11121

0

0

11122

62.83(0.137)

44.34(0.177)

0.117

0.713 [0.466~1.090]

11211

14.43(0.032)

0.00(0.000)

0.008

1877.706
[112.917~31224.482]

11221

0.00(0.000)

1.26(0.005)

-

12111

83.70(0.183)

40.95(0.164)

0.612

1.114 [0.735~1.687]

12112

35.59(0.078)

24.42(0.098)

0.314

0.757 [0.440~1.303]

12121

4.49(0.010)

5.30(0.021)

-

-

21111

4.17(0.009)

2.90(0.012)

-

-

21112

39.11(0.085)

21.20(0.085)

0.952

0.983 [0.564~1.714]

21211

0.00(0.000)

1.70(0.007)

-

22111

9.63(0.021)

3.32(0.013)

-

-

22112

1.96(0.004)

3.22(0.013)

-

-

22121

110.56(0.241)

42.31(0.169)

0.034

1.538 [1.031~2.293]

WP
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Mixed EP/WP
25 controls & 19
cases observed
11111

0

0

11112

3.00(0.079)

7.41(0.168)

0.246

11121

0

0

-

11122

0.00(0.000)

1.99(0.045)

0.192

-

11211

4.00(0.105)

1.00(0.023)

0.132

5.287 [0.787~35.532]

11221

0

0

-

12111

8.00(0.210)

16.01(0.364)

0.149

12112

4.00(0.105)

0.00(0.000)

0.024

12121

0.00(0.000)

3.59(0.081)

0.077

21111

0

0

-

21112

3.00(0.079)

4.58(0.104)

0.732

21211

0.00(0.000)

1.00(0.023)

-

22111

0

0

-

22112

0

0

-

22121

9.00(0.237)

5.40(0.123)

0.150

0.437 [0.105~1.818]

0.480 [0.176~1.313]
0.766 [0.166~3.538]

2.344 [0.721~7.624]

Loci chosen for hap-analysis: rs2280205, rs2276961, rs6820230, rs4302456, rs3733591 (all those
with a frequency <0.03 have been ignored in analysis).
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3.5

Serum Urate Haplotype Analysis

As the Caucasian haplotype analysis results showed evidence of a number of potentially
interesting associations, the analysis was extended to investigate the association of these
haplotypes with serum urate (SU) levels in Caucasian cases and controls from the ARIC
cohort (Table 3.7). Association of variants with SU and gout has previously been studied in
the ARIC data set by Yang and colleagues (109). Here haplotype analysis allows nonsynonymous SNPs in SLC2A9 to be examined in more detail in this data set. There was no
evidence of association between haplotype 11221 and SU in the ARIC cohort, which had
looked to provide protection against gout (Beta coefficient = -0.001017, P = 0.29).
Evidence for an association with SU was found in a consistent direction to the association
with gout for 22121 and 11111. 22121 appeared to be a haplotype associated with an
increased risk of gout and high serum urate levels, and 11111 showed evidence of having a
protective effect on gout and serum urate levels (beta coefficient = 0.0130, P = 1.26e-9 for
22121 and beta coefficient = -0.0211, P = 5.47e-16 for 11111). In contrast, 21211 showed
contradiction between the gout and SU data, by showing association with susceptibility to
gout, yet decreasing SU levels (beta coefficient = -0.0168 and P = 3.9e-5). This did not
seem to support the suggestion of genetic interaction between rs2280205 and rs6820230
and gout risk in the gout haplotype analysis. Two additional haplotypes showed evidence of
association with SU levels that did not appear to be associated with gout. Of these
haplotypes, the association of 21111 with SU was in a consistent direction to the odds ratio
for gout. In contrast, the gout association results for 22111, were trending in an opposing
direction to the association seen with SU (beta coefficient = -0.02064, P = 9.17e-5 for 21111
and beta coefficient = 0.009097, P = 5.14e-4 for 22111).
155

Table 3-7, ARIC Caucasian SU Haplotype Analysis
NZ Caucasian
Gout Control(freq)

Fisher's p

Odds Ratio
[95%CI]

Beta (ARIC SU
haplotypes
analysis)

P value

11221

49.25(0.042)

0.040

0.581
[0.345~0.981]

-0.01017

0.287

11211

203.54(0.175)

0.129

1.197
[0.949~1.510]

-0.0003213

0.871

21211

18.76(0.016)

1.23e-5

3.243
[1.862~5.647]

-0.01675

3.9e-05

21112

21.74(0.019)

-

-

-0.007656

0.203

12112

32.55(0.028)

-

-

0.001615

0.764

22112

125.56(0.108)

0.424

0.885
[0.657~1.193]

0.003807

0.120

12121

40.13(0.034)

0.132

1.412
[0.900~2.216]

0.006583

0.119

22121

153.59(0.132)

0.012

1.382
[1.075~1.778]

0.01299

1.26e-9

11111

113.10(0.097)

3.11e-4

0.517
[0.360~0.744]

-0.02111

5.47e-16

21111

38.73(0.033)

0.184

0.687
[0.393~1.199]

-0.02064

9.17e-5

12111

66.32(0.057)

0.253

0.787
[0.520~1.189]

-4.243e-5

0.992

22111

199.42(0.171)

0.218

0.856
[0.668~1.097]

0.009097

5.14e-4

Haplotype markers are in the following order:
rs2280205, rs2276961, rs6820230, rs4302456, rs3733591.
Beta and P value of haplotype analysis of SU levels in the ARIC Caucasian cohort with OR,
Fisher’s and haplotype fre uencies of NZ Caucasian gout controls shown for comparison. At the
time this work was conducted, PLINK software did not include computation of 95% confidence
intervals for haplotype associations.
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3.6 Logistic Regression

To further investigate the potential for genetic interaction between nsSNPs in SLC2A9
having a role in gout etiology, a logistic regression was performed using STATA software,
in which each SNP was tested for association while sequentially adjusted by the effects of
the other variants (Tables 3.8-3.13). This gave an adjusted odds ratio and P value for each
variant when each of the other SNPs was used as a covariate in the analysis. In the
Caucasian dataset, rs2280205, rs2276961 and rs6820230 all showed instances where the
evidence of association of these SNPs with gout appeared to increase in significance when
one of the other variants was used as a covariate (Table 3.8-3.10). rs2280205 showed
moderate increased association withrs6820230 as a covariate (OR = 0.68, P = 2.24e-04).
This was supported by the reverse analysis, where rs6820230 adjusted by rs2280205 was
more strongly associated with susceptibility to gout than when analysed alone (OR = 1.51
and P = 4.65e-04). However, when rs11942223 was used as a covariate in the analysis of
rs2280205 and rs6820230, the significance was removed (OR = 0.92 and P = 0.31, OR =
1.21 and P = 0.07 for rs2280205 and rs6820230, respectively). This indicates that perhaps
the observed effect of rs2280205 and rs6820230 is mediated via rs1194223. An association
at rs2276961 became significant when rs6820230 was a covariate (OR = 0.58, P = 9.42e06

). Although, when analysed with rs11942223 as a covariate, again the significance was

removed (OR = 1.02 and P = 0.84). Rs4302456 (Table 3.11) showed evidence of
association with gout (OR = 1.37, P = 0.04) in the East Polynesian low ancestry population
and the strength of association was not changed remarkably by the inclusion of any of the
SNPs as covariates. Including rs16890979 or rs1192223 as a covariate, only slightly
diminished the strength of association of rs4302456 in this population (OR = 1.39, P = 0.04
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and OR = 1.39, P = 0.04, respectively). This supports an association of rs4302456 with
gout independent of rs16890979 and rs11942223 in East Polynesian. The direction of
association is consistent between the Polynesian populations, with the minor allele trending
toward conferring an increased risk of gout in all cases and adjusting by rs16890979 does
not substantially alter the odds ratios in the other three Polynesian sample sets. Significance
was not reached in any population beyond EPn, except in the case of rs4302456 with
rs3733591 as a covariate in EPz, where borderline significance is reached (OR = 1.81, P =
0.05). rs3733591 was significantly associated with gout in West Polynesian and with
rs16890979 or rs11942223 (Table 3.12) as a covariate in logistic regression analysis the
odds ratios were modestly more protective (OR = 0.77, P = 0.03 and OR = 0.67, P = 0.01
when adjusting by rs16890979 and rs11942223, respectively) A similar effect was seen in
Caucasian with the association of rs3733591 becoming significant with rs16890979 or
rs11942223 as a covariate (OR = 0.77, P = 0.03 for both rs16890979 and rs11942223).
These findings provided evidence for an independent association of rs3733591 with gout
risk. Rs16890979 appeared to be associated with gout in Caucasian and West Polynesian.
However, with rs11942223 as a covariate the significance is removed in both sample sets
(OR = 0.97, P = 0.90 in Caucasian and OR = 0.55, P = 0.19 in West Polynesian). The
removal of a significant association with gout when the effects of rs11942223 are
controlled for indicates that the association observed at this locus is likely due to linkage
disequilibrium with rs11942223 rather than to an independent effect of rs16890979.
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Table 3-8 Logistic Regression Analysis of rs2280205 Adjusted by nsSNPs in SLC2A9

Cau
ARIC
EPn
EPz
WP
EP/WP

Unadjusted
OR
0.807
0.789
0.858
0.785
0.762
0.897

Unadjusted
P-value
0.019
0.047
0.316
0.304
0.100
0.820

rs2276961
rs2276961
rs2276961
rs2276961
rs2276961
rs2276961

Adjusted Pvalue
0.088
0.051
0.262
0.157
0.199
0.817

Adjusted OR
[95% CI]
0.833 [0.675-1.028]
0.757 [0.573-1.001]
0.835 [0.609-1.144]
0.682 [0.401-1.159]
0.804 [0.576-1.122]
0.892 [0.340-2.342]

Cau
ARIC
EPn
EPz
WP
EP/WP

0.807
0.789
0.858
0.785
0.762
0.897

0.019
0.047
0.316
0.304
0.100
0.820

rs6820230
rs6820230
rs6820230
rs6820230
rs6820230
rs6820230

2.24E-04
0.011
0.279
0.246
0.102
0.904

0.680 [0.554-0.835]
0.712 [0.549-0.924]
0.845 [0.623-1.146]
0.750 [0.462-1.218]
0.762 [0.551-1.055]
1.063 [0.392-2.881]

Cau
ARIC
EPn
EPz
WP
EP/WP

0.807
0.789
0.858
0.785
0.762
0.897

0.019
0.047
0.316
0.304
0.100
0.820

rs4302456
rs4302456
rs4302456
rs4302456
rs4302456
rs4302456

0.029
0.056
0.977
0.521
0.074
0.918

0.815 [0.679-0.979]
0.791 [0.622-1.001]
1.005 [0.713-1.417]
0.853 [0.525-1.387]
0.724 [0.507-1.031]
1.056 [0.375-2.974]

Cau
ARIC
EPn
EPz
WP
EP/WP

0.807
0.789
0.858
0.785
0.762
0.897

0.019
0.047
0.316
0.304
0.100
0.820

rs3733591
rs3733591
rs3733591
rs3733591
rs3733591
rs3733591

0.011
0.026
0.522
0.232
0.274
0.690

0.788 [0.656-0.946]
0.761 [0.598-0.967]
0.901 [0.654-1.241]
0.743 [0.456-1.210]
0.825 [0.584-1.164]
0.816 [0.300-2.216]

Cau
ARIC
EPn
EPz
WP
EP/WP

0.807
0.789
0.858
0.785
0.762
0.897

0.019
0.047
0.316
0.304
0.100
0.820

rs16890979
rs16890979
rs16890979
rs16890979
rs16890979
rs16890979

0.306
0.228
0.366
0.404
0.109
0.674

0.907 [0.752-1.094]
0.862 [0.676-1.098]
0.871 [0.645-1.176]
0.819 [0.512-1.309]
0.766 [0.553-1.061]
0.813 [0.310-2.130]

Cau
ARIC
EPn
EPz
WP
EP/WP

0.807
0.789
0.858
0.785
0.762
0.897

0.019
0.047
0.316
0.304
0.100
0.820

rs11942223
rs11942223
rs11942223
rs11942223
rs11942223
rs11942223

0.360
0.206
0.336
0.446
0.163
0.575

0.916 [0.758-1.106]
0.855 [0.670-1.090]
0.862 [0.638-1.166]
0.833 [0.521-1.332]
0.792 [0.570-1.099]
0.749 [0.273-2.057]

SNP

Population

rs2280205
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Adjusted by

Table 3-9 Logistic Regression Analysis of rs2276961 Adjusted by nsSNPs in SLC2A9
SNP

Population

rs2276961

Cau
ARIC
EPn
EPz
WP
EP/WP

Unadjusted
OR
(STATA)
0.860
0.927
1.000
1.243
0.813
1.008

Cau
ARIC
EPn
EPz
WP
EP/WP

Unadjusted
P-value

Adjusted
by

Adjusted
P-value

Adjusted OR [95% CI]

0.099
0.521
0.999
0.389
0.172
0.989

rs2280205
rs2280205
rs2280205
rs2280205
rs2280205
rs2280205

0.545
0.591
0.760
0.166
0.318
0.965

0.937 [0.758-1.157]
1.079 [0.818-1.424]
1.054 [0.752-1.476]
1.494 [0.847-2.635]
0.856 [0.630-1.162]
0.974 0.298-3.180]

0.860
0.927
1.000
1.243
0.813
1.008

0.099
0.521
0.999
0.389
0.172
0.989

rs6820230
rs6820230
rs6820230
rs6820230
rs6820230
rs6820230

9.42E-06
0.100
0.777
0.510
0.140
0.616

0.576 [0.445-0.744]
0.750 [0.532-1.057]
0.951 [0.673-1.344]
1.226 [0.669-2.245]
0.798 [0.591-1.077]
0.727 [0.209-2.529]

Cau
ARIC
EPn
EPz
WP
EP/WP

0.860
0.927
1.000
1.243
0.813
1.008

0.099
0.521
0.999
0.389
0.172
0.989

rs4302456
rs4302456
rs4302456
rs4302456
rs4302456
rs4302456

0.147
0.666
0.379
0.170
0.090
0.932

0.870 [0.721-1.050]
0.944 [0.727-1.226]
1.165 [0.829-1.636]
1.457 [0.852-2.492]
0.769 [0.567-1.042]
1.051 0.330-3.355]

Cau
ARIC
EPn
EPz
WP
EP/WP

0.860
0.927
1.000
1.243
0.813
1.008

0.099
0.521
0.999
0.389
0.172
0.989

rs3733591
rs3733591
rs3733591
rs3733591
rs3733591
rs3733591

0.056
0.382
0.541
0.628
0.649
0.812

0.836 [0.696-1.005]
0.898 [0.705-1.143]
1.129 [0.765-1.665]
1.137 [0.676-1.914]
1.102 [0.724-1.678]
1.176 [0.309]-4.473]

Cau
ARIC
EPn
EPz
WP
EP/WP

0.860
0.927
1.000
1.243
0.813
1.008

0.099
0.521
0.999
0.389
0.172
0.989

rs16890979
rs16890979
rs16890979
rs16890979
rs16890979
rs16890979

0.747
0.548
0.890
0.186
0.262
0.743

0.969 [0.798-1.175]
1.080 [0.841-1.386]
1.023 [0.741-1.414]
1.428 [0.842-2.423]
0.842 [0.623-1.138]
1.227 [0.361-4.176]

Cau
ARIC
EPn
EPz
WP
EP/WP

0.860
0.927
1.000
1.243
0.813
1.008

0.099
0.521
0.999
0.389
0.172
0.989

rs11942223
rs11942223
rs11942223
rs11942223
rs11942223
rs11942223

0.837
0.583
0.959
0.115
0.303
0.462

1.021 [0.840-1.240]
1.073 [0.834-1.382]
1.008 [0.728-1.397]
1.523 [0.902-2.569]
0.853 [0.631-1.154]
1.635 [0.441-6.063]
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Table 3-10 Logistic Regression Analysis of rs6820230 Adjusted by nsSNPs in SLC2A9
SNP

Population

Rs6820230

Cau
ARIC
EPn
EPz
WP
EP/WP

Unadjusted
OR
(STATA)
1.246
1.112
1.180
1.179
2.293
4.083

Cau
ARIC
EPn
EPz
WP
EP/WP

Unadjusted
P-value

Adjusted
by

P

Adjusted OR [95% CI]

0.031
0.411
0.590
0.579
0.106
0.071

rs2280205
rs2280205
rs2280205
rs2280205
rs2280205
rs2280205

4.65E-04
0.065
0.513
0.423
0.093
0.071

1.510 [1.201-1.899]
1.303 [0.983-1.725]
1.226 [0.667-2.253]
1.283 [0.697-2.362]
2.377 [0.865-6.534]
4.127 [0.886-19.219]

1.246
1.112
1.180
1.179
2.293
4.083

0.031
0.411
0.590
0.579
0.106
0.071

rs2276961
rs2276961
rs2276961
rs2276961
rs2276961
rs2276961

9.42E-06
0.083
0.546
0.905
0.078
0.063

1.906 [1.433-2.535]
1.391 [0.958-2.019]
1.219 [0.641-2.318]
1.044[0.516-2.109]
2.488[0.902-6.861]
4.596 [0.918-23.007]

Cau
ARIC
EPn
EPz
WP
EP/WP

1.246
1.112
1.180
1.179
2.293
4.083

0.031
0.411
0.590
0.579
0.106
0.071

rs4302456
rs4302456
rs4302456
rs4302456
rs4302456
rs4302456

0.025
0.294
0.244
0.374
0.098
0.050

1.267 [1.030-1.558]
1.153 [0.883-1.506]
1.451 [0.776-2.714]
1.311[0.721-2.382]
2.349 [0.854-6.465]
4.967 [1.002-24.612]

Cau
ARIC
EPn
EPz
WP
EP/WP

1.246
1.112
1.180
1.179
2.293
4.083

0.031
0.411
0.590
0.579
0.106
0.071

rs3733591
rs3733591
rs3733591
rs3733591
rs3733591
rs3733591

0.054
0.522
0.842
0.483
0.206
0.043

1.225 [0.996-1.507]
1.090 [0.837-1.419]
1.064 [0.578-1.959]
1.252 [0.668-2.347]
2.067 [0.672-6.361]
6.513 [1.057-40.136]

Cau
ARIC
EPn
EPz
WP
EP/WP

1.246
1.112
1.180
1.179
2.293
4.083

0.031
0.411
0.590
0.579
0.106
0.071

rs16890979
rs16890979
rs16890979
rs16890979
rs16890979
rs16890979

0.084
0.498
0.560
0.447
0.111
0.046

1.198 [0.976-1.471]
1.091 [0.848-1.405]
1.197 [0.653-2.193]
1.256 [0.698-2.260]
2.274 [0.828-6.246]
5.867 [1.035-33.250]

Cau
ARIC
EPn
EPz
WP
EP/WP

1.246
1.112
1.180
1.179
2.293
4.083

0.031
0.411
0.590
0.579
0.106
0.071

rs11942223
rs11942223
rs11942223
rs11942223
rs11942223
rs11942223

0.070
0.469
0.474
0.527
0.091
0.043

1.209 [0.985-1.484]
1.098 [0.853-1.413]
1.250 [0.678-2.305]
1.209 [0.671-2.179]
2.415 [0.869-6.713]
9.746 [1.070-88.798]
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Table 3-11 Logistic Regression Analysis of rs4302456 Adjusted by nsSNPs in SLC2A9
SNP

Population

Rs4302456

Cau
ARIC
EPn
EPz
WP
EP/WP

Unadjusted
OR
(STATA)
1.009
1.080
1.391
1.314
1.090
1.379

Cau
ARIC
EPn
EPz
WP
EP/WP

Unadjusted
P-value

Adjusted
by

P

Adjusted OR [95% CI]

0.934
0.568
0.033
0.275
0.582
0.435

rs2280205
rs2280205
rs2280205
rs2280205
rs2280205
rs2280205

0.964
0.928
0.047
0.404
0.844
0.452

0.995 [0.808-1.225]
1.013 [0.772-1.328]
1.417 [1.004-2.001]
1.245 [0.744-2.082]
0.967 [0.693-1.350]
1.406 [0.579-3.415]

1.009
1.080
1.391
1.314
1.090
1.379

0.934
0.568
0.033
0.275
0.582
0.435

rs2276961
rs2276961
rs2276961
rs2276961
rs2276961
rs2276961

0.728
0.757
0.032
0.134
0.601
0.433

0.963 [0.779-1.190]
0.048 [0.779-1.409]
1.414 [1.031-1.941]
1.495 [0.883-2.531]
1.087 [0.795-1.485]
1.383 [0.615-3.114]

Cau
ARIC
EPn
EPz
WP
EP/WP

1.009
1.080
1.391
1.314
1.090
1.379

0.934
0.568
0.033
0.275
0.582
0.435

rs6820230
rs6820230
rs6820230
rs6820230
rs6820230
rs6820230

0.729
0.386
0.020
0.216
0.595
0.284

1.038 [0.842-1.279]
1.131 [0.856-1.493]
1.447 [1.060-1.975]
1.371 [0.831-2.262]
1.088 [0.798-1.483]
1.620 [0.670-3.914]

Cau
ARIC
EPn
EPz
WP
EP/WP

1.009
1.080
1.391
1.314
1.090
1.379

0.934
0.568
0.033
0.275
0.582
0.435

rs3733591
rs3733591
rs3733591
rs3733591
rs3733591
rs3733591

0.940
0.672
0.019
0.050
0.765
0.636

1.008 [0.818-1.242]
1.060 [0.809-1.389]
1.476 [1.066-2.044]
1.805 [1.001-3.255]
1.050 [0.761-1.449]
1.227 [0.526-2.861]

Cau
ARIC
EPn
EPz
WP
EP/WP

1.009
1.080
1.391
1.314
1.090
1.379

0.934
0.568
0.033
0.275
0.582
0.435

rs16890979
rs16890979
rs16890979
rs16890979
rs16890979
rs16890979

0.791
0.835
0.036
0.309
0.718
0.488

0.972 [0.787-1.200]
0.972 [0.741-1.274]
1.387 [1.022-1.882]
1.296 [0.786-2.136]
1.059 [0.776-1.444]
1.336 [0.589-3.034]

Cau
ARIC
EPn
EPz
WP
EP/WP

1.009
1.080
1.391
1.314
1.090
1.379

0.934
0.568
0.033
0.275
0.582
0.435

rs11942223
rs11942223
rs11942223
rs11942223
rs11942223
rs11942223

0.467
0.900
0.038
0.511
0.704
0.560

0.925 [0.749-1.142]
0.983 [0.750-1.289]
1.387 [1.019-1.889]
1.181 [0.720-1.936]
1.062 [0.779-1.448]
1.284 [0.554-2.979]
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Table 3-12 Logistic Regression Analysis of rs3733591 Adjusted by nsSNPs in SLC2A9
SNP

Population

Rs3733591

Cau
ARIC
EPn
EPz
WP
EP/WP

Unadjusted
OR
(STATA)
0.879
0.899
0.778
1.328
0.694
0.817

Cau
ARIC
EPn
EPz
WP
EP/WP

Unadjusted
P-value

Adjusted
by

P

Adjusted OR [95% CI]

0.273
0.487
0.126
0.259
0.016
0.714

rs2280205
rs2280205
rs2280205
rs2280205
rs2280205
rs2280205

0.133
0.223
0.191
0.244
0.037
0.714

0.833 [0.657-1.057]
0.825 [0.606-1.124]
0.798 [0.569-1.119]
1.345 [0.817-2.215]
0.720 [0.529- 0.980]
0.816 [0.275- 2.417]

0.879
0.899
0.778
1.328
0.694
0.817

0.273
0.487
0.126
0.259
0.016
0.714

rs2276961
rs2276961
rs2276961
rs2276961
rs2276961
rs2276961

0.119
0.364
0.079
0.261
0.033
0.673

0.828 [0.653-1.050]
0.865 [0.633-1.182]
0.707 [0.480-1.041]
1.326 [0.811-2.168]
0.640 [0.424-0.965]
0.780 [0.246-2.471]

Cau
ARIC
EPn
EPz
WP
EP/WP

0.879
0.899
0.778
1.328
0.694
0.817

0.273
0.487
0.126
0.259
0.016
0.714

rs6820230
rs6820230
rs6820230
rs6820230
rs6820230
rs6820230

0.597
0.632
0.107
0.151
0.031
0.685

0.938 [0.738-1.191]
0.926 [0.676-1.268]
0.764 [0.551-1.060]
1.463 [0.870-2.459]
0.718 [0.532-0.970]
1.284 [0.384-4.286]

Cau
ARIC
EPn
EPz
WP
EP/WP

0.879
0.899
0.778
1.328
0.694
0.817

0.273
0.487
0.126
0.259
0.016
0.714

rs4302456
rs4302456
rs4302456
rs4302456
rs4302456
rs4302456

0.310
0.559
0.545
0.077
0.010
0.819

0.884 [0.697-1.121]
0.912 [0.670-1.242]
0.901 [0.642-1.263]
1.655 [0.947-2.893]
0.667 [0.491-0.906]
0.877 [0.285-2.701]

Cau
ARIC
EPn
EPz
WP
EP/WP

0.879
0.899
0.778
1.328
0.694
0.817

0.273
0.487
0.126
0.259
0.016
0.714

rs16890979
rs16890979
rs16890979
rs16890979
rs16890979
rs16890979

0.033
0.158
0.107
0.394
0.004
0.821

0.771 [0.607-0.979]
0.802 [0.590-1.090]
0.766 [0.554-1.059]
1.246 [0.751-2.067]
0.635 [0.466-0.866]
0.880 [0.290- 2.672]

Cau
ARIC
EPn
EPz
WP
EP/WP

0.879
0.899
0.778
1.328
0.694
0.817

0.273
0.487
0.126
0.259
0.016
0.714

rs11942223
rs11942223
rs11942223
rs11942223
rs11942223
rs11942223

0.030
0.185
0.070
0.468
0.011
0.544

0.767 [0.609-0.974]
0.813 [0.598-1.104]
0.740 [0.535-9.266]
1.204 [0.729-1.989]
0.672 [0.495-0.913]
0.699 [0.220-2.222]

163

Table 3-13 Logistic Regression Analysis of rs16890979 Adjusted by nsSNPs in
SLC2A9
SNP

Population

Rs16890979

Cau
ARIC
EPn
EPz
WP
EP/WP

Unadjusted
OR
(STATA)
0.602
0.634
0.809
0.668
0.467
0.373

Cau
ARIC
EPn
EPz
WP
EP/WP

Unadjusted
P-value

Adjusted
by

P

Adjusted OR [95% CI]

1.42e-5
5.0e-3
0.629
0.256
0.072
0.263

rs2280205
rs2280205
rs2280205
rs2280205
rs2280205
rs2280205

4.50E-05
0.017
0.656
0.283
0.079
0.243

0.613 [0.484-0.775]
0.669 [0.480-0.931]
0.821 [0.346- 1.951]
0.681 [0.338-1.372]
0.474 [0.206-1.090]
0.352 [0.061-2.033]

0.602
0.634
0.809
0.668
0.467
0.373

1.42e-5
5.0e-3
0.629
0.256
0.072
0.263

rs2276961
rs2276961
rs2276961
rs2276961
rs2276961
rs2276961

5.35E-05
0.005
0.620
0.135
0.103
0.246

0.609 [0.479- 0.774]
0.610 [0.432-0.860]
0.803 [0.337-1.913]
0.574 [0.277-1.188]
0.498 [0.216-1.150]
0.346 [0.058-2.077]

Cau
ARIC
EPn
EPz
WP
EP/WP

0.602
0.634
0.809
0.668
0.467
0.373

1.42e-5
5.0e-3
0.629
0.256
0.072
0.263

rs6820230
rs6820230
rs6820230
rs6820230
rs6820230
rs6820230

2.34E-05
0.006
0.594
0.244
0.080
0.182

0.609 [0.484-0.766]
0.637 [0.463-0.877]
0.790 [0.333-1.878]
0.658 [0.325- 1.331]
0.475 [0.206- 1.093]
0.244 [0.031-1.934]

Cau
ARIC
EPn
EPz
WP
EP/WP

0.602
0.634
0.809
0.668
0.467
0.373

1.42e-5
5.0e-3
0.629
0.256
0.072
0.263

rs4302456
rs4302456
rs4302456
rs4302456
rs4302456
rs4302456

6.61E-05
0.006
0.829
0.307
0.080
0.285

0.622 [0.492-0.785]
0.629 [0.453-0.873]
0.909 [0.381-2.165]
0.691 [0.340-1.405]
0.474 [0.206- 1.093]
0.387 [0.068-2.204]

Cau
ARIC
EPn
EPz
WP
EP/WP

0.602
0.634
0.809
0.668
0.467
0.373

1.42e-5
5.0e-3
0.629
0.256
0.072
0.263

rs3733591
rs3733591
rs3733591
rs3733591
rs3733591
rs3733591

4.22e-6
0.002
0.268
0.356
0.029
0.361

0.578 [0.457-0.730]
0.603 [0.435-0.835]
0.591 [0.233- 1.498]
0.698 [0.324- 1.450]
0.361 [0.145- 0.900]
0.436 [0.073-2.595]

Cau
ARIC
EPn
EPz
WP
EP/WP

0.602
0.634
0.809
0.668
0.467
0.373

1.42e-5
5.0e-3
0.629
0.256
0.072
0.263

rs11942223
rs11942223
rs11942223
rs11942223
rs11942223
rs11942223

0.903
0.136
1.13
0.304
0.191
0.738

0.974 [0.638-1.488]
0.420 [0.134-1.314]
2.257 [0.550- 9.266]
1.976 [0.538-7.254]
0.549 [0.223-1.350]
1.532 [0.125-18.715]

Multiple logistic regression analysis performed in STATA in the five NZ populations of
(A) rs2280205, (B) rs2276961, (C) rs6820230, (D) rs4302456, (E) rs3733591 and (F)
rs16890979 adjusted by each of the other nsSNPs and rs11942223 individually. Unadjusted
OR and P-value are given by logistic regression analysis without adjusting by any other
SNP. Adjusted OR is the odds ratio given by logistic regression analysis when adjusting by
the corresponding SNP. P = the adjusted P value.
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3.7 Testing for Interaction between Non-Synonymous SNPs in SLC2A9

Results from the logistic regression analysis may be suggestive of an epistatic interaction between some of the nsSNPs. To further
investigate this, a formal test for interaction between the SNPs was carried out in a combined Caucasian data set (NZ Caucasian,
ARIC and FHS), a combined Polynesian data set (EPn, WP and mixed EP/WP) and EPz was analysed separately due to high
Caucasian admixture (Table 3.14). From this analysis, there is evidence to suggest that the genetic interaction of rs3733591 with
rs2280205 and rs2276961 could increase the risk of gout in Caucasian (OR = 1.944 and P = 0.003, and OR = 1.609 and P = 0.033
respectively). Although P-values were non-significant in combined Polynesian and EPz data sets, the odds ratios were in a consistent
direction to the Caucasian interaction analysis of rs2280205 and rs3733591. It was also suggested that rs2280205 and rs16890979
may interact to confer a protective effect against gout in Caucasian (OR = 0.515 and P = 0.012). The odds ratios for this analysis
were also in a consistent direction in the combined Polynesian and EPz data sets. Overall, none of the analyses for SNP-SNP
interaction were statistically significant in the combined Polynesian or EPz data sets. However this could possibly be a reflection of
the smaller size of these data sets, limiting the power for interactions to be detected.

Table 3-14 Interaction terms between non-synonymous SNPs in SLC2A9 in Caucasian and Polynesian Gout datasets

Obs

Combined ARIC, FHS and
NZ Caucasian
OR [95% CI]

Obs

Combined Epn, WP and
mixed EP/WP
OR [95% CI]

P

P

Obs

OR [95% CI]

P

rs2276961

11497

0.995 [0.614-1.611]

0.983

805

0.545 [0.199-1.488]

0.236

203

1.103 [0.227-5.365]

0.903

rs6820230

11502

rs4302456

11469

1.248 [0.749-2.084]

0.394

800

0.605 [0.056-6.541]

0.679

203

1.421 [0.206-9.780]

0.721

0.662 [0.428-1.022]

0.063

791

1.408 [0.362-5.476]

0.622

201

1.311 [0.265-6.475]

0.74

rs3733591
rs16890979

11504

1.944 [1.246-3.033]

0.003

772

1.140 [0.445-2.920]

0.785

183

1.256 [0.279-5.642]

0.766

11478

0.515 [0.306-0.866]

0.012

805

0.382 [0.030-4.886]

0.459

206

0.353 [0.0651.919]

0.228

rs6820230

11498

0.771 [0.208-2.853]

0.697

799

0.456 [0.047-4.455]

0.499

201

1.807 [0.803-4.063]

0.153

rs4302456

11465

0.503 [0.322-0.785]

0.003

790

0.855 [0.456-1.605]

0.626

197

1.116 [0.266-4.691]

0.881

rs3733591

11500

1.609 [1.040-2.490]

0.033

771

0.994 [0.482-2.051]

0.987

183

3.699 [0.880-15.540]

0.074

rs16890979

11474

0.712 [0.398-1.273]

0.252

803

1.548 [0.259-9.242]

0.635

203

1.258 [0.123-12.822]

0.846

rs4302456

11469

0.543 [0.362-0.816]

0.003

786

1.484 [0.522-4.221]

0.459

198

1.142 [0.292-4.472]

0.848

rs3733591

11504

1.124 [0.735-1.719]

0.589

769

1.023 [0.360-2.904]

0.966

182

2.407 [0.567-10.222]

0.234

rs16890979

11478

0.995 [0.647-1.531]

0.983

799

2.340 [0.435-12.585]

0.322

203

1.568 [0.333-7.390]

0.570

rs3733591

11473

0.751 [0.487-1.156]

0.193

758

0.743 [0.381-1.452]

0.385

178

0.556 [0.127-2.436]

0.436

rs16890979

11449

0.953 [0.611-1.488]

0.834

790

1.408 [0.406-4.888]

0.590

201

0.600 [0.126-2.845]

0.520

11481

1.554 [0.954-2.529]

0.076

771

3.270 [0.846-12.645]

0.086

184

2.083 [0.403-10.763]

0.381

SNPs

Epz

rs2280205

rs2276961

rs6820230

rs4302456

rs3733591
rs16890979

Formal test for SNP-SNP interaction between the nsSNP in bold and the nsSNPs below. ARIC, FHS and NZ Caucasian, and EPn, WP and
mixed EP/WP datasets were combined to increase the power of the analyses. EPz was analysed alone due to the high Caucasian admixture in this
dataset. The combined Caucasian and Polynesian cohort analyses were adjusted by data set.
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Logistic regression analysis of allele combinations was used to dissect which alleles may be interacting (Tables 3.15 and 3.16).
rs2280205 and rs3733591 showed evidence of a significant overall SNP-SNP interaction in Caucasian (OR = 1.94 and P = 3.0e-3).
Logistic regression analyses suggested that the major allele of either SNP conferred risk only in each other’s presence. A similar
pattern was observed in the Polynesian analyses with only the group of genotypes containing minor alleles of both rs2280205 and
rs3733591 found to be significant (OR = 0.51 and P = 0.03). However, overall significance for SNP-SNP interaction was not
reached in combined Polynesian. Similarly, rs3733591 showed evidence of significant overall genetic interaction with rs2276961 in
Caucasian (OR = 1.61 and P = 0.03). Logistic regression analysis of these two SNPs also suggested the major allele of each
conferred risk in the presence of the major allele of the other SNP. Analyses in Polynesian were not significant for rs2276961 and
rs3733591 but were in a similar direction in Polynesian. Interaction analysis of rs2280205 and rs16890979 was significant overall in
Caucasian (OR = 0.52 and P = 0.01). Logistic regression analysis of allele combinations suggest the minor allele of rs16890979 is
protective only in the presence of the minor allele of rs2280205, as when minor alleles are present at both SNPs the OR is
considerably more protective and this is the only combination of alleles significantly associated with a protective effect (OR = 0.53
and P = 1.03e-5 for logistic regression of minor alleles present at both SNPs). Consistent with this, analysis of these SNPs in the
combined Polynesian data set showed the only allele combinations to be statistically significant with protection against gout to be
those with minor alleles present at each of these two SNPs. Analysis of rs2276961 and rs4302456 suggested these two SNPs may be
interacting in Caucasian (OR = 0.50 and P = 3.0e-3) with the minor allele of rs4302456 conferring risk only in the absence of a minor
allele at rs2276961. Analyses in combined Polynesian further support this with a similar pattern of odds ratios for the allele
combination groups. However, none of these, nor the test for overall SNP-SNP interaction were statistically significant. Lastly, there
was evidence suggestive of an interaction between rs6820230 and rs4302456 in Caucasian (OR = 0.54 and P = 3.0e-3). From the
logistic regression analyses, it appeared the major alleles interact to be protective against gout, as allele combinations containing a
major allele at both loci had a lower odds ratio than other combinations. A similar pattern was evident in Polynesian where, again, a
major allele at both SNPs resulted in a lower odds ratio. The test for overall SNP-SNP interaction between rs6820230 and rs4302456
did not reach significance in Polynesian.

Previous logistic regression analyses suggested rs6820230 may interact with rs2280205 and rs16890979 in Caucasian (Table 3.10).
Logistic regression of allele combinations supported an interaction between rs6820230 and rs2280205 in Caucasian, with the major
allele of rs6820230 conferring risk with the major allele of rs2280205, and protection with the minor allele of rs2280205. Although
when testing for overall SNP-SNP interaction, significance was not reached for these two SNPs in any data set (OR = 1.25 and P =
0.39 in Caucasian). Previously it was observed that the significance of the rs6820230 association with gout in Caucasian was
removed upon adjusting for the effects of rs16890979 (Table 3.10). Logistic regression analyses of allele combinations and overall
SNP-SNP interaction for rs6820230 and rs16890979 implied that the rs6820230 association in Caucasian was dependent upon and
driven by rs16890979 and not as a result of interaction between the SNPs (Test for overall SNP-SNP interaction showed OR = 0.10
and P = 0.98). From this it could be inferred that perhaps the rs6820230-rs2280205 interaction suggested earlier, could be related to
the main rs11942223 effect.
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Table 3-15 Logistic Regression Analysis of Allele Combinations and Interaction Terms between nsSNPs in SLC2A9 in combined
Caucasian
Allele Combinations
rs2280205/rs2276961 minor -/minor rs2280205/rs2276961 minor -/minor +
rs2280205/rs2276961 minor +/minor rs2280205/rs2276961 minor +/minor +
rs2280205/rs6820230 minor -/minor rs2280205/rs6820230 minor -/minor +
rs2280205/rs6820230 minor +/minor rs2280205/rs6820230 minor +/minor +
rs2280205/rs4302456 minor -/minor rs2280205/rs4302456 minor -/minor +
rs2280205/rs4302456 minor +/minor rs2280205/rs4302456 minor +/minor +
rs2280205/rs3733591 minor -/minor rs2280205/rs3733591 minor -/minor +
rs2280205/rs3733591 minor +/minor rs2280205/rs3733591 minor +/minor +
rs2280205/rs16890979 minor -/minor rs2280205/rs16890979 minor -/minor +
rs2280205/rs16890979 minor +/minor rs2280205/rs16890979 minor +/minor +
rs2276961/rs6820230 minor -/minor rs2276961/rs6820230 minor -/minor +
rs2276961/rs6820230 minor +/minor rs2276961/rs6820230 minor +/minor +
rs2276961/rs4302456 minor -/minor rs2276961/rs4302456 minor -/minor +
rs2276961/rs4302456 minor +/minor rs2276961/rs4302456 minor +/minor +
rs2276961/rs3733591 minor -/minor rs2276961/rs3733591 minor -/minor +
rs2276961/rs3733591 minor +/minor rs2276961/rs3733591 minor +/minor +
rs2276961/rs16890979 minor -/minor rs2276961/rs16890979 minor -/minor +
rs2276961/rs16890979 minor +/minor rs2276961/rs16890979 minor +/minor +
rs6820230/rs4302456 minor -/minor rs6820230/rs4302456 minor -/minor +
rs6820230/rs4302456 minor +/minor rs6820230/rs4302456 minor +/minor +
rs6820230/rs3733591 minor -/minor rs6820230/rs3733591 minor -/minor +
rs6820230/rs3733591 minor +/minor rs6820230/rs3733591 minor +/minor +
rs6820230/rs16890979 minor -/minor rs6820230/rs16890979 minor -/minor +
rs6820230/rs16890979 minor +/minor rs6820230/rs16890979 minor +/minor +
rs4302456/rs3733591 minor -/minor rs4302456/rs3733591 minor -/minor +
rs4302456rs3733591 minor +/minor rs4302456/rs3733591 minor +/minor +
rs4302456/rs16890979 minor -/minor rs4302456/rs16890979 minor -/minor +
rs4302456/rs16890979 minor +/minor rs4302456/rs16890979 minor +/minor +
rs3733591/rs16890979 minor -/minor rs3733591/rs16890979 minor -/minor +
rs3733591/rs16890979 minor +/minor rs3733591/rs16890979 minor +/minor +

Obs
11497

P
1.000
0.776
0.344
0.077
SNP-SNP interaction* P = 0.983, OR [95%CI] = 0.995 [0.614-1.611]
11502
1.000
0.567
6.0e-3
0.777
SNP-SNP interaction* P = 0.394, OR [95%CI] = 1.248 [0.749-2.084]
11469
1.000
0.195
0.992
0.304
SNP-SNP interaction* P = 0.063, OR [95%CI] = 0.662 [0.428-1.022]
11504
1.000
1.0e-3
1.0e-3
0.011
SNP-SNP interaction* P = 0.003, OR [95%CI] = 1.944 [1.246-3.033]
11478
1.000
0.798
0.487
1.03e-5
SNP-SNP interaction* P = 0.012, OR [95%CI] = 0.515 [0.306-0.866]
11498
1.000
0.258
2.0e-3
0.919
SNP-SNP interaction* P = 0.697, OR [95%CI] = 0.771 [0.208-2.853]
11465
1.000
0.034
0.173
0.744
SNP-SNP interaction* P = 0.003, OR [95%CI] = 0.503 [0.322-0.785]
11500
1.000
0.01
0.012
0.041
SNP-SNP interaction* P = 0.033, OR [95%CI] = 1.609 [1.040-2.490]
11474
1.000
0.239
0.434
3.63e-5
SNP-SNP interaction* P = 0.252, OR [95%CI] = 0.712 [0.398-1.273]
11469
1.000
0.049
1.0e-3
0.381
SNP-SNP interaction* P = 0.003, OR [95%CI] = 0.543 [0.362-0.816]
11504
1.000
0.374
0.258
0.450
SNP-SNP interaction* P = 0.589, OR [95%CI] = 1.124 [0.735-1.719]
11478
1.000
1.57e-4
0.186
9.0e-3
SNP-SNP interaction* P = 0.983,OR [95%CI] = 0.995 [0.647-1.531]
11473
1.000
0.957
0.688
0.159
SNP-SNP interaction* P = 0.193,OR [95%CI] = 0.751 [0.487-1.156]
11449
1.000
1.00e-4
0.416
6.33e-5
SNP-SNP interaction* P = 0.834, OR [95%CI] = 0.953 [0.611-1.488]
11481
1.000
9.47e-9
4.0e-3
1.0e-3
SNP-SNP interaction* P = 0.076, OR [95%CI] = 1.554 [0.954-2.529]

OR [95% CI]
1.000
0.947 [0.651-1.377]
0.844 [0.593-1.200]
0.795 [0.617-1.025]
1.000
1.141 [0.727-1.792]
0.677 [0.513-0.893]
0.965 [0.755-1.234]
1.000
1.271 [0.884-1.827]
0.998 [0.727-1.371]
0.840 [0.602-1.172]
1.000
0.551 [0.382-0.795]
0.623 [0.476-0.815]
0.667 [0.488-0.912]
1.000
0.942 [0.597-1.488]
1.091 [0.854-1.393]
0.529 [0.399-0.702]
1.000
2.093 [0.582-7.520]
0.627 [0.469-0.838]
1.012 [0.811-0.262]
1.000
1.486 [1.030-2.143]
1.261 [0.903-1.761]
0.942 [0.660-1.345]
1.000
0.629 [0.443-0.894]
0.714 [0.549-0.928]
0.723 [0.530-0.986]
1.000
0.728 [0.430-0.235]
1.100 [0.867-1.395]
0.570 [0.436-0.744]
1.000
1.328 [1.001-1.761]
1.596 [1.211-2.102]
1.152 [0.840-1.579]
1.000
0.881 [0.666-1.165]
1.148 [0.904-1.458]
1.137 [0.815-1.585]
1.000
0.564 [0.419-0.759]
1.171 [0.927-1.478]
0.657 [0.478-0.901]
1.000
0.993 [0.756-1.304]
1.050 [0.826-1.335]
0.783 [0.556-1.101]
1.000
0.570 [0.430-0.757]
0.907 [0.717-1.148]
0.493 [0.349-0.697]
1.000
0.476 [0.369-0.613]
0.701 [0.551-0.893]
0.518 [0.348-0.772]

Logistic Regression analysis of allele combinations for nsSNPs. Odds ratios have been calculated with the group containing an absence of both minor alleles as
the reference. Where minor - = minor allele negative and minor + = minor allele positive for the respective SNPs. Analyses have been adjusted by data set as
combined Caucasian is comprised of NZ, ARIC and FHS Caucasian data sets. *P values and ORs for formal test of genetic interaction between two loci,
adjusted by data set in combined Caucasian. P value <0.05 indicates evidence of a significant interaction.
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Table 3-16 Logistic Regression Analysis of Allele Combinations and Interaction Terms between nsSNPs in SLC2A9 in combined
Polynesian and EPz
Allele Combinations
rs2280205/rs2276961 minor -/minor rs2280205/rs2276961 minor -/minor +
rs2280205/rs2276961 minor +/minor rs2280205/rs2276961 minor +/minor +

rs2280205/rs6820230 minor -/minor rs2280205/rs6820230 minor -/minor +
rs2280205/rs6820230 minor +/minor rs2280205/rs6820230 minor +/minor +

rs2280205/rs4302456 minor -/minor rs2280205/rs4302456 minor -/minor +
rs2280205/rs4302456 minor +/minor rs2280205/rs4302456 minor +/minor +

rs2280205/rs3733591 minor -/minor rs2280205/rs3733591 minor -/minor +
rs2280205/rs3733591 minor +/minor rs2280205/rs3733591 minor +/minor +

rs2280205/rs16890979 minor -/minor rs2280205/rs16890979 minor -/minor +
rs2280205/rs16890979 minor +/minor rs2280205/rs16890979 minor +/minor +

rs2276961/rs6820230 minor -/minor rs2276961/rs6820230 minor -/minor +
rs2276961/rs6820230 minor +/minor rs2276961/rs6820230 minor +/minor +

rs2276961/rs4302456 minor +/minor rs2276961/rs4302456 minor -/minor +
rs2276961/rs4302456 minor +/minor rs2276961/rs4302456 minor +/minor +

rs2276961/rs3733591 minor -/minor rs2276961/rs3733591 minor -/minor +
rs2276961/rs3733591 minor +/minor rs2276961/rs3733591 minor +/minor +

rs2276961/rs16890979 minor -/minor rs2276961/rs16890979 minor -/minor +
rs2276961/rs16890979 minor +/minor rs2276961/rs16890979 minor +/minor +

rs6820230/rs4302456 minor -/minor rs6820230/rs4302456 minor -/minor +
rs6820230/rs4302456 minor +/minor rs6820230/rs4302456 minor +/minor +

rs6820230/rs3733591 minor -/minor rs6820230/rs3733591 minor -/minor +
rs6820230/rs3733591 minor +/minor rs6820230/rs3733591 minor +/minor +

rs6820230/rs16890979 minor -/minor rs6820230/rs16890979 minor -/minor +
rs6820230/rs16890979 minor +/minor rs6820230/rs16890979 minor +/minor +

Combined EPn, WP and EP/WP
P
OR [95% CI]
1.000
1.000
0.296
1.674 [0.637 – 4.400]
0.684
0.892 [0.515 – 1.545]
0.452
0.813 [0.475 – 1.394]
SNP-SNP interaction*
P = 0.236, OR [95%CI] = 0.545 [0.199-1.488]
800
1.000
1.000
0.395
2.752 [0.267 – 28.341]
0.148
0.715 [0.454 – 1.127]
0.600
1.189 [0.622 – 2.276]
SNP-SNP interaction*
P = 0.679, OR [95%CI] = 0.605 [0.056-6.541]
791
1.000
1.000
0.935
1.057 [0.282 – 3.968]
0.376
0.564 [0.159 – 2.005]
0.785
0.840 [0.238 – 2.956]
SNP-SNP interaction*
P = 0.622, OR [95%CI] = 1.408 [0.362-5.476]
772
1.000
1.000
0.307
0.630 [0.260 – 1.528]
0.288
0.716 [0.387 – 1.325]
0.027
0.514 [0.285 – 0.929]
SNP-SNP interaction*
P = 0.785, OR [95%CI] = 1.140 [0.445-2.920]
805
1.000
1.000
0.804
1.368 [0.115 – 16.226]
0.241
0.763 [0.486 – 1.199]
0.017
0.398 [0.187 – 0.846]
SNP-SNP interaction*
P = 0.459, OR [95%CI] = 0.382 [0.030-4.886]
799
1.000
1.000
0.242
3.760 [0.409 – 34.572]
0.333
0.854 [0.621 – 1.175]
0.167
1.464 [0.853 – 2.512]
SNP-SNP interaction*
P = 0.499, OR [95%CI] = 0.456 [0.047-4.455]
790
1.000
1.000
0.057
1.622 [0.985 – 2.671]
0.835
1.057 [0.627 – 1.782]
0.126
1.467 [0.897 – 2.398]
SNP-SNP interaction*
P = 0.626, OR [95%CI] = 0.855 [0.456-1.605]
771
1.000
1.000
0.061
0.634 [0.394 – 1.022]
0.696
1.121 [0.631 – 1.992]
0.058
0.707 [0.494 – 1.011]
SNP-SNP interaction* P = 0.987, OR [95%CI] =
0.994 [0.482-2.051]
803
1.000
1.000
0.256
0.383 [0.073 – 2.009]
0.767
0.954 [0.701 – 1.299]
0.104
0.564 [0.284 – 1.125]
SNP-SNP interaction*
P = 0.635, OR [95%CI] = 1.548 [0.259-9.242]
786
1.000
1.000
0.017
1.482 [1.074 – 2.046]
0.182
1.611 [0.800 – 3.244]
0.002
3.543 [1.579 – 7.950]
SNP-SNP interaction*
P = 0.459, OR [95%CI] = 1.484 [0.522-4.221]
769
1.000
1.000
0.024
0.685 [0.493 – 0.951]
0.250
1.526 [0.742 – 3.137]
0.866
1.069 [0.491 – 2.325]
SNP-SNP interaction*
P = 0.966, OR [95%CI] = 1.023 [0.360-2.904]
799
1.000
1.000
0.033
0.471 [0.236 – 0.940]
0.088
1.584 [0.933 – 2.688]
0.456
1.747 [0.402 – 7.589]

Obs
805
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EPz
P
OR [95% CI]
1.000
1.000
0.409
1.725 [0.473–6.284]
0.254
0.516 [0.165-1.610]
0.968
0.982 [0.394-2.44]
SNP-SNP interaction*
P = 0.903, OR [95%CI] = 1.103 [0.227-5.365]
203
1.000
1.000
0.939
0.933 [0.158-5.500]
0.234
0.599 [0.258-1.393]
0.609
0.794 [0.329-1.920]
SNP-SNP interaction*
P = 0.721, OR [95%CI] = 1.421 [0.206-9.780]
201
1.000
1.000
0.756
0.800 [0.196-3.265]
0.407
0.576 [0.156-2.122]
0.455
0.604 [0.161-2.270]
SNP-SNP interaction*
P = 0.983, OR [95%CI] = 1.311 [0.265-6.475]
183
1.000
1.000
0.954
1.038 [0.290-3.722]
0.316
0.600 [0.221-1.629]
0.634
0.783 [0.285-2.146]
SNP-SNP interaction*
P = 0.766, OR [95%CI] = 1.256 [0.279-5.642]
206
1.000
1.000
0.551
1.543 [0.370-6.426]
0.742
0.868 [0.373-2.021]
0.175
0.473 [0.160-1.394]
SNP-SNP interaction*
P = 0.228, OR [95%CI] = 0.353 [0.0651.919]
200
1.000
1.000
0.153
1.807 [0.803-4.063]
0.336
1.481 [0.666-3.297]
SNP-SNP interaction*
P = 0.153, OR [95%CI] = 1.807 [0.803-4.063]
197
1.000
1.000
0.843
1.128 [0.342-3.723]
0.437
1.553 [0.512-4.711]
0.247
1.956 [0.628-6.088]
SNP-SNP interaction*
P = 0.881, OR [95%CI] = 1.116 [0.266-4.691]
183
1.000
1.000
0.285
0.529 [0.164-1.702]
0.461
0.697 [0.267-1.819]
0.536
1.363 [0.511-3.634]
SNP-SNP interaction* P = 0.074, OR [95%CI] =
3.699 [0.880-15.540]
203
1.000
1.000
0.519
0.491 [0.057-4.258]
0.186
1.673 [0.780-3.589]
0.943
1.034 [0.416-2.570]
SNP-SNP interaction*
P = 0.846, OR [95%CI] = 1.258 [0.123-12.822]
198
1.000
1.000
0.873
1.069 [0.473-2.413]
0.749
1.167 [0.452-3.013]
0.501
1.425 [0.508-4.000]
SNP-SNP interaction*
P = 0.848, OR [95%CI] = 1.142 [0.292-4.472]
182
1.000
1.000
0.959
0.978 [0.422-2.266]
0.656
0.811 [0.322-2.043]
0.260
1.909 [0.620-5.876]
SNP-SNP interaction*
P = 0.234, OR [95%CI] = 2.407 [0.567-10.222]
203
1.000
1.000
0.293
0.589 [0.219-1.582]
0.815
1.098 [0.501-2.406]
0.981
1.014 [0.333-3.083]
Obs
203

rs4302456/rs3733591 minor -/minor rs4302456/rs3733591 minor -/minor +
rs4302456rs3733591 minor +/minor rs4302456/rs3733591 minor +/minor +

rs4302456/rs16890979 minor -/minor rs4302456/rs16890979 minor -/minor +
rs4302456/rs16890979 minor +/minor rs4302456/rs16890979 minor +/minor +

rs3733591/rs16890979 minor -/minor rs3733591/rs16890979 minor -/minor +
rs3733591/rs16890979 minor +/minor rs3733591/rs16890979 minor +/minor +

SNP-SNP interaction*
P = 0.322, OR [95%CI] = 2.340 [0.435-12.585]
758
1.000
1.000
0.650
0.879 [0.504 – 1.533]
0.034
1.822 [1.047 – 3.169]
0.520
1.191 [0.700 – 2.026]
SNP-SNP interaction*
P = 0.385, OR [95%CI] = 0.743 [0.381-1.452]
790
1.000
1.000
0.125
0.495 [0.202 – 1.215]
0.023
1.437 [1.051 – 1.965]
0.996
1.002 [0.414 – 2.425]
SNP-SNP interaction*
P = 0.590, OR [95%CI] = 1.408 [0.406-4.888]
771
1.000
1.000
0.005
0.272 [0.109 – 0.676]
0.003
0.608 [0.439 – 0.842]
0.233
0.541 [0.197 – 1.486]
SNP-SNP interaction*
P = 0.086, OR [95%CI] = 3.270 [0.846-12.645]

SNP-SNP interaction*
P = 0.570, OR [95%CI] = 1.568 [0.333-7.390]
178
1.000
1.000
0.313
1.731 [0.596-5.027]
0.304
1.723 [0.610-4.867]
0.424
1.658 [0.481-5.720]
SNP-SNP interaction*
P = 0.436, OR [95%CI] = 0.556 [0.127-2.436]
201
1.000
1.000
0.804
0.879 [0.319 – 2.248]
0.580
1.239 [0.580 – 2.646]
0.494
0.653 [0.193 – 2.212]
SNP-SNP interaction*
P = 0.520, OR [95%CI] = 0.600 [0.126-2.845]
184
1.000
1.000
0.232
0.533 [0.190-1.495]
0.917
0.960 [0.447-2.061]
0.921
1.067 [0.297-3.836]
SNP-SNP interaction*
P = 0.381, OR [95%CI] = 2.083 [0.403-10.763]

Logistic Regression analysis of allele combinations for nsSNPs. Odds ratios have been calculated with the group containing an absence of both
minor alleles as the reference. Where minor - = minor allele negative and minor + = minor allele positive for the respective SNPs. Analyses have
been adjusted by data set in the combined Polynesian data set as this contained EPn, WP and mixed EP/WP data sets. *P values and ORs for
formal test of genetic interaction between two loci, adjusted by data set in combined Polynesian. EPz was analysed separately due to high
Caucasian admixture. P value <0.05 indicates evidence of a significant interaction.
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3.8 Conditional Haplotype-based Association Analysis

A conditional haplotype-based association test was performed using PLINK to assess
whether or not the association of nsSNPs in SLC2A9 with gout observed in the previous
analyses, were independent of the effects of rs11942223 (Table 3.17). When each nsSNP
was tested individually for association while controlling for the effects of rs11942223, there
was evidence of an independent effect of rs2280205 and rs6820230 in NZ Caucasian and
rs4302456 in EPn (SNP Pallelic = 0.02, PIE = 0.34 and SNP Pallelic = 0.04, PIE = 0.13 for
rs2280205 and rs6820230 respectively in Caucasian, and SNP Pallelic = 0.04, PIE = 0.07 for
rs4302456 in EPn). This is inferred given the significant allelic P-values for the gout
association analyses (SNP Pallelic) accompanied by non-significant P-values for the test of
independent effect (PIE). A PIE of >0.05 indicated that the effect on gout risk of the SNP
being tested was independent of the allele at rs11942223 and that the association of the test
SNP with gout was not resulting from the strong association that has previously been
observed between rs11942223 and gout in several populations(169). Association analyses
of rs16890979 in Caucasian and rs3733591 in West Polynesian suggested association at
these SNPs, however the conditional analyses indicate that the observed association at these
loci was likely due to rs11942223, given the significant P values for the independent effect
test (SNP Pallelic = 4.76e-6 and PIE = 0.03 for rs16890979 in NZ Caucasian and SNP Pallelic =
0.01 and PIE = 0.01 for rs3733591 in WP). This is consistent with rs11942223 or a SNP in
complete LD, being the preferred candidate for a causal variant in SLC2A9, with the
association seen at rs16890979 likely a feature of the linkage disequilibrium between these
two SNPs.
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Table 3-17 Haplotype-based Association of nsSNPs Conditional on rs11942223 in NZ Gout
cohorts
Population
NZ
Caucasian

EPn

EPz

WP

Mixed
EP/WP

SNP
Rs2280205
Rs2276961
Rs6820230
Rs4302456
Rs3733591
Rs16890979
Rs2280205
Rs2276961
Rs6820230
Rs4302456
Rs3733591
Rs16890979
Rs2280205
Rs2276961
Rs6820230
Rs4302456
Rs3733591
Rs16890979
Rs2280205
Rs2276961
Rs6820230
Rs4302456
Rs3733591
Rs16890979
Rs2280205
Rs2276961
Rs6820230
Rs4302456
Rs3733591
Rs16890979

SNP Pallelic
0.02
0.103
0.037
0.937
0.277
4.76e-6
0.322
0.999
0.843
0.037
0.128
0.616
0.309
0.415
0.584
0.277
0.234
0.251
0.11
0.176
0.103
0.591
0.013
0.08
0.309
0.992
0.08
0.378
0.757
0.276

X2
2.16
3.44
4.06
3.65
4.66
7.31
0.548
0.511
0.162
3.35
1.74
0.494
0.8
2.61
0.637
0.367
2.61
4.46
2.15
1.64
2.89
0.492
7.39
0.424
0.483
0.537
0.491
-

PIE
0.34
0.179
0.131
0.161
0.031
0.026
0.459
0.774
0.688
0.067
0.188
0.482
0.67
0.271
0.727
0.545
0.271
0.107
0.142
0.2
0.089
0.782
0.007
0.809
0.785
0.464
0.483
-

Conditional haplotype-based analysis of each nsSNP conditional on rs11942223. SNP Pallelic is the
nsSNP allelic P-value, X2 is the chi-square test, and PIE is the the independent effect test P-value
(test for association of nsSNP independent of rs11942223). Results for this analysis at some SNPs
within WP and mixed EP/WP populations could not be provided due to a correlation between SNPs,
where the genotype of one variant predicts that of another denoted -).
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Interestingly, the conditional association analysis suggests that the association of rs3733591
with gout that is evident in West Polynesian, is dependent on genotype at rs11942223
despite the complete absence of LD between these two SNPs in this population (r2 = 0).
This could indicate an epistatic relationship between rs3733591 and rs11942223 or SNPs in
high LD with this marker. As rs16890979 was the nsSNP in the most extensive LD with
rs11942223 in all populations (although only low LD in WP with r2 = 20), the relationship
between these two variants was further investigated. Logistic regression analysis of
rs3733591 (Table 3.12) showed that odds ratios for all populations except EP/WP became
more protective when adjusting by rs16890979, consistent with the allele at rs16890979
having an effect on the association of rs3733591 with gout. The same effect on logistic
regression odds ratios was observed when rs3733591 was adjusted by rs11942223. The test
for SNP-SNP interaction between rs3733591 and rs16890979 was non-significant in
combined Caucasian, combined Polynesian and EPz data sets although all odds ratios were
in a consistent direction. As a significant association of rs3733591 with gout was only
observed in the West Polynesian sample set, the test for interaction between rs3733591 and
rs16890979 and rs11942223 was also performed in the West Polynesian data set alone
(Table 3.18).
This analysis did not provide any further evidence to support the proposal of an interaction
between rs3733591 and rs16890979 or rs11942223 in West Polynesian (OR = 3.07 and P =
0.32 for rs3733591 and rs16890979, and OR = 0.39 and P = 0.34 for rs3733591 and
rs11942223). Logistic regression analysis of allele combinations also did not support this
theory, with none of the allele combinations showing a significant association with gout
(Table 3.18). However, these analyses did show some interesting preliminary observations,
as in West Polynesian there is no effect on the odds ratio of rs11942223 when analysed
172

with the minor- genotype at rs3733591, but the minor+ at rs16890979 and minor- at
rs3733591 group gave a protective odds ratio. Although, overall these analyses did not
provide any substantial evidence to support an epistatic relationship between rs3733591
and rs16890979 nor with rs3733591 and rs11942223, this could be due to the limited power
to detect an interaction given the small size of the WP data set. Alternatively an interaction
is occurring between rs3733591 and an unidentified marker in high LD with rs11942223.

Table 3-18 Logistic Regression and Interaction Terms of rs3733591 with rs16890979 and
rs11942223 in West Polynesian
WP
Allele Combinations

Obs

P

OR [95% CI]

rs3733591/rs16890979 minor -/minor rs3733591/rs16890979 minor -/minor
+
rs3733591/rs16890979 minor +/minor
rs3733591/rs16890979 minor +/minor
+

369

1.000

1.000

0.059

0.291 [0.081 – 1.049]

0.055

0.587 [0.340 – 1.012]

0.494

0.524 [0.082 – 3.344]

rs3733591/rs11942223 minor -/minor rs3733591/rs11942223 minor -/minor
+
rs3733591/rs11942223minor +/minor rs3733591/rs11942223 minor +/minor
+

SNP-SNP interaction*
P = 0.321, OR [95%CI] = 3.068 [0.335-28.111]
362
1.000
1.000
0.969

0.972 [0.232 – 4.066]

0.256

0.735 [0.432 – 1.250]

0.063

0.278 [0.072 – 1.070]

SNP-SNP interaction*
P = 0.337, OR [95%CI] = 0.389 [0.057-2.670]
Logistic regression analysis of overall SNP-SNP interaction and allele combinations in the West
Polynesian (WP) data set alone.
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The findings of the conditional haplotype-based analysis in the NZ gout cohort suggested
that nsSNPs in SLC2A9 are having an effect on the risk of gout, independent of the
association at rs11942223 that has been characterised in previous studies. To investigate
this further and increase the power of the analysis, the conditional analysis was carried out
on the control of serum urate levels in the ARIC Caucasian data set (Table 3.19). Firstly, a
standard association analysis for the nsSNPs and serum urate levels was performed in the
ARIC Caucasian data set. The beta coefficients from this analysis were mostly in a
consistent direction to the odds ratios for the combined Caucasian gout association analysis,
with the exception of rs6820230 and rs3733591 (OR1 = 1.17, P1 = 2.50e-2 and Beta2 = 0.003676, P = 3.48e-2 for rs6820230 and OR1 = 0.89, P1 = 0.183 and Beta2 = 0.001951, P2 =
0.32 for rs3733591 in 1 the combined Caucasian gout data set and 2 the ARIC SU data set).
The minor allele of rs6820230 appeared to have a protective effect on serum urate levels.
and the minor allele of rs3733591 was suggested to be associated with an increased risk of
high serum urate. The gout association analysis in combined Caucasian and the standard
serum urate association analysis in ARIC were both non-significant for rs3733591. Upon
performing the test for independent effect, rs2276961, rs6820230, rs4302456 all showed
significant P-values, suggesting that they are not having an effect on the risk of gout
independent of the association seen at rs11942223 (P = 2.71e-4, 2.56e-2 and 2.04e-2 for
rs2276961, rs6820230 and rs4302456 respectively). This is calculated based on the Fstatistic that indicated that the association of these loci with urate levels is dependent on the
haplotypic background of rs11942223. Rs2280205 showed significant association with
serum urate levels (Beta = -0.006908 and P = 6.97e-6) and had a non-significant P-value
when tested for association conditional on rs11942223 (PIE = 0.35). This supports the
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previous findings in the Caucasian gout cohort that rs2280205 has an effect on serum urate
control and gout in Caucasian which is independent of the association of rs11942223.

Table 3-19 Standard Association and Conditional Haplotype-based Association Analyses of
SLC2A9 nsSNPs with SU Conditional on rs11942223 in ARIC European Caucasian

SNP

Gout OR in
combined Cau

Beta
[95% CI]

SNP
Pallelic

F-stat

PIE

-0.006908
[-0.0099186.97e-6
1.06
3.45e-1
Rs2280205
0.003899]
-0.01288
9.51e0.89
[-0.0159- 8.23
2.71e-4
Rs2276961
17
0.009851]
-0.003676
1.17
[-0.007089- 3.48e-2
3.67
2.56e-2
Rs6820230
0.0002627]
0.01043
1.07
[0.0069126.74e-9
5.38
2.04e-2
Rs4302456
0.01396]
0.001951
0.89
[0.0019513.15e-1
4.89
2.70e-2
Rs3733591
0.00576]
-0.02216
2.21e0.63
[-0.0258- 0
Rs16890979
32
0.01852]
OR for gout combined Caucasian is as seen in Table 3.4 for the Caucasian meta-analysis of NZ
Cau, ARIC and FHS data sets. Beta is the beta coefficient and SNP Pallelic is the SNP allelic P-value
for association analysis of the SNP with serum urate in the ARIC Caucasian data set. The F-statistic
(F-stat) and PIE (the independent effect test P-value) are derived from conditional haplotype-based
association analysis to test whether the SNP is having an effect on serum urate independent of
rs11942223. The F-statistic for the conditional analysis of rs16890979 and rs11942223 was unable
to be calculated, as was also the case for these two SNPs in some of the gout population cohorts,
due to these two SNPs being in high LD with each other.
0.82
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3.9 Test for Gene-environment interaction between SLC2A9 and Sugarsweetened beverage consumption

High sugar consumption has been found to increase the risk of hyperuricemia and gout (54,
76). Furthermore, evidence for a gene-environment interaction between sugar-sweetened
beverage consumption and SLC2A9 has recently been found (74). Therefore the potential
for a gene-environment interaction between ns-variants in SLC2A9 and sugar-sweetened
beverages was investigated (Tables 3.20 and 3.21). Logistic regression analyses were
performed on SLC2A9 nsSNP genotype groups and daily sugar-sweetened beverage (SSB)
consumption. Subjects were divided into two groups, defined by their daily sugarsweetened beverage consumption ( ≥4 drinks/day or <4 drinks/day). Subgroups were
generated based on the presence or absence of the minor allele of SLC2A9 nsSNPs, and NZ
Caucasian and ARIC Caucasian, and Eastern and Western Polynesian samples were
combined to increase the power of the analyses. Odds ratios were calculated for the ≥4
SSB/day samples relative to the <4 SSB/day samples within an unstratified group, followed
by groups stratified by the presence or absence of the minor allele of nsSNPs in SLC2A9.
The unstratified group showed that consumption of ≥4 sugar-sweetened beverages per day
was associated with a considerably increased risk of gout in both Caucasian and Polynesian
data sets (OR = 2.24 and P = 0.04 in Caucasian, and OR= 2.01 and P = 1.0e-3 in combined
Polynesian). When stratified by genotype, the odds ratios for rs2280205 varied quite
considerably depending on the presence or absence of the minor allele within the ≥4
SSB/day group in the combined Caucasian data set (OR = 6.90 and P = 2.0e-3 for the minor
–ve group and OR = 1.35 and P = 0.50 for the minor +ve group). This may suggest a geneenvironment interaction whereby the major allele is conferring enhanced gout susceptibility
in the presence of high SSB consumption in Caucasian. This effect was not seen in the
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combined Polynesian data set and the test for overall gene-environment interaction was
non-significant in all data sets (Table 3.21). It may be that the results of the rs2280205
analysis in Caucasian are explained by the additive effects of high sugary drink
consumption and gout susceptibility conferred by the major allele of rs2280205.
Alternatively, the relationship could be non-additive, in the case of the analysis lacking
power to detect a significant interaction term. Gene-environment interaction analysis of
rs2276961, rs6820230, rs4302456 and rs3733591 did not suggest an interaction between
sugar-sweetened beverage consumption and any of these loci.

The test for overall gene-environment interaction between SSB consumption and
rs16890979 was non-significant (OR = 1.09 and P = 0.37 for the combined data set). This
SNP is in moderate LD with rs11942223 and the logistic regression analyses appeared to
reflect the previous findings that the rs11942223 minor allele confers gout susceptibility in
those with a high daily fructose intake (74). As the LD between these SNPs results in the
two minor alleles being frequently inherited together, there may be some concordance at
rs16890979 with what is observed when analysing rs11942223 with SSB consumption.
There does appear to be some replication of these results, with the minor allele of
rs16890979 conferring protection in the <4 SSB/day group and appearing to be a risk factor
in the ≥4 SSB/day group in the Caucasian and olynesian data sets. Overall, although
evidence of an interaction between SLC2A9 rs11942223 and sugar-sweetened beverage
consumption has been previously found (74),there was no statistically significant evidence
for interaction at any of the nsSNPs tested. However, rs2280205 should be retested in a
larger complete set.
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Table 3-20 Risk of gout for ≥4 SSB/day stratified by SLC2A9 nsSNP genotypes

≥4 SSB/day group unstratified1
rs2280205
≥4 SSB/day group minor allele negative1
≥4 SSB/day group minor allele positive1
minor allele negative, <4 SSB/day
minor allele positive, <4 SSB/day
minor allele negative, ≥4 SSB/day
minor allele positive, ≥4 SSB/day
rs2276961
≥4 SSB/day group minor allele negative1
≥4 SSB/day group minor allele positive1
minor allele negative, <4 SSB/day
minor allele positive, <4 SSB/day
minor allele negative, ≥4 SSB/day
minor allele positive, ≥4 SSB/day
rs6820230
≥4 SSB/day group minor allele negative1
≥4 SSB/day group minor allele positive1
minor allele negative, <4 SSB/day
minor allele positive, <4 SSB/day
minor allele negative, ≥4 SSB/day
minor allele positive, ≥4 SSB/day
rs4302456
≥4 SSB/day group minor allele negative1
≥4 SSB/day group minor allele positive1
minor allele negative, <4 SSB/day
minor allele positive, <4 SSB/day
minor allele negative, ≥4 SSB/day
minor allele positive, ≥4 SSB/day

Obs
8184
2134
5979

8114

2529
5580

8109

4561
3552

8113

4488
3601

8089

All combined data sets
OR [95%CI]
2.061 [1.448-2.933]

P
5.82e-5

Obs
7502

2.761 [1.111-6.863]
1.929 [1.313-2.833]
1.000
0.820 [0.641-1.049]
3.126 [1.302-7.502]
1.546 [1.004-2.381]

0.029
0.001
0.114
0.011
0.048

2035
5401

2.142 [1.210-3.793]
1.902 [1.210-2.990]
1.000
0.971 [0.777-1.212]
2.300 [1.333-3.970]
1.818 [1.140-2.900]

0.009
0.005
0.794
0.003
0.012

2253
5179

2.022 [1.360-3.006]
2.013 [0.906-4.473]
1.000
1.230 [0.973-1.554]
1.968 [1.325-2.923]
2.756 [1.295-5.865]

0.001
0.086
0.083
0.001
0.009

3963
3472

2.324 [1.319-4.096]
1.895 [1.190-3.018]
1.000
1.105 [0.894-1.367]
2.016 [1.161-3.498]
2.298 [1.439-3.670]

0.004
0.007
0.357
0.013
5.01e-4

4250
3165

NZ and ARIC European Caucasian
OR [95%CI]
2.240 [1.060-4.736]

P
0.035

Obs
682

6.897 [2.043-23.281]
1.347 [0.571-3.175]
1.000
0.939 [0.703-1.253]
7.182 [2.066-3.126]
1.315 [0.553-3.126]

0.002
0.496
0.669
0.002
0.536

99
578

1.744 [0.416-7.312]
2.492 [1.040-5.972]
1.000
0.955 [0.722-1.264]
1.772 [0.430-7.300]
2.364 [0.968-5.771]

0.447
0.041
0.748
0.428
0.059

276
401

3.094 [0.989-9.678]
1.678 [0.633-4.453]
1.000
1.167 [0.900-1.514]
3.050 [0.944-9.853]
2.076 [0.804-5.360]

0.052
0.298
0.244
0.062
0.131

598
80

2.152 [0.795-5.826]
2.655 [0.774-9.110]
1.000
0.906 [0.695-1.183]
2.191 [0.820-5.858]
2.398 [0.691-8.318]

0.132
0.120
0.469
0.118
0.168

238
436

7436

7432

7435

7415

178

678

677

678

674

Combined Māori and Pacific Island
OR [95%CI]
2.012 [1.350-2.300]

P
0.001

1.349 [0.449-4.056]
2.105 [1.368-3.239]
1.000
0.544 [0.329-0.901]
1.422 [0.489-4.140]
1.140 [0.616-2.108]

0.594
0.001
0.018
0.518
0.676

2.227 [1.192-4.162]
1.722 [1.019-2.911]
1.000
0.998 [0.693-1.437]
2.413 [1.307-4.457]
1.685 [0.959-2.962]

0.012
0.042
0.990
0.005
0.070

1.910 [1.256-2.906]
2.892 [0.694-12.056]
1.000
1.571 [0.908-2.718]
1.907 [1.254-2.900]
4.575 [1.210-17.303]

0.002
0.145
0.107
0.003
0.025

2.411 [1.209-4.807]
1.795 [1.091-2.953]
1.000
1.594 [1.107-2.294]
2.347 [1.186-4.642]
2.852 [1.667-4.877]

0.012
0.021
0.012
0.014
1.28e-4

rs3733591
≥4 SSB/day group minor allele negative1
≥4 SSB/day group minor allele positive1
minor allele negative, <4 SSB/day
minor allele positive, <4 SSB/day
minor allele negative, ≥4 SSB/day
minor allele positive, ≥4 SSB/day
rs16890979
≥4 SSB/day group minor allele negative1
≥4 SSB/day group minor allele positive1
minor allele negative, <4 SSB/day
minor allele positive, <4 SSB/day
minor allele negative, ≥4 SSB/day
minor allele positive, ≥4 SSB/day

5091
3006

8097

5127
2983

8110

1.854 [1.088-3.161]
2.096 [1.1290-3.407]
1.000
0.799 [0.641-0.996]
1.925 [1.145-3.238]
1.637 [1.005-2.665]

0.023
0.003
0.046
0.014
0.048

4823
2607

1.818 [1.255-2.632]
5.856 [1.824-18.804]
1.000
0.658 [0.509-0.849]
1.830 [1.266-2.645]
3.423 [1.097-10.683]

0.002
0.003
0.001
0.001
0.034

4505
2928

7430

7433

1

3.361 [1.356-8.328]
0.910 [0.256-3.238]
1.000
0.873 [0.662-1.151]
3.314 [1.311-8.380]
0.885 [0.261-3.006]

0.009
0.884
0.336
0.011
0.845

268
399

1.587 [0.657-3.830]
4.489 [1.066-18.907]
1.000
0.654 [0.494-0.866]
1.564 [0.646-3.789]
2.962 [0.729-12.037]

0.304
0.041
0.003
0.322
0.129

622
55

667

677

1.370 [0.722-2.600]
2.400 [1.413-4.078]
1.000
0.683 [0.475-0.983]
1.424 [0.759-2.674]
1.627 [0.926-2.861]

0.335
0.001
0.040
0.271
0.091

1.871 [1.243-2.816]
11.094 [1.021-120.565]
1.000
0.657 [0.349-1.238]
1.894 [1.260-2.847]
4.681 [0.533-41.085]

0.003
0.048
0.194
0.002
0.164

The risk is relative to the <4 SSB/day subjects in each of the respective groups (unstratified, minor allele negative, minor allele postive). All analyses were carried out while
adjusting for data set.
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Table 3-21 Interaction terms between SSB consumption and SLC2A9 nsSNP genotype
rs2280205
NZ and ARIC European Caucasian
NZ Māori and Pacific Island
Combined data sets
rs2276961
NZ and ARIC European Caucasian
NZ Māori and Pacific Island
Combined data sets
rs6820230
NZ and ARIC European Caucasian
NZ Māori and Pacific Island
Combined data sets
rs4302456
NZ and ARIC European Caucasian
NZ Māori and Pacific Island
Combined data sets
rs3733591
NZ and ARIC European Caucasian
NZ Māori and Pacific Island
Combined data sets
rs16890979
NZ and ARIC European Caucasian
NZ Māori and Pacific Island
Combined data sets

Obs
7436
678
8114
Obs
7432
677
8109
Obs
7435
678
8113
Obs
7415
674
8089
Obs
7430
667
8097
Obs
7433
677
8110

OR [95% CI]
0.843 [0.648-1.096]
1.108 [0.861-1.425]
0.928 [0.784-1.100]
OR [95% CI]
1.057 [0.808-1.384]
0.885 [0.750-1.045]
0.935 [0.821-1.064]
OR [95% CI]
0.969 [0.761-1.233]
1.165 [0.870-1.559]
1.060 [0.912-1.231]
OR [95% CI]
0.862 [0.671-1.108]
0.883 [0.740-1.055]
0.951 [0.835-1.082]
OR [95% CI]
0.841 [0.651-1.088]
1.084 [0.915-1.283]
0.992 [0.875-1.126]
OR [95% CI]
1.188 [0.912-1.547]
0.988 [0.716-1.363]
1.090 [0.903-1.315]

P-value
0.202
0.427
0.391
P-value
0.685
0.151
0.308
P-value
0.795
0.306
0.448
P-value
0.246
0.170
0.442
P-value
0.187
0.351
0.903
P-value
0.201
0.942
0.371

Formal test for gene-environment interaction between sugar-sweetened beverage (SSB)
consumption and SLC2A9 non-synonymous SNP genotypes in Caucasian, NZ Māori and
Polynesian and combined data sets. Where obs = number of subjects observed in each data set
and logistic regression analyses have been adjusted by data set.
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Results Section 2

Intronic Variants in SLC2A9
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3.10 Extended Analysis of Hollis-Moffatt et al SLC2A9 Protective
Haplotype Variants

In 2009, Hollis-Moffatt et al tested SLC2A9 haplotypes for association with gout in
NZ Caucasian, Māori and Pacific Island case-control cohorts (20). Their findings
show a consistent pattern of SLC2A9 haplotype association in Caucasian, Māori and
Polynesian samples when four markers (rs16890979, rs5028843, rs11942223 and
rs12510549) were analysed. There was evidence of protective 4-marker haplotypes in
the three cohorts, which predominantly had a minor allele at rs16890979, rs5028843,
and rs11942223. In particular, the 1/1/2/1 haplotype (rs16890979-rs5028843rs11942223-rs12510549) was not present in a single case in any of the three cohorts.
Comparison of the 1/1/2/1 haplotype to the 1/1/1/1 haplotype in Māori, Pacific Island
and Caucasian showed a significant overrepresentation of 1/1/1/1 in controls and a
significant overrepresentation of 1/1/2/1 in cases. These data suggest that rs11942223
is the variant driving the association and the best etiological candidate. To further
investigate these findings, this analysis was extended over newly recruited NZ
Caucasian and Polynesian cases and controls with the three markers (rs16890979,
rs5028843, and rs11942223) that appeared to contribute to the protective haplotypes
observed by Hollis-0Moffatt et al. Association analysis was carried out between these
three SNPs and gout (Table 3.22 with rs16890979 also featured in Table 3.4 and 3.5
of results section 1 without AT07 controls). Rs16890979 showed evidence of a
significant association with gout in West Polynesian and NZ Caucasian but not in any
other Pacific populations (OR = 0.42 and P = 0.05 in WP and OR = 0.58 and P =
4.76e-6 in NZ Cau). The minor allele of rs5028843 had a significant protective effect
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in NZ Caucasian, and mixed EP/WP (OR = 0.63 and P = 3.37e-05 for NZ Cau and P =
0.01 for mixed EP/WP where OR could not be calculated due to a lack of reference
group). Lastly, rs11942223 was significantly associated with gout in NZ Caucasian,
EPz and mixed EP/WP populations (OR = 0.52, P = 5.89e-8, OR = 0.50, P = 0.05 and
OR = 0.14, P = 0.04 for NZ Cau, EPz and mixed EP/WP respectively). There was no
evidence for a significant association of rs11942223 with gout in West Polynesian
(OR = 0.514 and P = 0.097). Interestingly, it seems that upon the inclusion of more
samples in the analysis, rs11942223 is having less of an effect in East and West
Polynesian compared with data in Hollis-Moffatt et al, 2009(20).
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Table 3-22 Extension of Association Analysis of rs16890979, rs5028843 and rs11942223 in NZ Caucasian and Polynesian

Rs16890979 (SLC2A9)
NZ Caucasian
ARIC
FHS

CC
313
(0.745)
109
(0.712)
58 (0.682)

Cases
TC
92 (0.219)

TT
15 (0.036)

40 (0.261)

4 (0.026)

MAF
T
122
(0.145)
48 (0.157)

21 (0.247)

6 (0.071)

23 (0.144)

7 (0.037)

1 (0.005)

9 (0.024)

11 (0.229)

0 (0.000)

11 (0.115)

9 (0.036)

0 (0.000)

9 (0.018)

2 (0.105)

0 (0.000)

2 (0.053)

CC
368
(0.608)
4166
(0.598)
3931
(0.593)

Meta-analysis^
NZ EP(n)
NZ EP(z)
NZ WP
NZ EP/WP

181
(0.958)
37 (0.771)
239
(0.964)
17 (0.895)

233
(0.928)
128
(0.711)
132
(0.930)
19 (0.760)

NZ Caucasian
ARIC
FHS
Meta-analysis^
NZ EP(n)
NZ EP(z)
NZ WP
NZ EP/WP
Meta-analysis^
Overall Meta-analysis

PHWE

Pgenotype

Pallele

OR [95% CI]

0.007

2.83e-5

4.76e-6

0.580 [0.459-0.734]

0.450

0.014

0.004

0.639 [0.468- 0.871]

0.019

0.151

0.234

0.793 [0.541-1.162]

18 (0.072)

0 (0.000)

18 (0.036

0.337

0.157

0.305

0.656 [0.291-1.477]

46 (0.256)

6 (0.033)

58 (0.161)

0.613

0.388

0.258

0.674 [0.339-1.341]

8 (0.056)

2 (0.014)

12 (0.042)

0.026

0.109

0.045

0.419 [0.174-1.007]

6 (0.240)

0 (0.000)

6 (0.120)

1.000

0.251

0.276

0.407 [0.077-2.142]

0.665

1.02e-04

3.37e-05

0.630 [0.505-0.784]

0.564

0.015

0.004

0.6412 [0.471-0.873]

0.948

0.218

0.101

0.727 [0.4961-1.065

0.524

0.181

0.066

0.504 [0.240-1.059]

Test of OR=0.57 : z= 2.50 p = 0.013

Meta-analysis^
Overall Meta-analysis
Rs5028843 (SLC2A9)

Controls
MAF
TC
TT
T
200
37 (0.061)
274
(0.331)
(0.226)
2460
342
3144
(0.353)
(0.049)
(0.226)
2306
391
3088
(0.348)
(0.059)
(0.233)
Test of OR=0.42 : z= 2.23 p = 0.026

Test of OR=0.48 : z= 2.91 p = 0.004
CC
285
(0.687)
108
(0.697)
56 (0.659)

TC
114
(0.275)
41 (0.265)

TT
16 (0.039)
4 (0.026)

C
146
(0.176)
49 (0.160)

25 (0.294)

4 (0.047)

33 (0.194)

178
(0.947)
37 (0.787)

10 (0.053)

0 (0.000)

10 (0.027)

10 (0.213)

0 (0.000)

10 (0.106)

234
(0.963)
19 (1.000)

9 (0.037)

0 (0.000)

9 (0.019)

0 (0.000)

0 (0.000)

0 (0.000)

CC
346
(0.554)
4129
(0.593)
3741
(0.564)
228
(0.901)
120
(0.670)
129
(0.935)
18 (0.750)
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TC
TT
C
240
38 (0.061
316
(0.385)
(0.253)
2484
355
31 (0.229)
(0.356)
(0.051)
2475
412
3299
(0.373)
(0.062)
(0.249)
Test of OR=0.65 : z= 5.23 p = 1.69e-7
24 (0.095)
1 (0.004)
26 (0.051)
55 (0.307)

4 (0.022)

63 (0.176)

0.465

0.230

0.103

0.557 [0.274-1.134]

7 (0.051)

2 (0.014)

11 (0.040)

0.022

0.136

0.077

0.455 [0.186-1.111]

5 (0.208)

1 (0.042)

7 (0.146)

0.232

0.063

0.014

-

Test of OR=0.53 : z= 2.84 p = 0.004
Test of OR=0.63 : z= 5.89 p = 3.86e-9

Rs11942223(SLC2A9)
NZ Caucasian
ARIC
FHS

CC
311
(0.751)
110
(0.719)
57 (0.671)

CT
96 (0.232)

TT
7 (0.017)

39 (0.255)

4 (0.026)

T
110
(0.133)
47 (0.154)

25 (0.294)

3 (0.035)

31 (0.182)

180
(0.952)
39 (0.796)

8 (0.042)

1 (0.005)

10 (0.026)

10 (0.204)

0 (0.000)

10 (0.102)

12 (0.049)

0 (0.000)

12 (0.025)

1 (0.053)

0 (0.000)

1 (0.026)

CC
373
(0.591)
4221
(0.606)
3978
(0.600)

Meta-analysis^
NZ EP(n)
NZ EP(z)
NZ WP
NZ EP/WP

232
(0.951)
18 (0.947)

226
(0.897)
117
(0.650)
128
(0.921)
16 (0.667)

CT
TT
T
228
30 (0.048)
288
(0.361)
(0.228)
2423
324
3071
(0.348)
(0.046)
(0.220)
2317
333
2983
(0.350)
(0.050)
(0.225)
Test of OR=0.61 : z= 4.37 p = 1.24e-5

0.846

3.32e-7

5.89e-8

0.518 [0.408-0.659]

0.383

0.016

0.005

0.642 [0.469-0.878

0.917

0.405

0.185

0.768 [0.519-1.136]

26 (0.103)

0 (0.000)

26 (0.052)

0.476

0.032

0.062

0.500[0.238-1.049]

59 (0.328)

4 (0.022)

67 (0.186)

0.347

0.120

0.049

0.497[0.245-1.007]

9 (0.065)

2 (0.014)

13 (0.047)

0.071

0.136

0.097

0.514 [0.231-1.142]

8 (0.333)

0 (0.000)

8 (0.167)

1.000

0.025

0.035

0.135 [0.016-1.133]

Meta-analysis^

Test of OR=0.48 : z= 3.43 p = 0.001

Overall Meta-analysis

Test of OR=0.58 : z= 6.78 p = 1.20e-11

Association analysis of rs16890979, rs5028843 and rs11942223 genotyped over 2009 sample set, as analysed by Hollis-Moffatt et al (20) with the addition of
new samples available for analysis in 2012 (including the AT07 DNA box control samples).
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As these SNPs are in LD with each other, a haplotype analysis was performed to
investigate patterns of haplotype inheritance in the larger gout population cohorts
(Table 3.23). Consistent with Hollis-Moffatt et al, the 2/2/2 haplotype which has
minor alleles at rs16890979, rs5028843 and rs11942223 had a protective effect,
whereas the 1/1/1 haplotype conferred susceptibility to gout. Significance was
reached for the 1/1/1 haplotype in NZ Caucasian and West Polynesian (OR =
1.78, P = 2.86e-6 and OR = 19.76, P = 3.12e-8 for NZ Cau and WP respectively).
The 2/2/2 haplotype was significantly associated in NZ Caucasian and mixed
EP/WP (OR = 0.50, and P = 1.93e-7 for NZ Cau and P = 0.02 in EP/WP where OR
could not be calculated as there was no reference group). The haplotype 1/1/2,
which was notably absent in cases in the three population cohorts analysed by
Hollis-Moffat et al, remained absent in Caucasian and EPz (frequency = 0.01 and
0.02 in controls for NZ Cau and EPz respectively). This haplotype was present at
a low frequency in cases in the other three cohorts (frequency = 0.01, 4.0e-3 and
0.03 in EPn, WP and EP/WP controls respectively). Odds ratios could only be
calculated for EPn and West Polynesian, where both were in a protective direction
with a significant association with 1/1/2 and gout evident in West Polynesian (OR
= 0.38, P = 0.20 and OR = 0.10, P = 1.77e-4 for EPn and WP respectively). These
results support previous work suggesting that rs11942223 is driving the
association seen at these haplotypes. This is highlighted by comparison of the
1/1/1 and 1/1/2 haplotypes whereby substitution of the major allele for the minor
at rs11942223 alone changes the direction of odds ratio from susceptible to
protective in all populations where the OR could be calculated and haplotype
1/1/2 is absent from gout cases in cohorts where OR could not be given. Similar to
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what was concluded by Hollis-Moffat et al, it appears that rs11942223 and
variants in complete LD are better etiologic candidates in SLC2A9 than rs5028843
and rs16890979. However, the haplotype analyses in these larger cohorts, suggest
that the 1/1/2 haplotype (which was completely absent from cases in the HollisMoffatt et al analyses) does occur in gout cases at a very low frequency in at least
some populations (EPn, WP and EP/WP). Also, the SNP association analyses
suggest that rs11942223 may be playing less of a role in Polynesian with no
significant association at this SNP indicated in East Polynesian (high ancestry) or
West Polynesian. Therefore, despite the apparently strong protective effect of the
rs11942223 minor allele in Caucasian, there may be other genetic and/or
environmental factors that play a more considerable role in Polynesian
populations. Differences between West and East Polynesian haplotype association
is also seen, with haplotypes containing the minor allele of rs11942223 associated
with a significant protective effect in West Polynesian but no evidence for a
significant association was evident in East Polynesian. Low LD between
haplotype SNPs would result in a large number of haplotypes and many
associated haplotypes if one or more of the SNPs was associated with gout. The
large number of protective haplotypes seen in West Polynesian is consistent with
low LD between the three SNPs in WP (Fig 3.8D). Differing patterns of linkage
disequilibrium and differences in other genetic and environmental factors between
populations may underlie these observations.
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Table 3-23 Haplotype Analysis of rs16890979, rs5028843 and rs11942223 in NZ
Caucasian and Pacific Island populations
Case(freq)
Control(freq) Fisher's p
Odds Ratio [95%CI]
NZ Cau
638 controls & 421
cases observed
111
652.01(0.801) 853.09(0.729)
2.86e-6
1.778 [1.395-2.266]
222
88.12(0.108) 231.09(0.198)
1.93e-7
0.499 [0.383-0.650]
121
25.16(0.031)
32.46(0.028)
0.637
1.136 [0.669-1.927]
221
8.89(0.011)
16.42(0.014)
211
19.93(0.024)
9.03(0.008)
112
0.00(0.000)
8.43(0.007)
EPn
255 controls & 191
cases observed
353.98(0.962) 459.91(0.935)
0.081
1.762 [0.927-3.351]
111
222
7.00(0.019)
18.00(0.037)
0.129
0.510 [0.211-1.235]
121
2.01(0.005)
6.09(0.012)
0.299
0.438 [0.089-2.170]
2.01(0.005)
7.09(0.014)
0.204
0.376 [0.078-1.809]
112
2.00(0.005)
0.00(0.000)
0.101
211
221
EP(z)
182 controls & 49
cases observed
83.00(0.883) 275.51(0.783)
0.279
1.515 [0.711-3.228]
111
9.00(0.096)
45.26(0.129)
0.279
0.660 [0.310-1.406]
222
121
1.00(0.011)
7.21(0.020)
112
0.00(0.000)
7.21(0.020)
0.00(0.000)
3.46(0.010)
221
1.00(0.011)
2.82(0.008)
211
WP
144 controls & 249
cases observed
467.00(0.977) 240.81(0.912)
3.12e-8
19.764 [4.587-85.159]
111
2.00(0.004)
11.19(0.042)
1.77e-4
0.096 [0.021-0.434]
112
0.00(0.000)
9.19(0.035)
4.41e-5
221
222
8.00(0.017)
1.81(0.007)
0.00(0.000)
1.00(0.004)
211
121
Mixed EP/WP
25 controls & 19
cases observed
111
35.00(0.921)
37.00(0.804)
0.186
2.523 [0.619-10.282]
0.00(0.000)
6.00(0.130)
0.019
222
1.00(0.026)
2.00(0.043)
0.659
0.581 [0.051-6.669]
112
121
0.00(0.000)
1.00(0.022)
211
2.00(0.053)
0.00(0.000)
0.119
221
Haplotypes with a frequency <0.03 in both controls & cases in all populations have been
dropped. Haplotypes are in order of descending frequency in controls.
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3.11 Investigation of a role for rs4529048 in Serum Urate Control,
Gout and Type 2 Diabetes Mellitus in NZ Caucasian and
Polynesian cohorts

Sull et al, identified rs4529048 in SLC2A9 as the top SNP associated with serum urate
levels in their Korean study using multivariate linear regression models to test for
effects on urate levels while adjusting for age, sex, and smoking status (133). This
SNP, along with the other top 4 urate associated SN s from Sull et al’s work, were
investigated for linkage disequilibrium with the other variants in SLC2A9 being
investigated in our NZ cohorts. Linkage disequilibrium as well as beta coefficients
and P-values from Sull et al and Yang et al’s studies for these 5 SNPs are summarised
in Table 3.24. Rs16889509, rs16891234 and rs9992406 were in high LD with each
other in either Caucasian, Chinese or in both populations. Rs10516195 had no
hapmap LD data available for analysis. There appear to be considerable differences in
the LD patterns within SLC2A9 between Caucasian and Chinese populations. Notably
rs4529048 was in moderate LD with rs11942223 in Caucasian (r2 = 67) but there was
no LD between these SNPs in Chinese (r2 = 1). Rs4529048 was not in LD in Chinese
with any other SNPs being investigated (with the exception of rs3733591 where there
was low LD (r2 = 23)). In Caucasian it was not in high LD with any other SNPs being
investigated, although there was moderate LD with rs11942223 (as mentioned) as
well as low-moderate LD with rs6449164, rs5028843, rs16890979 and rs6811287 (r2
= 24, 62, 47 and 27 respectively). Despite the moderate LD with these SNPs in
Caucasian, rs4529048 was analysed for association with gout and serum urate in the
NZ gout cohorts, conditional on rs11942223.
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Figure 3.9 LD plot of SLC2A9 SNPs of interest in CHB. LD plot of SLC2A9 SNPs of interest
in CHB where the black box between markers rs4529048 and rs1014290 demonstrates
complete LD between the two.
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Figure 3.10. LD plot of SLC2A9 SNPs of interest in CEU
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Table 3-24 Sull et al (133), Top 5 Urate SNPs Summary

Rs16889509*

Rs16891234*

Rs9992406*

Rs4529048
Rs10516195

LD structure
between Sull SNPs
and SNPs
investigated in this
study in CEU (R2)
Moderate LD with
rs11934363 (53)

Moderate – high LD
with rs10008035 and
rs6820230 (87 and 69
respectively)
Moderate – high LD
with rs10008035 and
rs6820230 (93 and 57
respectively)
Moderate LD with
rs11942223 (67)
Data not available

LD structure between
Sull SNPs and SNPs
investigated in this
study in CHB (R2)

Position
(Hapmap)

MAF CEU
1000
genomes

MAF Sull
Korean
cohort

Beta
(Sull et al,
2012)

P
value

Beta
(Yang et
al, 2010)

P value

Moderate – high LD with
-rs11934363,
rs10008035, rs6820230
(>60)
Moderate – high LD with
rs10008035 and
rs6820230 (86 and 61
respectively)
Moderate – high LD with
rs10008035, rs6820230
and rs11934363 (86, 60
and 78 respectively)
No LD with rs11942223
(1)
Data not available

4:9,457,424

0.14

0.072

0.027

2.23e-6

No data

No data

4:9,555,261

0.22

0.076

0.026

3.80e-6

-0.007

1.3e-18

4:9,595,386

0.21

0.078

0.026

3.95e-6

0.007

1.5e-20

4:9,606,210

0.24

0.407

-0.015

2.12e-6

0.023

5.2e-236

4:9,610,931

0.05

0.385

-0.014

5.52e-6

No data

No data

CEU = Caucasian, CHB = Han Chinese, position according to the International Hapmap Project.
*SNPs in high LD with each other in either CEU,CHB or both.
Effect size () for the 5 most significant SNPs observed in the Sull et al, 2012 Seoul City cohort (n = 961) and associated P value for serum urate
association under a multiple linear regression model, accounting for the effects of age, sex and smoking status.
Yang et al, 2010 involved a meta-analysis of 5 population cohorts from the CHARGE consortium (n = 28,283 white individuals).
Sull and Yang Urate Betas have been converted to the same units (mmol/L).
See Table 2.1 for further information on the SNPs in this table that were examined for their LD structure with Sull et al SNPs (133).
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3.12 Association Analysis of rs4529048 with Gout in NZ Caucasian
and Polynesian

Association analysis of rs4529048 with gout in Caucasian and NZ Polynesian samples
showed evidence of association in NZ Caucasian, ARIC Caucasian and West
Polynesian (OR = 0.60 and P = 4.84e-6, OR = 0.70 and P = 0.01 and OR = 0.65 and P
= 4.0e-3 for NZ Cau, ARIC and WP respectively, Table 3.25). Odds ratios in all
populations were consistently protective and the Caucasian, and overall meta-analyses
were significantly associated with gout (OR = 0.65, P = 1.16e-7 and OR = 0.71, P =
1.71e-5 in Caucasian and overall combined meta-analyses respectively). When
rs4529048 was tested for an effect on gout risk independent of rs11942223, the
association looked to be independent in Caucasian, with a non-significant P-value for
the independent effect test (PIE = 0.29 in NZ Caucasian and PIE = 1.00 in ARIC). This
result was not as expected, given the moderate LD between rs4529048 and
rs11942223 in Caucasian and the apparent strong effect of this variant in Caucasian
(r2 = 67). Furthermore, in West Polynesian the P-value for the test of independent
effect was significant (PIE = 2.88e-3), suggesting that the effect of rs4529048 is
conditional on the genotype at rs11942223 in West Polynesian. This is interesting as
the LD between rs4529048 and rs11942223 is very low in the Chinese dataset that has
similar allele frequencies to West Polynesian (Fig 3.9). When the LD was directly
investigated in West Polynesian, it was also very low (R2 = 1). The data for these
analyses was rechecked given the inconsistencies with what was expected according
to the LD between SNPs in these populations. However, the results remained the
same. It is possible that rs4529048 is exerting an effect on gout risk independent to
that of rs11942223 in Caucasian despite the moderate LD between the SNPs. It is also
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possible that the effect of rs4529048 in WP is mediated perhaps via a variant in LD
with rs11942223 given that rs11942223 is not itself associated with gout in West
Polynesian. Replication of these results in larger Caucasian and West Polynesian
sample sets would provide more confidence about the reliability of these findings.

196

Table 3-25 Association Analysis of rs4529048 with Gout in Caucasian and NZ Polynesian populations
Cases
AA

rs4529048

AC

MAF*
CC

C

Controls
AA

AC

MAF*
CC

PHWE

Gout
Pallelic

X2

PIE

6

2.47

0.291

0.014

0

1.000

0.109

0

1.000

0.997

0.24

0.887

0.768

5.11

0.078

0.004

8.88

2.88e-3

0.083

-

-

C

NZ Cau

284(0.693)

113(0.276)

13(0.032)

139(0.170)

351(0.559)

234(0.373)

43(0.068)

320(0.255)

0.431

ARIC

99(0.651)

48(0.316)

5(0.033)

0.191

3825(0.557)

2620(0.381)

425(0.062)

0.253

0.4

FHS

55(0.060)

23(0.277)

5(0.060)

0.199

3678(0.555)

2544(0.384)

406(0.061)

0.253

0.2899

Meta
analysis^*

Gout OR

0.597[0.4780.746]
0.698[0.5230.931]
0.732[0.4991.074]

4.84e-

Test of OR=0.65 [0.55-0.76] : z= 5.30 p = 1.16e-7

EPn

123(0.665)

53(0.286)

9(0.049)

71(0.192)

167(0.668)

70(0.280)

13(0.052)

96(0.192)

0.064

EPz

26(0.565)

19(0.413)

1(0.022)

21(0.228)

105(0.587)

61(0.341)

13(0.073)

87(0.243)

0.715

WP

91(0.371)

119(0.486)

35(0.143)

189(0.386)

39(0.275)

66(0.465)

37(0.261)

140(0.493)

0.605

EP/WP

10(0.556)

8(0.444)

0(0.000)

8(0.222)

7(0.280)

16(0.640)

2(0.080)

20(0.400)

0.160

Meta
analysis^*

0.999[0.7101.406]
0.921[0.5351.587]
0.646[0.4810.868]
0.429[0.1631.129]

PI

Test of OR= 0.78 [0.57-1.05] : z= 1.64 p = 0.101

All NZ Populations

Test of OR=0.72 [0.56-0.91] : z= 2.68 p = 0.007

All Populations

Test of OR=0.71 [0.60-0.83] : z= 4.30 p = 1.71e-5

2

X and PIE were given by the conditional haplotype-based association analysis of rs4529048, which was a likelihood-ratio test for effect
independent of rs11942223. X2 and PIE could not be calculated for EP/WP due to collinearity issues.
*Meta analyses are of the rs4529048 association analyses of the above or designated populations.
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3.13 Association Analysis of rs4529048 with Serum Urate Control in
NZ Caucasian and Polynesian

Linear regression of rs4529048 with serum urate levels was largely consistent with
the gout association analysis findings in Caucasian (Table 3.26). The gout odds ratios
were protective in all three Caucasian populations and statistically significant in NZ
Caucasian and ARIC data sets. In the unadjusted urate analyses, the minor allele of
rs4529048 was significantly associated with low serum urate levels (beta = -0.030 and
P = 4.0e-3, beta = -0.021 and P = 3.19e-30, and beta = -0.023 and P = 1.29e-20 for NZ
Cau, ARIC and FHS respectively). When haplotype-based association analysis of
rs4529048 with SU conditional on rs11942223 was performed in the Caucasian data
sets, the P value was significant in both ARIC and FHS data sets, suggesting that the
association seen rs4529048 may not be independent of rs11942223 (F-Stat = 7.22, PIE
= 7.38e-4, and F-Stat = 7.58, PIE = 5.21e-4 for ARIC and FHS respectively). This
might have been expected given the moderate LD between these variants in
Caucasian. However, in contrast the gout conditional analyses of rs4529048 with
rs11942223 showed rs4529048 to be independently associated with gout in Caucasian
(NZ Cau and ARIC).

Adjusted SU linear regression analyses were also carried out in the Caucasian data
sets. In these analyses, linear regression of rs4529048 with SU was performed while
adjusting by type 2 diabetes mellitus (T2D) affection status. SU has been identified as
a risk factor for T2D and rs4529048 is in high LD with rs1014290, which has been
associated with T2D in Han Chinese (153). The LD between these markers and other
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SLC2A9 SNPs selected in this study is shown in Fig 3.9 for CHB and Fig 3.10 for
CEU. These analyses also had all gout and renal disease cases, use of urate lowering
medications, and T2D cases either removed from the data sets or adjusted for.
Consistent with the unadjusted results, the minor allele of rs4529048 was significantly
associated with low serum urate concentration in all three Caucasian data sets (beta =
-0.036, P = 0.030, beta = -0.020, P = <1.33e-15, and beta = -0.022, P = 8.07e-13 for NZ
Cau, ARIC and FHS respectively).

.
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Table 3-26 Linear Regression of rs4529048 with Serum Urate in Caucasian
SU n1
NZ Cau

301

ARIC

5361

FHS

3533

SU Beta [95%CI]1
-0.030 [-0.051 - 0.009]
-0.021 [-0.024- 0.017]
-0.023 [-0.028- 0.018]

SU P1

F-Stat

PIE

SU n2

SU Beta [95%CI]2

SU P2

0.004

1.64

0.198

164

-0.036 [-0.069 - -0.0035222

0.030

3.19e-30

7.22

7.38e-4

5223

-0.020 [-0.024- -0.0167]

<1.33e-15

1.29e-20

7.58

5.21e-4

3269

-0.022 [-0.028 - -0.016]

8.07e-13

1

Number of subjects (n), beta coefficient (Beta) and allelic P-value of unadjusted rs4529048 linear regression with serum urate (SU) in FHS, NZ Caucasian
gout case-control data set, and ARIC urate analysis samples.
2

Observed number of participants (Obs), beta and allelic P-value for linear regression of rs4529048 with SU adjusted by Type 2 diabetes mellitus affection
status in ARIC and FHS Caucasian data sets where gout and renal disease cases, and people on diuretics or urate lowering drugs have been removed. The NZ
Caucasian analysis has also been adjusted by T2D, gout and use of urate lowering drugs.
Haplotype-based association analysis of rs4529048 conditional on rs11942223 (F-Stat and PIE) was carried out on the unadjusted datasets as described above1.
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Linear regression of rs4529048 with SU was also performed in the Polynesian data
sets. Unadjusted analyses in the EPn, EPz, WP and mixed EP/WP gout case-control
data sets showed no evidence of association with urate levels (Table 3.27). These data
sets contained gout cases and people on urate lowering drugs, which may have
prevented the detection of association with serum urate in Polynesian. Adjusted linear
regression analyses in combined Polynesian data sets were also carried out to control
for confounders such as gout and urate lowering medications, as well as adjusting by
T2D as was previously investigated in our Caucasian data sets. Polynesian data sets
were combined to increase power, as the numbers of individuals without gout and
with SU level information is low in the individual data sets. Firstly, all Polynesian
data sets were combined and analysed and secondly EPz was removed from this
analysis due to the high Caucasian admixture in this data set. The adjusted analyses
showed no evidence of rs4529048 having an association with serum urate control in
the combined Polynesian data sets, although beta-coefficients were in a consistent
direction to those in the Caucasian analyses (beta = -0.012, P = 0.23, and beta = 0.012, P = 0.30 for combined Polynesian and combined Polynesian with EPz
removed, respectively). Beta-coefficients for the SU analyses in Caucasian and
Polynesian sample sets were in a consistent direction to those observed in the Korean
sample set analysed by Sull et al (beta = -0.015 and P = 2.12e-6) (133).
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Table 3-27 Linear Regression of rs4529048 with Serum Urate Control in Polynesian
SU n

SU Beta [95%CI]

SU P

EPn1

250

-0.016 [-0.037-0.006]

0.159

EPz1

67

0.005 [-0.042-0.033]

0.796

WP1

252

-0.015 [-0.033-0.004]

0.122

EP/WP1

22

0.043 [-0.062-0.147]

0.404

290
-0.012 [-0.033 - 0.008]
0.229
Combined Polynesian2
Combined Polynesian with EPz
246
-0.012[-0.033 - 0.010]
0.295
removed3
1
Number of subjects (n), beta coefficient (Beta) and allelic P-value of unadjusted rs4529048
linear regression with serum urate (SU).
2

Linear regression of combined Polynesian gout data set, adjusted by use of urate lowering
drugs, T2D, gout and data set.
3

Same analysis as combined Polynesian (above) but with the EPz data set removed due to the
high Caucasian admixture in this data set.
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3.14 Association Analysis of rs4529048 with T2D in NZ Caucasian
and Polynesian

As mentioned in the SU analyses, rs4529048 is in high linkage disequilibrium with
rs1014290, a variant which has been associated with T2D in Han Chinese (153).
Therefore, logistic regression of rs4529048 with T2D was carried out in the
Caucasian and Polynesian data sets (Table 3.28). Both unadjusted logistic regression
and analyses adjusted by SU were performed. In the initial unadjusted analyses, FHS
was the only data set to display evidence of an association with T2D that was
statistically significant (OR = 0.57 and P = 0.04). The odds ratios for the three
Caucasian data sets, as well as EPz and mixed EP/WP, were in a consistent protective
direction. When SU was adjusted for, NZ Caucasian was the only data set to appear
significantly associated with T2D (OR = 0.34 and P = 0.05). Again, the odds ratios for
the Caucasian and EPz data sets remained in a protective direction. The protective
effect of the minor (C) allele seen in these data sets was consistent with the direction
of association of rs1014290 with T2D found by Liu et al in Chinese (153). It was
interesting that the protective effect was only seen in Caucasian and EPz sample sets
in this analysis.
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Table 3-28 Logistic Regression of rs4529048 with Type 2 Diabetes in NZ Caucasian and Pacific Island Populations
rs4529048

Obs

T2D Pallelic1

T2D OR1

Obs

T2D Pallelic2

T2D OR2

NZ Cau

1025

0.302

0.809[0.540-1.210]

298

0.047

0.344 [0.121-0.984]

ARIC

5223

0.724

0.953 [0.728-1.247]

5223

0.396

0.889 [0.678-1.167]

FHS

3508

0.039

0.568 [0.332-0.972]

3508

0.071

0.606 [0.352-1.044]

EPn

379

0.743

1.075 [0.697-1.659]

329

0.102

1.571 [0.914-2.699]

EPz

186

0.329

0.668 [0.297-1.501]

67

0.383

0.563 [0.155-2.048]

WP

364

0.525

1.144 [0.756-1.730]

246

0.934

1.023 [0.599-1.749]

EP/WP

41

0.143

0.267 [0.046-1.563]

-

-

-

1

Allelic P-value and odds ratio (OR) for the unadjusted association analysis of rs4529048 with type 2 diabetes mellitus (T2D)

2

Allelic P-value and OR rs4529048 association analysis with T2D adjusted by serum urate.

3

Meta-analysis of Caucasian and Polynesian unadjusted T2D association analyses.
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3.15 Association Analysis of rs13124007 with Gout in NZ Data sets

Two variants in the presumptive promoter region of SLC2A9 were found to be
associated with gout in a Chinese male population (132). One of these variants,
rs13124007 (MAF = 0.09 in CHB), was found not to be in LD with any of the SNPs
in SLC2A9, which had already been selected for analysis in the NZ gout case-control
data sets (Fig 3.9 and 3.10). It was therefore genotyped for analysis in the New
Zealand Caucasian and Polynesian gout data sets using Sequenom Mass Array
genotyping (Table 3.29). The minor allele frequency was low in the Polynesian data
sets (0.058 in WP – 0.269 in EPz) compared with the higher frequency in Caucasian
(0.393 in NZ Cau – 0.440 in FHS). Results of the association analysis did not suggest
an association between gout and rs13124007 in any of the data sets investigated (P
>0.05 in NZ Cau, ARIC, FHS, EPn, EPz, WP and mixed EP/WP). Caucasian,
Polynesian and overall meta-analyses also did not suggest an association.

205

Table 3-29 Association Analysis of rs13124007 with gout in Caucasian and Polynesian Data sets
Cases
Rs13124007

GG

GC

MAF*
CC

Controls

G

GG

GC

MAF*
CC

PHWE

Gout
Pallelic

G

NZ Cau

59(0.143)

207(0.5)

148(0.357)

325(0.393)

113(0.158)

310(0.432)

294(0.410)

536(0.427)

0.801

ARIC

26(0.170)

74(0.484)

53(0.346)

126(0.412)

1228(0.178)

3345(0.486)

2307(0.335)

5801(0.422)

0.807

FHS

11(0.133)

51(0.614)

21(0.253)

73(0.440)

1161(0.175)

3269(0.493)

2198(0.332)

5591(0.422)

0.333

0.866(0.7241.035)
0.960(0.7631.209)
1.076(0.7911.465)

0.113
0.731
0.641

Test of OR=0.93 : z= 1.13 p = 0.257

Meta analysis
EPn

0(0)

34(0.136)

216(0.864)

34(0.068)

1(0.004)

32(0.133)

207(0.863)

34(0.071)

0.720

EPz

3(0.058)

22(0.423)

27(0.519)

28(0.269)

10(0.062)

63(0.391)

88(0.547)

83(0.258)

0.723

WP

0(0)

28(0.116)

214(0.884)

28(0.058)

1(0.008)

12(0.098)

109(0.893)

14(0.057)

1

EP/WP

0(0)

5(0.278)

13(0.722)

5(0.093)

1(0.045)

6(0.273)

15(0.682)

8(0.119)

1

Meta analysis

Gout
OR(CI)

PI

Test of OR=0.99 : z= 0.08 p = 0.940

All NZ Populations

Test of OR=0.90 : z= 1.40 p = 0.162

All Populations

Test of OR=0.94 : z= 1.07 p = 0.283
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0.957(0.5851.567)
1.061(0.6431.749)
1.009(0.5211.953)
0.726(0.2152.449)

0.862
0.817
0.979
0.605

The gout association analysis was also carried out in males only data sets to
investigate the possibility of the SNP having a stronger effect in males, perhaps
explaining why an association was detected the Chinese male data set analysed by Li
et al, and not in the NZ gout sample sets (Table 3.30). The male only data sets were
also not suggestive of an association with gout at rs13124007 (P >0.05 in NZ Cau,
ARIC, FHS, EPn, EPz, WP and mixed EP/WP). Meta-analyses of the Polynesian data
sets and overall combined data sets, were also non-significant.

When rs13124007 was tested for association with serum urate control in ARIC
Caucasian data sets, there was evidence of association in both the full data set and the
males only data set (Table 3.31; beta = -0.013, P = 3.55e-17, and beta = -0.007, P =
13.0e-3 in the full ARIC and males only ARIC data sets, respectively). The beta
coefficients of the SU analyses were consistent with the direction of association
reported by Li et al. The C allele was found to be the risk allele for gout in the male
Han Chinese population and in the ARIC analyses the minor allele (G allele) appeared
to confer protection against high serum urate levels. The haplotype-based association
analysis of rs13124007 conditional on rs11942223 gave a significant P-value
suggesting that the association observed between rs13124007 and SU may not be
independent of the allele at rs11942223 and may not directly influence serum urate
levels.
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Table 3-30 Association Analysis of rs13124007 with Gout in NZ Males only data sets
Cases

MAF*

Controls

MAF*

PHWE

Rs13124007

GG

GC

CC

G

GG

GC

CC

G

NZ Cau

47(0.137)

173(0.503)

124(0.357)

267(0.388)

54(0.209)

115(0.446)

89(0.345)

223(0.432

0.866

EPn

0(0)

28(0.161)

146(0.839)

28(0.080)

0(0)

11(0.149)

63(0.851)

11(0.074)

0.376

EPz

2(0.043)

18(0.391)

26(0.565)

22(0.239)

6(0.111)

20(0.370)

28(0.519)

32(0.296)

0.799

WP

0(0)

25(0.111)

201(0.889)

25(0.055)

1(0.015)

5(0.075)

61(0.910)

7(0.052)

0.591

EP/WP

0(0)

5(0.278)

13(0.722)

5(0.139)

0(0)

3(0.3)

7(0.7)

3(0.15)

1

Meta
analysis

PI

Test of OR=0.92 : z= 0.41 p = 0.679

All Populations

Test of OR=0.85 : z= 1.54 p = 0.123

Gout OR(CI)

0.833 (0.6611.051)
1.090(0.5282.251)
0.746(0.3971.405)
1.062(0.4492.513)
0.914(0.1944.301)

Gout
Pallelic

0.123
0.816
0.364
0.891
0.909

Association analyses and meta-analyses were performed on the same gout NZ case-control data sets as in Table 3.29, however female participants were
excluded from these analyses.
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Table 3-31 Association Analysis of rs13124007 with SU in ARIC Caucasian data sets

ARIC

MAF (G)

Beta

P

0.414

-0.013

3.55e-17

Pcond. rs119 = 8.41e-4
0.415
-0.007
0.001
ARIC (Males Only)
Where P cond. rs119 = P value of the haplotypes-based association analysis of rs13124007
conditional on rs11942223.

3.16 Association Analysis of five independent SNPs in SLC2A9

Five SNPs were selected from a Caucasian LD plot of SLC2A9 variants (Fig 3.11) and
genotyped by Sequenom Mass Array sequencing in the NZ gout sample set. The basis
of their selection was that the SNPs were not in linkage disequilibrium with any SNP
that had been previously investigated by our lab or published for association with gout
but that had a small p-value in the Yang serum urate GWAS. The aim of genotyping
and analysing these variants which had not been previously associated with gout in
any data sets was to tag any regions of SLC2A9 that had not previously been covered
and investigate how many independent associations there might be within the gene.
Rs6811287, rs11934363, rs10008035, rs1976792 and rs6449144 were selected for
analysis from an LD plot of SLC2A9 variants in Caucasian (Fig 3.11)
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Figure 3.11 LD structure between SLC2A9 variants in Caucasian (CEU). Individual SNPs cannot be identified in this figure, however this was the LD plot
generated using haploview, printed in sections, assembled and used to select five independent SLC2A9 SNPs for analysis. The figure shows 8 LD blocks
within SLC2A9 (triangles outlined in bold) with the small shaded squares showing the extent of LD between SNPs (black = high - white = low). This figure
also shows that SLC2A9 is a large gene with a lot of variation.
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These SNPs were genotyped in the NZ Caucasian and Polynesian data sets and
additional analyses were carried out in ARIC and FHS data sets (Tables 3.32 and
3.33). In the NZ Caucasian data set, 4/5 SNPs had significant P values when tested for
association with gout (OR = 0.72 and P = 2.72e-4, OR = 0.80 and P = 0.05, OR = 1.33
and P = 0.01, OR = 1.23 and P = 0.03 for rs6811287, rs11934363, rs10008035 and
rs6449144, respectively). rs6811287 and rs6449144 also showed evidence of
association with gout in the ARIC data set, consistent with that observed in NZ
Caucasian (OR = 0.76, P = 0.03, and OR = 1.30, P = 0.05 for rs6811287 and
rs6449144) . None of the 5 SNPs tested were significantly associated with gout in the
FHS data set. Odds ratios were in consistent directions in all three Caucasian data sets
for rs6811287, rs1976792, rs10008035 and rs6449144, with the Caucasian metaanalyses of these 4 SNPs showing significant P values (OR = 0.74 and P = 9.00e-6,
OR = 1.31 and P = 4.65e-4, OR = 0.81 and P = 0.02, and OR = 1.23 and P = 3.0e-3 for
rs6811287, rs1976792, rs10008035 and rs6449144, respectively). rs6811287 also
appears to be associated with gout in the EPn data set in a consistent direction to the
Caucasian association, and the Polynesian and overall meta-analyses were also
statistically significant (OR = 0.71 and P = 9.0e-3 for EPn, OR = 0.76 and P = 2.0e-3
for Polynesian meta-analysis, and OR = 0.75 and P = 6.66e-8 for overall metaanalysis). Association analysis of rs1976792 and rs11934363 was not significant in
any individual Polynesian data set or in Polynesian or overall meta-analyses. The
minor allele of rs10008035 was significantly associated with gout susceptibility in
EPz and EP/WP data sets, which was consistent with the direction of association in
the Caucasian analyses (OR = 1.79, P = 0.05 and OR = 7.12, P = 0.05 for EPz and
EP/WP, respectively). All odds ratios for rs10008035 in the individual Polynesian
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data sets were in a consistent direction and the Polynesian and overall meta-analyses
were significant (OR = 1.65, P = 0.03 and OR = 1.34 and P = 3.47e-5 for Polynesian
and overall meta-analyses, respectively). All of the odds ratios for the association
analysis of rs6449144 in Polynesian were in a consistent direction, supporting the
association of the minor allele with gout susceptibility that was observed in
Caucasian, with the exception of EPz. rs6449144 was significantly associated in West
Polynesian (OR = 1.44 and P = 0.04). The Polynesian meta-analysis did not associate
rs6449144 with gout, however the overall meta-analysis of this SNP was statistically
significant (OR = 1.21 and P = 1.0e-3 for overall meta-analysis).
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Table 3-32 Association Analysis of five independent SLC2A9 SNPs with gout in Caucasian
SNP (Gene)

Cases

MAF

Controls

MAF

PHWE

Pgenotype

Pallele

5822(0.439)

0.417

0.332

0.138

1888(0.304)

5668(0.456)

0.685

0.097

0.030

184(0.289)

574(0.451)

0.104

6.91e-4

2.72e-4

rs6811287
(SLC2A9)

TT

TC

CC

T

TT

TC

CC

T

FHS

12(0.141)

41(0.482)

32(0.376)

65(0.382)

1294(0.195)

3234(0.488)

2100(0.317)

ARIC

21(0.162)

59(0.454)

50(0.385)

101(0.388)

1341(0.216)

2986(0.480)

NZ Cau

48(0.116)

212(0.511)

155(0.373)

308(0.371)

122(0.192)

330(0.519)

Metaanalysis^
rs11934363
(SLC2A9)

GA

AA

G

GG

GA

AA

G

FHS

3(0.035)

24(0.282)

58(0.682)

30(0.176)

201(0.030)

1875(0.283)

4552(0.687)

2277(0.172)

0.553

0.965

0.8718

ARIC

4(0.027)

48(0.327)

95(0.646)

56(0.190)

182(0.027)

1923(0.289)

4549(0.684)

2287(0.172)

0.202

0.609

0.403

NZ Cau

10(0.024)

123(0.296)

283(0.680)

143(0.172)

29(0.046)

204(0.321)

402(0.633)

262(0.206)

0.845

0.102

0.050

1.033[0.6951.537]
1.134[0.8451.522]
0.799[0.6371.001]

Test of OR=0.95 : z= 0.39 p = 0.697
TT

TG

GG

T

TT

TG

GG

T

FHS

5(0.059)

33(0.388)

47(0.553)

43(0.253)

283(0.043)

2108(0.318)

4237(0.639)

2674(0.202)

0.331

0.249

0.099

ARIC

9(0.063)

46(0.319)

89(0.618)

64(0.222)

253(0.038)

1962(0.296)

4410(0.666)

2468(0.186)

0.631

0.236

0.122

NZ Cau

19(0.046)

175(0.421)

222 (0.534)

213 (0.256)

24 (0.038)

214 (0.336)

339 (0.626)

262(0.206)

0.116

0.011

0.007

Metaanalysis^

0.791[0.5791.079]
0.758[0.5890.975]
0.718[0.6000.858]

Test of OR=0.74 : z= 4.44 p = 9.00e-6
GG

Metaanalysis^
rs10008035
(SLC2A9)

OR [95% CI]

Test of OR=1.31 : z= 3.50, p = 4.65e-4
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1.340[0.9461.898]
1.248[0.9421.654]
1.329 [1.0811.634]

rs1976792
(SLC2A9)

AA

AG

GG

A

AA

AG

GG

A

FHS

1(0.012)

24(0.282)

60(0.706)

26(0.153)

207(0.031)

1906(0.288)

4515(0.681)

2320(0.175)

0.801

0.574

0.451

ARIC

4(0.026)

35(0.230)

113(0.743)

43(0.141)

188(0.027)

1931(0.279)

4804(0.694)

2307(0.194)

0.830

0.407

0.243

NZ Cau

4 (0.010)

103 (0.248)

309(0.743)

111(0.133)

17(0.027)

171(0.269)

448(0.704)

205(0.161)

1

0.098

0.082

Metaanalysis^
rs6449144
(SLC2A9)

Test of OR=0.81 : z= 2.36 p = 0.018
TT

TG

GG

T

TT

TG

GG

T

FHS

14 (0.165)

39 (0.459)

32(0.376)

67(0.394)

879(0.133)

3053(0.461)

2696(0.407)

4811(0.363)

0.695

0.657

0.401

ARIC

26(0.208)

45(0.360)

54(0.432)

97(0.388)

736(0.122)

2483(0.413)

2798(0.465)

3955(0.329)

0.856

0.015

0.048

NZ Cau

61 (0.147)

205 (0.493)

150 (0.361)

327 (0.393)

80 (0.126)

278 (0.438)

276 (0.435)

438 (0.345)

0.553

0.054

0.027

Metaanalysis^

0.851[0.5591.295]
0.824[0.5951.141]
0.801[0.6241.028]

Test of OR=1.23 : z=3.02, p = 0.003
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1.142[0.8381.556]
1.295[1.0011.675]
1.227[1.0241.470]

Table 3-33 Association of five independent SNPs with Gout in Polynesian
SNP (Gene)

Cases

MAF

Controls

MAF

PHWE

Pgenotype

Pallele

rs6811287
(SLC2A9)

TT

TC

CC

T

TT

TC

CC

T

NZ EP(n)

32(0.129)

115(0.464)

101(0.407)

179(0.361)

50(0.200)

121(0.484)

79(0.316)

221(0.442)

0.710

0.034

0.009

NZ EP(z)

11(0.208)

20(0.377)

22(0.415)

42(0.396)

39(0.225)

87(0.503)

47(0.272)

165(0.477)

0.503

0.126

0.145

NZ WP

25(0.101)

104(0.421)

118(0.478)

154(0.312)

17(0.122)

60(0.432)

62(0.446)

94(0.338)

0.728

0.749

0.451

NZ EP/WP

3(0.158)

7(0.368)

9(0.474)

13(0.342)

4(0.167)

15(0.625)

5(0.217)

23(0.479)

1.000

0.160

0.201

Meta-analysis^

Polynesian

Test of OR=0.76 : z= 3.07 p = 0.002

Poly and Cauc

Test of OR=0.75 : z= 5.40 p = 6.66e-8

rs11934363
(SLC2A9)

GG

GA

AA

G

GG

GA

AA

G

NZ EP(n)

1(0.004)

19(0.075)

232(0.921)

21(0.042)

0(0)

24(0.096)

226(0.904)

24(0.048)

1.000

0.438

0.628

NZ EP(z)

1(0.019)

12(0.222)

41(0.759)

14(0.130)

6(0.035)

34(0.197)

133(0.769)

46(0.133)

0.082

0.784

0.929

NZ WP

0(0)

18(0.073)

229(0.927)

18(0.036)

0(0)

7(0.050)

132(0.950)

7(0.025)

1.000

0.388

0.396

NZ EP/WP

0(0)

3(0.158)

16(0.842)

3(0.079)

0(0)

3(0.125)

21(0.875)

3(0.063)

1.000

0.757

0.766

Meta-analysis^

Polynesian

Test of OR=1.01 : z= 0.07 p = 0.944

Poly and Cauc

Test of OR=0.94 : z= 0.79 p = 0.432
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OR
[95% CI]

0.713[0.5530.919]
0.720[0.4621.121]
0.887[0.6481.212]
0.565[0.2351.359]

0.862[0.4741.570)
0.971[0.5111.845]
1.464[0.6043.550]
1.286[0.2446.763)

rs10008035
(SLC2A9)

TT

TG

GG

T

TT

TG

GG

T

NZ EP(n)

0(0)

26(0.103)

226(0.897)

26(0.052))

0(0)

23(0.092)

227(0.908)

23(0.046)

0.622

0.673

0.681

NZ EP(z)

3(0.057)

15(0.283)

35(0.660)

21(0.198)

2(0.012)

38(0.220)

133(0.769)

42(0.121)

0.783

0.080

0.046

NZ WP

0(0)

17(0.069)

229(0.931)

17(0.035)

0(0)

4(0.029)

134(0.971)

4(0.014)

1.000

0.097

0.102

NZ EP/WP

0(0)

5(0.263)

14(0.737)

5(0.132)

0(0)

1(0.042)

23(0.958)

1(0.021)

1.000

0.037

0.045

Meta-analysis^

Polynesian

Test of OR=1.65 : z= 2.12 p = 0.034

Poly and Cauc

Test of OR=1.34 : z= 4.14 p = 3.47e-5

rs1976792
(SLC2A9)

AA

AG

GG

A

AA

AG

GG

A

NZ EP(n)

0(0)

23(0.091)

230(0.909)

23(0.045)

0(0)

14(0.056)

237(0.944)

14(0.028)

1.000

0.131

0.138

NZ EP(z)

2(0.038)

11(0.208)

40(0.755)

15(0.142)

3(0.017)

37(0.213)

134(0.770)

43(0.124)

0.378

0.673

0.628

NZ WP

0(0)

18(0.073)

230(0.927)

18(0.036)

0(0)

18(0.129)

121(0.871)

18(0.065)

1.000

0.064

0.071

NZ EP/WP

0(0)

3(0.158)

16(0.842)

3(0.079)

0(0)

4(0.167)

20(0.833)

4(0.167)

1.000

0.938

0.941

Meta-analysis^

Polynesian

Test of OR=1.01 : z= 0.04 p = 0.965

Poly and Cauc

Test of OR=0.85 : z= 1.72 p = 0.08

rs6449144
(SLC2A9)

TT

TG

GG

T

TT

TG

GG

T

NZ EP(n)

38(0.153)

128(0.514)

83(0.333)

204(0.410)

40(0.160)

107(0.428)

103(0.412)

187(0.374)

0.778

0.130

0.249

NZ EP(z)

10(0.189)

17(0.321)

26(0.491)

37(0.349)

22(0.126)

87(0.500)

65(0.374)

131(0.376)

0.887

0.069

0.609

NZ WP

15(0.061)

112(0.453)

120(0.486)

142(0.287)

8(0.058)

45(0.324)

86(0.619)

61(0.219)

0.361

0.036

0.039

NZ EP/WP

1(0.053)

7(0.368)

11(0.579)

9(0.237)

0(0)

11(0.458)

13(0.542)

11(0.229)

0.410

0.474

0.933

Meta-analysis^

Polynesian

Test of OR=1.18 : z= 1.74 p = 0.083

Poly and Cauc

Test of OR=1.21 : z= 3.46 p = 0.001
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1.128[0.6352.005]
1.788[1.0053.182]
2.434[0.8117.306]
7.121[0.79563.800]

1.660[0.8443.264]
1.169[0.6212.201]
0.544[0.2781.064]
0.943[0.1984.493]

1.161[0.9011.498]
0.888[0.5641.399]
1.435[1.0172.025]
1.044[0.3822.855]

Haplotype-based analyses, conditional on rs11942223 were carried out on the five
SLC2A9 SNPs, to test whether the variants were having an effect independent to the
allele at rs11942223 (Table 3.34). All independent effect P-values were nonsignificant for SNPs in data sets where there was evidence of association in the
unconditional association analyses, with the exception of rs6811287 in EPn and
rs6449144 in WP (X2 = 4.20, PIE = 0.04 for rs6811287 in EPn and X2 = 4.35, PIE =
0.04 for rs6449144 in WP). This suggests that these SNPs may not be having an effect
independent to that of rs11942223 in these populations, although the significance of
the test for independent effect is borderline and both rs6811287 and rs6449144 appear
to be having an effect on gout risk independent to the effect of rs11942223 in
Caucasian (X2 = 1.37, PIE = 0.50 and X2 = 0.09, PIE = 0.77 for rs6811287 and
rs6449144, respectively in NZ Caucasian).
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Table 3-34 Haplotype-based Association Analysis of 5 independent SLC2A9 SNPs with
Gout conditional on rs11942223
SNP (Gene)
rs6811287 (SLC2A9)
NZ Cau
NZ EP(n)
NZ EP(z)
NZ WP
NZ EP/WP
rs11934363 (SLC2A9)
NZ Cau
NZ EP(n)
NZ EP(z)
NZ WP
NZ EP/WP
rs10008035 (SLC2A9)
NZ Cau
NZ EP(n)
NZ EP(z)
NZ WP
NZ EP/WP
rs1976792 (SLC2A9)
NZ Cau
NZ EP(n)
NZ EP(z)
NZ WP
NZ EP/WP
rs6449144 (SLC2A9)
NZ Cau
NZ EP(n)
NZ EP(z)
NZ WP
NZ EP/WP

Pallele

X2

PIE

2.72e-4
0.009
0.145
0.451
0.201

1.37
4.20
1.82
0.03
0.69

0.50
0.04
0.40
0.86
0.71

0.050
0.628
0.929
0.396
0.766

6.83
0.19
6.47
2.11
-

0.08
0.91
0.09
0.15
-

0.007
0.681
0.046
0.102
0.045

1.93
0.12
2.32
2.69
-

0.16
0.73
0.13
0.10
-

0.082
0.138
0.628
0.071
0.941

10.10
7.29
1.73
-

0.04
0.01
0.19
-

0.027
0.249
0.609
0.039
0.933

0.09
0.64
0.92
4.35
-

0.77
0.42
0.34
0.04
-

Haplotype-based association analysis of 5 SLC2A9 SNPs in the NZ gout case-control sample
sets, conditional on the allele at rs11942223 (F-stat and independent effect P-value (PIE)).
Pallele is the allelic P-value from the unconditional association analysis of SLC2A9 SNPs with
gout, as shown in Tables 3.32 and 3.33. Values could not be determined for some analyses
due to collinearity issues (denoted -).
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Chapter 4
4 Discussion
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Section 1: SLC2A9 Non-synonymous Single Nucleotide
Polymorphisms (ns-SNPs)

4.1 Association Analysis of ns-SNPs with Gout

The study of single nucleotide polymorphisms (SNPs) within the genome has many
applications, including understanding genetic predisposition to disease, predicting
how individuals will respond to drugs (i.e. personalized medicine) as well as in
genome-wide association studies (GWAS) as markers for comparing genetic regions
of disease cases and controls (172). SNP research has improved our understanding of
the genetic basis of complex disease such as gout and type 2 diabetes. Furthermore,
non-synonymous SNPs (SNPs resulting in an amino acid change), along with SNPs in
regulatory regions are thought to have the highest impact on phenotype (173).

4.1.1 Rs2280205

Association of rs2280205 with gout was found in the NZ Caucasian data set (Table
3.4: OR = 0.81, P = 2.0e-2) and was maintained in the Caucasian meta-analysis
including ARIC and FHS data sets (P = 3.0e-3). The association was not statistically
significant in any of the individual Polynesian data sets, however it was significant
and in a consistent direction to the Caucasian results in the Polynesian meta-analysis
(Table 3.5: OR = 0.82 and P = 3.8e-2). The overall meta-analysis of rs2280205 shows
the G allele to be associated with a protective effect on gout development. Previous
studies in a range of populations have also demonstrated the association of this locus
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with hyperuricemia and gout (109, 118). The findings in the NZ data set, supported
those of Yang and colleagues where the A allele of rs2280205 was associated with
increased serum urate levels (beta = 5.87 (urate measured in umol/L) and P = 2.7e-22)
(109). Association of rs2280205 with serum urate could not be detected by Liu and
co-workers in Han Chinese (153). Rs2280205 and the other ns-SNPs were tested for
effect on gout risk that is independent of the rs11942223 effect. The findings of these
conditional analyses are discussed later in this section.

4.1.2 Rs2276961

There was no suggestion of association between rs2276961 and gout in any of the NZ
population data sets analysed, nor in the meta-analyses. This variant has not been
associated with hyperuricemia or gout in any other studies that have been published to
date.

4.1.3 Rs6820230

rs6820230 showed evidence of association with gout in NZ Caucasian along with the
Caucasian meta-analysis of NZ Cau, ARIC and FHS data sets (Table 3.4: OR = 1.23,
P = 3.7x10-2 for NZ Cau and P = 2.5e-2 for the Caucasian meta-analysis). This
association was not seen in the Polynesian data sets, however the overall metaanalysis of Caucasian and Polynesian samples supported the Caucasian findings
suggesting the T allele confers gout susceptibility (Fig 3.4C). To my knowledge,
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association of this SLC2A9 variant with hyperuricemia or gout has not been reported
in any population by any other studies.

4.1.4 Rs4302456

Association analysis of rs4302456 with gout showed a statistically significant
association in the East Polynesian high ancestry data set (EPn) (Table 3.5: OR = 1.37,
P = 3.7e-2). This is also seen in the Polynesian meta-analysis (OR = 1.24 and P = 2.3e2

). Caucasian analyses do not demonstrate a significant association with gout,

however the odds ratios are in a consistent direction to those of the Polynesian
analyses and the P-value for the overall meta-analysis of Caucasian and Polynesian is
significant (Fig 3.5C: OR = 1.13 and P = 3.3e-2). These results provide evidence for
an association of the C allele with susceptibility to gout in the NZ East Polynesian
population.

This variant was chosen because it is an effective tagging SNP for a common copy
number variation (CNV) affecting SLC2A9 as the two are in complete LD with each
other. Copy number variation is predicted to play an important role in susceptibility to
common disease (138). This CNV (CNVR1820.1) was reported by Craddock and coworkers in their 2010 study using the Wellcome Trust case-control consortium
(WTCCC) data (138). This large data set of 17,000 samples consists of British
Caucasian common disease cases (such as T1D, T2D and rheumatoid arthritis) and
controls. The only common CNV reported by Craddock and colleagues in SLC2A9
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(CNVR1820.1), involves an approximately 10kb loss (11.53kb) on chromosome 4
(4:10001049-10012579) as shown in Fig 4.1. Rs4302456 is approximately 374kb
downstream from the CNV (position = 4:10386674). The CNV may affect the
function of SLC2A9 and possibly contribute to hyperuricemia and gout susceptibility.
Although it does not affect any exons in SLC2A9, a fairly large region of the gene is
involved which may be important for regulation. This hypothesis was supported by
the association of the tagging SNP rs4302456 with gout in the East Polynesian data
set.

A

B

Figure 4.1 A shows the location of the CNV (4:10001049-10012579) in SLC2A9 (4:977277710056560). B shows the co-ordinates of the intron affected by the CNV.
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4.1.5 Rs3733591

Association of rs3733591 with gout was statistically significant in the West
Polynesian data set as well as the combined Caucasian and Polynesian meta-analysis
(Table 3.5: OR = 0.68, P = 1.3e-2 for rs3733591 in West Polynesian and Fig 3.6C: OR
= 0.86, P = 1.6e-2 for the combined meta-analysis). The C allele of this variant has
been found to confer susceptibility to gout in Han Chinese, Solomon Island and
Japanese sample sets and appears to play a role in tophaceous gout (135, 136).
Rs3733591 was not shown to influence serum urate control in Han Chinese or
Japanese (136, 153). Nor could the association be replicated in Caucasian and
Polynesian gout data sets (128, 134). However, consistent with the findings in Han
Chinese, Solomon Island and Japanese gout data sets, rs3733591 appeared to be a
marker of severe gout in Māori (134). The association demonstrated in this analysis of
the NZ gout data sets suggests that consistent with previous studies, the C allele may
confer gout susceptibility in some populations. The frequency of the C allele is much
lower in Han Chinese (0.27) than in Caucasian (0.79). Similarly, in the NZ data sets
the C allele frequency was 0.81 in Caucasian controls. In the Polynesian data sets the
C allele frequency was more similar to the Caucasian frequency than that of the
Chinese frequency (0.67, 0.75 and 0.65 in EPn, EPz and EP/WP controls,
respectively) except in West Polynesian where the frequency was comparatively
lower (0.43 in controls). The detection of association in West Polynesian in this
analysis likely reflects an increase in power resulting from the increased number of
samples since 2011 (134).
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4.1.6 Rs16890979

There was evidence for association of rs16890979 and gout in the NZ Caucasian and
West Polynesian data sets (Table 3.4: OR = 0.58, P = 4.8e-6 in Caucasian, Table 3.5:
OR = 0.42, P = 4.3e-2 in West Polynesian). These results were supported by metaanalyses where Caucasian and Polynesian meta-analyses showed a significant
association of rs16890979 with gout (Fig 3.7: OR = 0.63 P = 6.0e-8 for Caucasian, OR
= 0.59 and P = 2.3e-2 for Polynesian and OR = 0.62 and P = 4.4e-9 for Caucasian and
Polynesian combined). Consistent with these findings, the C allele of rs16890979 has
previously shown an association with hyperuricemia and gout susceptibility in
Caucasian and NZ Māori and Pacific Island data sets (20, 103, 109, 123, 128). Two
studies have found this variant to be the most associated with serum urate levels (103,
128). However, the minor allele of this variant is very low in Asian populations at a
frequency of 0.02 in Han Chinese (HapMap) and almost monomorphic in a Japanese
study of SLC2A9 variants (136). As rs16890979 is non-synonymous resulting in a
valine to isoleucine amino acid change at position 235, there was thought that this
variant may have a role as a causal variant in gout. However, several studies did not
support this hypothesis by finding only weak association or by identifying other
variants that were more strongly associated (20, 106, 123). The haplotype analyses of
Hollis-Moffatt et al, suggest that rs11942223 is a better etiological candidate and that
the association of rs16890979 with gout is observed due to linkage disequilibrium
with rs11942223 (20).
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4.2 Serum Urate Analyses

Analyses of SLC2A9 ns-SNPs with serum urate control in the ARIC data set were
carried out to compare and provide further support for the findings of the NZ gout
analyses. Previous GWA studies have mapped the most significantly associated
variants with urate to SLC2A9 and a significant association has been found between
the SLC2A9 isoform 2 and urate concentrations (118). The overall effect of these
SLC2A9 variants on serum urate is thought to be relatively small (<0.3 mg/dl per copy
of risk allele) and more pronounced in women (118, 136). However this is based only
on the intronic SLC2A9 variants such as rs11942223, and the cumulative effect of
these and other variants in SLC2A9 on the risk of gout may double this. This
prediction is made in light of investigation into the genetic contribution of rare genetic
variants to dyslipidemia. Resequencing of the exons of genes under GWAS peaks
revealed significant accumulation of rare protein-coding variants in cases compared
with controls, indicating that rare variants in exons have a significant contribution to
disease risk (174).

All ns SNPs tested showed evidence of association with urate with the exception of
rs3733591 (Table 3.19). The beta coefficients for the ARIC urate analyses were
consistent with the gout odds ratios for all SNPs except rs6820230 and rs3733591
(Table 3.19: OR1 = 1.10, P1 = 0.47 and Beta2 = -0.003676, P = 3.48e-2 for rs6820230
and OR1 = 0.83, P1 = 0.23 and Beta2 = 0.001951, P2 = 0.32 for rs3733591 in 1 the
ARIC gout data set and 2 the ARIC SU data set). Rs16890979 was most strongly
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associated with serum urate control with rs2276961 the second most associated
variant in the analyses. Rs2276961 had not been associated with gout in the NZ data
set despite the effect it appeared to be having on urate levels in ARIC. Conditional
haplotype-based association analyses with urate suggested that only rs2280205 was
having an effect on serum urate control independent to the allele at rs11942223 (Table
3.19: Beta = -0.006908, P = 6.97e-6 and PIE = 0.35). Overall the NZ gout and ARIC
urate analyses performed in this study, provide good evidence that rs2280205 has an
effect on serum urate control and gout in Caucasian which is independent of the
association of rs11942223.

4.3 Investigating SLC2A9 ns-SNPs for SNP-SNP Interaction

A series of analyses were carried out to test the hypothesis that SNP-SNP interaction
between ns-SNPs in SLC2A9 could play a role in gout susceptibility. These analyses
aimed at detecting evidence of an epistatic relationship between loci. That is a case
where loci interact to be more than the sum of their parts (non-additive interaction).

4.3.1 Haplotype analysis

Haplotype analyses (excluding rs11942223) in the NZ gout data sets largely
suggested that the additive effects of individual marker associations were providing
the basis for the haplotypic associations with gout in Caucasian (Table 3.6).
Rs2280205 appears to have the largest effect, where allele 1 is protective and allele 2
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is susceptible. This is consistent with the two protective haplotypes consisting of an
allele 1 at the first marker (rs2280205) and the two susceptible haplotypes having
allele 2 at this position (Table 3.6). However not all haplotypes beginning with 1 are
protective, nor are all with an allele 2 at rs2280205 susceptible. This appears to be
where the other markers play a cumulative role in determining whether or not a
particular haplotype reaches significance. In the individual association analyses in
Caucasian (Table 3.4), allele 1 is protective or trending towards being protective at
markers rs2280205, rs2276961, rs6820230 and rs4302456 and allele 2 is trending
towards being protective at marker rs3733591. In particular, allele 2 (T allele) of
rs6820230 may play a crucial role in gout susceptibility in Caucasian. It appeared that
allele 2 of rs6820230 was acting as the critical marker to make rs2280205 allele 2
haplotypes susceptible in Caucasian (OR = 3.243, P = 1.23x10-5 for 21211 in
Caucasian). This may suggest a possible interaction between these loci.

Haplotype analyses were also carried out for serum urate control in the ARIC
Caucasian data set (Table 3.7). An association with serum urate was found for
haplotypes 22121 and 11111 in a consistent direction to that of the association shown
in the Caucasian gout haplotypes analyses (Table 3.7: beta coefficient = 0.0130, P =
1.26e-9 for 22121 and beta coefficient = -0.0211, P = 5.47e-16 for 11111). The urate
analyses also showed association of haplotypes 21111 and 22111 which were not
associated with gout (Table 3.7: beta coefficient = -0.02064, P = 9.17e-5 for 21111
and beta coefficient = 0.009097, P = 5.14e-4 for 22111). Of most interest, 21211,
which had been the most highly associated haplotype for gout in Caucasian, showed a
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contradiction in the SU data. This haplotype showed statistically significant
association with susceptibility to gout, yet also with decreased SU levels (Table 3.7:
beta coefficient = -0.0168 and P = 3.9e-5). Perhaps we are seeing an example of
SLC2A9 having a separate effect on urate to the effect on gout.

4.3.2 Logistic regression to investigate possible interaction between
SNPs

Analyses of the ns-SNPs under a logistic regression model while sequentially
including each of the other ns-SNPs as a covariate were used to look for further
evidence of interaction (Tables 3.8-3.13). Adjusting by the other ns-SNPs increased
the strength of association of some of the variants with gout. In particular, there was
support for the haplotype findings regarding rs2280205 and rs6820230, where
rs2280205 showed a considerably more protective OR in Caucasian with rs6820230
as a covariate (Table 3.8: OR = 0.81, P= 0.02 unadjusted and OR = 0.68, P = 2.24e-4
adjusted). This effect is also observed in the ARIC gout data set (Table 3.8: OR =
0.79, P = 0.05 unadjusted and OR = 0.71, P = 0.01 adjusted). Although, the removal
of significance when rs11942223 was adjusted for suggested that the effects of
rs2280205 and rs6820230 in Caucasian were not independent from the main effect of
rs11942223 (Table 3.8: OR = 0.92 and P = 0.31, Table 3.10: OR = 1.21 and P = 0.07
for rs2280205 and rs6820230, respectively). Another observation was that by
adjusting by rs3733591, the significance of association with gout at rs16890979 in NZ
Caucasian, ARIC Caucasian and West Polynesian populations was increased (Table
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3.13: OR = 0.58, P = 4.22e-6 in NZ Caucasian, OR = 0.60, P = 2.0e-3 in ARIC and OR
= 0.36, P = 0.03). This may suggest another ns-SNP interaction between rs16890979
and rs3733591. The observation of the removal of significance of association at
rs16890979 with gout after adjusting for the effects of rs11942223, supports the
theory of rs16890979 being associated with gout through its LD with rs11942223
(20). The significance of association of rs6820230 in Caucasian is removed when
rs16890979 is included as a covariate in the analysis, suggesting that rs16890979 was
driving this association in Caucasian (Table 3.10). This was supported by subsequent
logistic regression analyses of allele combinations and a non-significant test for SNPSNP interaction.

4.3.3 Interaction terms between ns-SNPs

The interaction terms between ns-SNPs were investigated in combined Caucasian and
combined Polynesian data sets, in order to increase the power to detect interaction
(Table 3.14). It has been found that the study size to detect interaction is required to
be considerably larger than that of basic association analyses (175). East Polynesian
low ancestry (EPz) was analysed separately due to the high Caucasian admixture in
this data set. In Caucasian, the formal test for overall SNP-SNP interaction between
rs2280205 and rs6820230 was not significant (Table 3.15: OR = 1.25, P = 0.39 in
combined Caucasian). This supported the idea that the association with gout risk at
rs2280205 and rs6820230 in Caucasian may be mediated through rs11942223 as
suggested by logistic regression analysis of these SNPs with rs11942223. There was
also no significant evidence to support an interaction between rs3733591 and
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rs16890979. However, although the P-values were not statistically significant, the
odds ratios were consistently in a susceptible direction across Caucasian, Polynesian
and EPz sample sets (Table 3.14: P = 0.08 and OR = 1.55, P = 0.09 and OR = 3.27, P
= 0.38, OR = 2.08 for Caucasian, Polynesian and EPz, respectively).

Interaction between rs4302456 and two ns-SNPs (rs2276961 and rs6820230) was
suggested by the interaction tests in Caucasian (Table 3.14: OR = 0.50, P = 3.0e-3 for
rs4302456/rs2276961 and OR = 0.54, P = 3.0e-3 for rs4302456/rs6820230). Logistic
regression analyses suggested the minor allele of rs4302456 conferred risk only in the
absence of a minor allele at rs2276961. Furthermore, it appeared that the two major
alleles of rs4302456 and rs6820230 were interacting to provide a protective effect
against gout in Caucasian. Interaction between the rs4302456 variant and ns-SNPs in
SLC2A9 was not expected as rs4302456 is not located in the SLC2A9 gene. It may be
an interaction between a ns-SNP and a variant in LD with rs4302456 (such as the
CNV) that is being detected.

The case of rs2276961 showing evidence of interaction with rs4302456 and also with
rs3733591 in Caucasian is interesting as this variant did not show any evidence of
association on its own in any data set (OR = 0.50, P = 3.0e-3 for rs4302456/rs2276961
and OR = 1.61 and P = 0.03 for rs2276961/rs3733591). In contrast to the interaction
between rs2276961 and rs4302456 described above, it appeared the two major allele
of rs2276961 and rs3733591 were interacting to confer risk to gout only in each
other’s presence. Logistic regression analyses of allele combinations in Polynesian
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produced odds ratios in a consistent direction to the Caucasian analyses for rs2276961
and rs3733591. The formal test for SNP-SNP interaction did not reach significance in
Polynesian for rs2276961 with rs4302456 or with rs3733591. .

Rs2280205 was suggested to genetically interact with both rs3733591 and
rs16890979 (OR = 1.94, P = 3.0e-3 and OR = 0.52 and P = 0.01, respectively). Odds
ratios were in a consistent direction across the three data sets analysed (Caucasian,
Polynesian and EPz) for both pairs of SNPs. Logistic regression of allele
combinations indicated that the major alleles of either rs2280205 or rs3733591 confer
risk to gout in the presence of the other. In the case of rs2280205 and rs16890979 it
appeared the minor allele of rs16890979 was protective only in the presence of the
minor allele of rs228205. Once again there was no statistically significant evidence
for interaction in Polynesian. The absence of any statistically significant analyses in
the combined Polynesian and EPz data sets may be due to a power issue as these data
sets are considerably smaller than that of the combined Caucasian data set.

4.3.4 Haplotype-based analyses conditional on rs11942223

rs11942223 has been recognised as having a strong association with gout across
diverse ethnic populations and haplotype analyses have shown the variant to play a
crucial role in the development of gout (20). Variants such as rs16890979 have also
been widely associated with gout but this is contributed to by the linkage
disequilibrium with rs11942223 (20). The ns-SNPs (with the exception of
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rs16890979) were confirmed not to be in moderate-high LD with rs11942223 in the
NZ population data sets through the generation of LD plots. However it is possible
that the association observed between these variants and gout is not independent from
the strong effects of rs11942223. As a precaution, SNPs were tested for association
with gout and urate in conditional haplotype-based analyses to remove the effects of
rs11942223 and demonstrate whether or not the associations are independent. Testing
for independent effect in the gout data sets showed evidence of independent
association rs2280205 and rs6820230 in NZ Caucasian and rs4302456 in EPn (Table
3.17: SNP Pallelic = 0.02, PIE = 0.34 and SNP Pallelic = 0.04, PIE = 0.131 for rs2280205
and rs6820230 respectively in Caucasian, and SNP Pallelic = 0.04, PIE = 0.07 for
rs4302456 in EPn). Consistent with the theory of an rs16890979 association through
LD with rs11942223, the effect of rs16890979 was shown to be dependent on the
allele at rs11942223 (Pallelic = 4.8e-6 and PIE = 0.026 for rs16890979 in NZ Caucasian).
As mentioned, rs6820230 appeared to be having an effect in Caucasian independent
to that of rs11942223. However, logistic regression and interaction analyses
suggested there was no interaction between these variants and that rs16890979 was
driving the rs6820230 association. As rs16890979 is likely associated with gout
through LD with rs11942223, it was expected that the association of rs6820230 in
Caucasian was dependent on rs11942223. However, conditional analyses were
inconsistent with this and implied the effects of rs6820230 and rs11942223 were
independent. This analysis suggested that there were other SLC2A9 variants (in
addition to rs11942223) that were independently contributing to gout risk. This did
not support the recent findings by Kottgen and colleagues (111), who claimed that all
the SLC2A9 associations with serum urate were dependent on the rs11942223 effect.
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Kottgen et al identified 26 genomic regions associated with serum urate at genomewide significance (P< 5 × 10−8), and then conducted conditional analyses on variants
within these regions to assess the number of independently associated SNPs. In these
analyses, the SLC22A11-NRXN2 region was the only region that appeared to contain
more than one independent signal. On the basis of this investigation they suggest that
all SLC2A9 associations with serum urate can be attributed to rs11942223 in
Caucasian (111).

Conditional analysis also suggested that the association of rs3733591 with gout in
West Polynesian was dependent on the allele at rs11942223 (SNP Pallelic = 0.01 and
PIE = 7.0e-3 for rs3733591 in WP). This was despite an absence of LD between the
two variants in the West Polynesian data set (R2 = 0). This finding prompted further
investigation of the relationship between rs3733591 and rs11942223 and also of
rs3733591 and rs16890979 (which is the ns-SNP in highest LD with rs11942223 (R2
= 20) in WP) as it was suggestive of genetic interaction. Previous logistic regression
analyses of rs3733591 adjusting by either rs11942223 or rs16890979 supported the
conditional analysis by showing that both SNPs had an influence on the effect of
rs3733591 on gout across all populations analysed with the exception of EP/WP.
However, the interaction terms between rs16890979 and rs3733591 were nonsignificant across all population data sets analysed, although all odds ratios were in a
consistent direction. It is possible that rs3733591 and rs16890979 may be interacting
to have a significant effect on gout development only in West Polynesian and
therefore in the combined analyses with East Polynesian the effect is masked. Upon
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investigation of the interaction terms within the individual West Polynesian data set,
there was no statistically significant evidence to support this idea. However, an
interesting preliminary observation was the absence of any effect on the odds ratio at
rs11942223 with the minor allele of rs3733591, when the odds ratio for rs16890979
minor+/rs3733591 minor- logistic regression results in a protective odds ratio. Given
the small size of the data set, the power to detect interaction was likely very limited,
perhaps interaction analyses in large Chinese/Japanese population data sets may be
informative as WP allele frequencies are more similar to those of Asian populations
than Caucasian.
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4.4 Gene-Environment Interaction between SLC2A9 SNPs and
Sugar-Sweetened Beverage Consumption on Gout Risk

Overall, the interaction terms between the ns-SNPs analysed with sugar-sweetened
beverage (SSB) consumption were non-significant across the combined Caucasian,
combined Polynesian and overall combined data sets that were analysed (Table 3.21).
Therefore there was no significant evidence to suggest an interaction between these
particular SLC2A9 variants and SSB consumption playing a role in gout development
in Caucasian or Polynesian populations. However, analysis of rs2280205 showed
potential for an interesting relationship between genotype and SSB consumption and
testing this variant in a larger data set would be useful. Although, logistic regression
analyses suggest that the effect of rs2280205 and SSB consumption on gout risk may
be secondary to the effect of rs11942223 that has already been studied by Batt et al
(74).

Logistic regression analyses did support a correlation between increased consumption
of sugary drinks and increased risk of gout, which has been previously noted (54, 74,
76). Findings were also consistent with the SLC2A9 and SSB gene-environment
interaction proposed by Batt and colleagues (74), as stratification of SSB groups by
SLC2A9 variant genotypes did appear to have considerable impact on gout risk.
Analysis of SSB consumption and rs11942223 has shown evidence of geneenvironment interaction affecting the risk of gout. They proposed that SLC2A9mediated urate transport is physiologically affected by increased intake of simple
sugars consumed in sugar-sweetened drinks (74). The gene-environment interaction
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analyses between rs16890979 and SSB consumption in this study could potentially
provide some support for the rs11942223 interaction, given the moderate to high LD
between the two SLC2A9 SNPs. The findings of the logistic regression analyses were
consistent with those of Batt and co-workers, with the minor allele of rs16890979
conferring protection in the <4 SSB/day group while conferring susceptibility to gout
in the ≥4 SSB/day group in the Caucasian and olynesian data sets. The trends seen
between rs16890979 genotype and SSB consumption are weaker than the results seen
by Batt and colleagues during the analysis of rs11942223 and SSB consumption in the
same data sets. Furthermore, the overall interaction terms between rs16890979 and
SSB consumption were non-significant. This is consistent with the idea that
rs16890979 is not directly interacting with sugary drinks, but rather it is implicated
due to linkage disequilibrium with rs11942223. Further support for these observations
is provided by Dalbeth et al who recently studied the effect of variation in SLC2A9
on acute serum urate response to fructose and the renal clearance of increased levels
of urate following a fructose load in European Caucasian and Māori and Pacific
populations (176). They found that rs11942223 genotype has a strong effect on both
serum urate levels and the excretion of uric acid in response to a fructose load in
Caucasian, but not in Māori and Polynesian.
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Section 2: SLC2A9 Intronic Variants

4.5 Replication of Hollis-Moffatt et al SLC2A9 Haplotype Analysis

Hollis-Moffatt and colleagues tested four SLC2A9 markers (rs16890979, rs5028843,
rs11942223 and rs12510549) for association with gout in NZ Caucasian, Māori and
Pacific Island case-control data sets (20). Their results showed a consistent pattern of
SLC2A9 haplotype association across these data sets with evidence of protective
haplotypes playing a crucial role in gout risk. In particular, the 1/1/2/1 haplotype
(rs16890979-rs5028843-rs11942223-rs12510549) was absent from the cases in all
three data sets. Comparison between haplotypes suggested rs11942223 was the
variant driving the haplotype association. In this study, the analysis was extended to
include newly obtained samples in these data sets and the three informative markers
(rs16890979, rs5028843 and rs11942223) were tested for association independently
and in haplotype analyses. Interestingly, as the data set size increases, the effect of
rs11942223 on gout susceptibility is diminished in Māori and Pacific cohorts, with
non-significant p-values given for the association analysis of rs11942223 in EP and
WP data sets (Table 3.22). The influence of rs11942223 seems to be of greater
importance in Caucasian. Furthermore, association analyses of these three variants
that are in LD with each other in Caucasian and Chinese data sets highlight the
differences in LD patterns between Caucasian, East Polynesian and West Polynesian
data sets. Rs16890979 was only significantly associated with gout in Caucasian and
West Polynesian and no other Polynesian data set.
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Haplotype analyses showed consistency with those of Hollis-Moffat et al, where the
2/2/2 haplotype which has minor alleles at rs16890979, rs5028843 and rs11942223
had a protective effect, in contrast to the 1/1/1 haplotype that conferred susceptibility
to gout (Table 3.23). The haplotype 1/1/2, which was absent in cases across all data
sets when analysed by Hollis-Moffat et al, remained absent in Caucasian and EPz
(frequency = 7.0e-3 and 0.02 in controls for NZ Cau and EPz respectively). This
haplotype was present at a low frequency in cases in the other three cohorts. The
haplotype analyses supported what was inferred from the basic association analyses,
that rs11942223 was playing less of a role in gout in Polynesian populations. None of
the protective haplotypes that were observed by Hollis-Moffat et al in the Māori and
Polynesian data sets were statistically significant in East Polynesian after the addition
of new samples and splitting Māori and Pacific data sets in to East and West
Polynesian. Haplotypes containing the rs11942223 minor allele were only statistically
significant in Caucasian and West Polynesian data sets, consistent with the thought
that other variants or risk factors for gout are of greater importance in Polynesian,
particularly East Polynesian. The West Polynesian results were interesting, given the
significant association of the rs11942223 minor allele containing haplotypes, yet on
its own the minor allele of rs11942223 was not associated with a protective effect on
gout. This suggests the involvement of other loci in LD with rs11942223 or perhaps
interaction with other variants given the importance of the haplotype context of
rs11942223 on gout risk.
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4.6 Rs4529048

The SLC2A9 variant, rs4529048, was the most highly associated SNP with serum
urate in a Korean population based study (133). LD plots using HapMap Caucasian
and Chinese data sets showed rs4529048 to be in moderate LD with rs11942223 in
Caucasian (R2 = 67) and no/very low LD in Chinese (R2 = 1). The rs45290248 variant
was analysed in the NZ gout sample sets as well as ARIC and FHS data sets for
association with gout, urate and T2D and conditional analyses were carried out given
the LD with rs11942223 in Caucasian.

4.6.1 Gout analyses

Association analyses showed consistent association of the minor allele with a
protective effect on gout development in NZ Caucasian, ARIC Caucasian and West
Polynesian (Table 3.25: OR = 0.597 and P = 4.84e-6, OR = 0.698 and P = 0.014 and
OR = 0.646 and P = 0.004 for NZ Cau, ARIC and WP respectively). Caucasian, and
overall combined Caucasian and Polynesian meta-analyses were significantly
associated with gout (Table 3.25: OR = 0.65, P = 1.16e-7 and OR = 0.71, P = 1.71e-5
in Caucasian and overall combined meta-analyses respectively).

Haplotype-based association analysis conditional on rs11942223 produced some
unexpected results. Conditional analyses in Caucasian suggested that the association
of rs4529048 with gout was independent of the effect of rs11942223. This was
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somewhat surprising given the apparent strong role of rs11942223 in gout
development in Caucasian and the moderate LD of the two variants. Also surprising
was the result in West Polynesian where it appeared the association at rs4529048 was
conditional on the allele at rs11942223. The LD between the two variants was
virtually non-existent in the Chinese LD plot, which points towards a possible
epistatic relationship. The findings of the association and conditional analyses of
rs4529048 in West Polynesian were very similar to what was observed for rs3733591,
whereby the rs3733591 association appeared to be dependent on rs11942223 despite
the absence of linkage disequilibrium between the two. Together, these results
indicate possible SNP-SNP interaction or interaction of SLC2A9 variants with an
unidentified environmental factor or other genetic factors in gout pathogenesis in the
West Polynesian population. Such interactions would be unlikely to be detected due
to the low power resulting from the small size of the West Polynesian data set but a
better investigation may be achieved in large population sample sets from Oceania.

4.6.2 Serum urate analyses

Liu and colleagues recently found evidence for the association of the SLC2A9 variant
rs1014290 with T2D in Han Chinese. Other studies have shown the C allele of
rs1014290 to be associated with has been lower serum urate levels, a higher fractional
excretion of uric acid and a decreased risk of gout and nephrolithiasis (123, 177). Liu
et al also tested this variant for association with serum urate. SLC2A9 LD plots
showed rs1014290 to be in complete LD with rs4529048 in Han Chinese. Rs4529048
was used as a surrogate SNP to see if these findings could be replicated in the NZ,
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ARIC and FHS sample sets. Confounding factors such as having gout and urate
lowering medications were controlled for in these analyses. Linear regression of
rs4529048 with serum urate levels, for the most part were supportive of the Caucasian
gout analyses for this variant. The C allele of rs4529048 was significantly associated
with low serum urate levels in NZ Caucasian, ARIC and FHS sample sets (Table
3.26: beta = -0.030 and P = 4.0e-3, beta = -0.021 and P = 3.2e-30, and beta = -0.023 and
P = 1.3e-20 for NZ Cau, ARIC and FHS respectively).

Conditional analyses of rs4529048 and rs11942223 in ARIC and FHS Caucasian
sample sets suggested that the association of rs4529048 with SU was not independent
of the effect of the rs11942223 variant (Table 3.26: F-Stat = 7.22, PIE = 7.38e-4, and
F-Stat = 7.58, PIE = 5.21e-4 for ARIC and FHS respectively). This was in contrast to
the gout conditional analyses where the association of rs4529048 appeared to be
independent of the allele at rs11942223. This may reflect an increased sensitivity to
detect the influence of rs11942223 with urate as the phenotype.

Serum urate has been identified as a risk factor for the development of T2D (103,
154). To investigate this relationship further along with the involvement of SLC2A9,
linear regression analysis was performed while adjusting by type 2 diabetes affection
status. Upon adjusting by T2D, the outcome for the linear regression analysis
remained significant in Caucasian sample sets.
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All rs4529048 serum urate analyses in the Polynesian data sets were insignificant.
This is consistent with the observation by Liu and colleagues that the effect of the
rs1014290 allele on lowering urate levels appears to be weaker in Han Chinese than
in Caucasian (123, 153)

4.6.3 Type 2 Diabetes analyses

Logistic regression of rs4529048 with T2D was carried out in the NZ, ARIC and FHS
sample sets in an attempt to replicate the association of rs10142890 with T2D
reported by Liu et al. The FHS data set was the only one to show evidence of
significant association of rs4529048 with T2D (Table 3.27: OR = 0.57 and P = 0.04).
Odds ratios for the three Caucasian data sets, as well as EPz and mixed EP/WP were
however in a consistent protective direction. After adjusting by urate, the NZ
Caucasian sample set results became significant, while FHS lost significance (Table
3.27: OR = 0.34 and P = 0.05 in the adjusted NZ Cau analysis and OR = 0.61 and P =
0.07). Liu et al, found the association of rs1014290 with T2D in Han Chinese to be
independent of the effect of urate (153). The results in the NZ Caucasian sample set
supported findings of Liu et al (153), as the evidence for association with T2D
increased by the adjustment of SU.

There was no evidence for an association of rs4529048 with T2D in any of the
Polynesian sample sets with both the adjusted by SU and the unadjusted analyses
producing non-significant results. The mean age of the Liu et al study participants
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(62.5 years) was considerably higher than the NZ sample sets (30-50 years) which
may contribute to some of the differences seen between Liu and colleagues’ results
and those of this study as both T2D and serum urate levels are correlated with age.
Furthermore the phenotyping of the T2D cases may not be accurate, both in the NZ
data sets and in the Han Chinese cohort. These factors could confound the T2D
analyses and make interpretation of the genetic contribution difficult.

4.7 Rs13124007

In 2012, Li and colleagues found an association between rs13124007 and gout in a
Chinese male population (132). This variant is located in the presumptive promoter
region of SLC2A9 and is not in LD in Han Chinese with any of the SLC2A9 variants
that have been analysed in the NZ sample sets. Association analyses did not
demonstrate an association of this variant with gout in any of the NZ sample sets, nor
in the ARIC or FHS data sets. Caucasian, Polynesian and combined meta-analyses
were also non-significant (Table 3.29). These analyses were also performed in male
only sample sets to test whether sex played a role in the ability to detect association of
this variant with gout (Table 3.30). However the male only analyses were also nonsignificant.

Rs13124007 was tested for association with serum urate in the Caucasian ARIC
sample set where there was evidence of association in both the full data set and the
males only data set (Table 3.31: beta = -0.013, P = 3.6e-17, and beta = -0.007, P = 1.0e245
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in the full ARIC and males only ARIC data sets, respectively). The protective beta-

coefficients were consistent with the Li et al’s report of association of the rs13124007
minor G allele with a protective effect on gout risk. Conditional analysis of this
variant with rs11942223 gave a significant p-value, suggesting that the association
with SU in Caucasian may not be independent of the effects of rs11942223. Overall,
analyses of rs13124007 in the NZ, ARIC and FHS data sets were unable to replicate
the association shown by Li and co-workers in Han Chinese. This variant may be
playing a role in the control of serum urate levels in Caucasian. However, the effect of
rs11942223 may be more significant and possibly account for the association
observed between rs13124007 and SU.

4.8 Association Analysis of Independent SLC2A9 variants

Five independent SNPs were selected for analysis in the NZ gout sample sets from
SLC2A9 linkage disequilibrium plots. These variants were selected for their absence
of LD with SNPs that had already been analysed and also on having a small p-value
in the Yang serum urate GWAS (109). The theory behind this was to select a
representative panel of SNPs to cover all of SLC2A9 in an attempt to detect how many
independent variant associations with gout there may be within this gene. Rs6811287,
rs11934363, rs10008035, rs1976792 and rs6449144 were selected for analysis from
an LD plot of SLC2A9 variants. Four of the SNPs showed a significant association
with gout in the NZ Caucasian sample set (Table 3.32: OR = 0.72 and P = 2.7e-4, OR
= 0.80 and P = 0.05, OR = 1.33 and P = 7.0e-3, OR = 1.23 and P = 0.03 for rs6811287,
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rs11934363, rs10008035 and rs6449144, respectively). Rs6811287 and rs6449144
also showed evidence of association with gout in ARIC, consistent with the NZ
Caucasian sample set (OR = 0.76, P = 0.03, and OR = 1.30, P = 0.05 for rs6811287
and rs6449144). Caucasian meta-analyses of rs6811287, rs1976792, rs10008035 and
rs6449144 were all significant.

In the Polynesian sample sets (Table 3.33), the T allele of rs6811287 showed
evidence of a protective effect in the gout association analysis in East Polynesian
consistent with the Caucasian findings. The T allele of rs10008035 was also
significantly associated with gout susceptibility in EPz and EP/WP data sets,
consistent with Caucasian analyses. Lastly, rs6449144 was significantly associated in
West Polynesian (OR = 1.44 and P = 0.04) with the T allele conferring susceptibility
to gout consistent with Caucasian analyses.

Conditional analyses of these five SNPs with rs11942223 supported the independent
association of rs6811287, rs11934363, rs10008035 and rs6449144 with gout in
Caucasian (Table 3.34). The Polynesian analyses suggested that the association of
rs6449144 in West Polynesian and rs6811287 in East Polynesian with gout may not
be independent of the allele at rs11942223. However the association of rs10008035
with gout in EPz and EP/WP is independent of the effect of rs11942223. Overall,
there is evidence for the independent association of rs10008035 in Caucasian, EPz
and EP/WP, as well as rs6811287, rs11934363 and rs6449144 in Caucasian with gout
risk. Association of these variants with gout has not been studied in detail before,
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however they were significantly associated with serum urate levels by Yang and
colleagues (109).

The results of this study should be interpreted with caution with regard to the tests of
significance used and the potential problems arising from multiple testing. Multiple
testing, where numerous tests are carried out for a variety of possible effects in a
single data set (as was conducted in this study) increases the chance of a significant
result being just due to chance. A number of adjustments could be made to correct for
the problems of multiple testing by ensuring the probability of observing at least one
false positive result remained below the significance level. The Bonferroni correction
could be applied or control of the false discovery rate (178) in statistical analyses may
improve the reliability of the findings in this study. After applying the Bonferroni
correction, five of the SNPs analysed for association with gout remained significant in
the Caucasian meta-analyses (rs2280205, rs4529048, rs6811287, rs10008035 and
rs6449144) as they were at or below the new significance threshold of 0.003.
Furthermore, the results of these tests would be more reliable if they were
independently confirmed.
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4.9 Conclusions

The analyses conducted in this study support a significant role of SLC2A9 in the
development of hyperuricemia and gout in diverse populations. Findings were
consistent with the rs11942223 variant playing a crucial role in Caucasian in the
contribution of SLC2A9 to hyperuricemia and gout risk and also for the influence of
sugar consumption on SLC2A9 function. However, interaction and conditional
analyses of variants in SLC2A9 suggested that other variants and processes involving
this gene are also possibly contributing to its association with hyperuricemia and gout.
Rs11942223 does not appear to be having a large effect in Māori and Pacific
populations where the prevalence of gout is high. Therefore other genetic and
environmental factors are likely having a larger contribution to the development of
the disease in these populations.

In particular, association and haplotype analysis in East Polynesian did not
demonstrate significant association of rs11942223 with gout, suggesting this variant is
unlikely to have a causal role in predisposition to gout in this population. This study
did suggest a role for a SLC2A9 copy number variant in gout development in East
Polynesian. This was inferred from the statistically significant association of the CNV
tagging SNP rs4302456. This interpretation of analyses was made under the
assumption that the CNV is present in Polynesian, as sequence data of samples was
not analysed in this study. Association of rs4302456 in East Polynesian was
independent of the effect of rs11942223 and furthermore showed evidence of SNP249

SNP interaction with rs2276961 and rs6820230 in Caucasian. Interaction analyses in
combined Polynesian did not show significant evidence of SNP-SNP interaction
between these variants, although the odds ratio for the rs4302456/rs2276961
interaction test were in consistent directions across the combined Caucasian and
combined Polynesian sample sets. Genetic interaction in East Polynesian may have
been masked in these combined data sets due to West Polynesian involvement.
Alternatively, SLC2A9 may not play a key role in gout predisposition in East
Polynesian and other genes may be more important contributors to the high rate of
gout present in this population.

The involvement of SLC2A9 variants with type 2 diabetes development was unable to
be confirmed in the NZ, ARIC and FHS data sets analysed in this study. There was
some evidence to suggest a link between SLC2A9 and T2D in Caucasian which
appeared to be independent of the serum urate risk factor.

Overall, this study found evidence of eight independent associations of variants
within SLC2A9 with gout in Caucasian (rs2280205, rs6820230, rs11942223,
rs4529048, rs6811287, rs11934363, rs10008035 and rs6449144). Among these
variants, rs2280205 and rs6820230 are non-synonymous SNPs, supporting the
potential for them being functional variants predisposing to gout in Caucasian.
Rs2280205 was also associated with serum urate control independent of the allele at
rs11942223 in Caucasian. Along with association in the Caucasian sample sets,
rs10008035 was also associated with gout in EPz and EP/WP population sample sets.
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Rs4302456 was significantly associated with gout independently of rs11942223 in
just the East Polynesian sample set. No SLC2A9 variant associations independent of
rs11942223 were detected in West Polynesian. However, the rs11942223 variant on
its own was not statistically associated with gout in WP. Therefore the SLC2A9
variants found to be associated in the unconditional analyses (rs3733591, rs16890979,
rs4529048 and rs6449144) may be better causal variant candidates for SLC2A9 in
West Polynesian.

The findings of this study may help improve the understanding of the genetic basis of
gout in different populations and have implications for management of this
debilitating disease. Firstly, this study supports previous findings, where SLC2A9
variants have a significant influence on gout risk, particularly in Caucasian. This
provides further support for the use of the SLC2A9 targeting drug benzbromarone for
the management of gout. However, this study did suggest that perhaps SLC2A9
variants were not a crucial risk factor in the East Polynesian ancestral group where the
prevalence of gout is high and therefore other genetic factors could be of more
importance. The apparent differences in the molecular processes underlying gout
between populations, suggests that there may be value in individualising gout
treatments according to genetic differences. In saying this, benzbromarone appears to
work well across all ethnicities including patients of East Polynesian ancestry
although his may be due the effects of benzbromarone on other transporters in
addition to SLC2A9. Nevertheless, the ability to identify causal variants and then
provide tests for genetic risk factors in patients would aid the diagnosis and treatment
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of gout. Secondly, there was some evidence to support a role for SLC2A9 SNP-SNP
interaction in gout that has not been investigated before. Further analyses in different
data sets would be needed to provide more evidence to support these observations.
Lastly, these particular data did not show statistically significant evidence for a geneenvironment interaction between SLC2A9 and SSB consumption. This suggested that
perhaps the variants analysed in this study were not crucial to the non-additive
interaction between SLC2A9 and SSB consumption for which evidence has been
previously found. Although, it is possible that this study was under powered to detect
non-additive gene-environment interaction.
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