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Abstract 

Genetic Associations of Rheumatoid Arthritis in 

Chinese 

Submitted by Martin Li for thesis submitted for the degree of Doctor of Philosophy 

in Medical Sciences at The Chinese University of Hong Kong in April 2011 

Rheumatoid arthritis is an autoimmune disease characterized by the swelling 

and inflammation of the joints. It causes irreversible damage to the synovium, 

cartilage and bone. The incidence of RA in women is three times higher than that in 

men. The prevalence of RAin Chinese is 0.35%. 

We investigated the genetic predisposition from 24 SNPs in 600 RA patients and 

900 controls. Seven SNPs were associated with increased risk for RA with 

polymorphisms in HLA-DRBl (p for trend = LSxlO""̂ ), HLA-DQAl (p for trend = 

2.0x10-16), and STAT4 (p for trend = 3.9x10"^) being significant in both men and 

women. Four SNPs had gender-specific effects; PADI-4-94 loci (p for trend = 0.005) 

affected men only, whereas TNFA1P2 (p for trend = 0.0064), MMEL1-TNFRSF14 (p 

for trend = 33x10"^) and rsll761231 loci (p for trend = I J x l O ’ affected women 

only. 

The odds ratios (OR) were presented in dominant and recessive genetic models. 

In the dominant model STAT4 (OR 0.48，95% CI: 0.38-0.61, p-value = 9.8x10"^^) 

and HLA-DQAl (OR 0.35, 95% CI: 0.25-0.48, p-value < l.OxlO’ were associated 

with the risk for RA in both genders. PADI4-94 (OR 2.16，95% CI: 1.28-3.66, 



p-value = 0.002) and ANAPC4 (OR 0.59，95% CI: 0.37-0.94，p-value = 0.02) were 

associated with RA in men only, whereas TNFA1P2 (OR 1.36，95% CI: 1.05-1.77， 

p-value = 0.016), MMEL1-TNFRSF14 (OR 0.48，95% CI: 0.34-0.67，p-value = 

9.6x10-6)，SLC22A4 (OR 1.28, 95% CI: 1.00—1.64，p-value = 0.043) and rsll761231 

(OR 0.52, 95% CI: 0.38—0.71，p-value = 2.4x10'^) were associated with RA in 

women only. 

In the recessive model HLA-DRBl (OR 1.8, 95% CI: 1.34-2.44, p-value = 

5.7x10-5)，and HLA-DQAl (OR 2.17, 95% CI: 1.71-2.72, p-value< 1.0x10"^) were 

associated with risk for RA in both men and women. STAT4 (OR 2.38, 95% CI: 

1.28-4.41, p-value = 2.8x10.3)，ANAPC4 (OR 0.29，95 % CI: 0.09—0.90，p-value = 

0.017)，and SLC22A4 (OR 2.18, 95% CI: 1.04-4.58, p-value = 0.024) were 

associated with the risk for RA in men only, whereas CTLA-4 (OR 2.01，95 % CI: 

1.03-3.97，p-value = 0.027), TNFA1P2 (OR 0.67, 95% CI: 0.45-1.01, p-value = 

0.044)，TNFA1P3 (OR 0.68, 95% CI: 0.49-0.94, p-value = 0.015) and IL2RA (OR 

0.42，95 % CI: 0.17-0.99，p-value = 0.030) were associated with the risk for RA in 

woman only. 

There were five significant gene-gene interactions, HLA-DRBl and HLA-DQA 

(p = 0.075), HLA-DRBl and PADI-4-92 (p = 0.0072), HLA-DRBl and PADI-4-94 (p 

=0.0094)，HLA-DRBland IL2RB (p = 4.22x10-^), and between HLA-DRBl and 

rsll62922(p = 0.0072). 

Bone erosion in RA patients was associated with a polymorphism in the 

HLA-DRBl loci (p for trend = 0.037) in females. No association was found with 

HLA-DQA loci (p for trend>0.05) and KAZALDI loci (p for trend>0.05). 

Anti-CCP was found in 85% of the RA patients. It was associated with a 

polymorphism in the HLA-DRB loci (p for trend = 0.043) in males and HLA-DQA 



loci (p for trend = 1.9x10") in females. No association was found with 

polymorphisms in PADI-4 gene (p >0.05) or smoking status (p >0.05). 

Serum rheumatoid factor (RF) was found in 65% of the RA patients. RF was 

associated with a polymorphism in MMEL1 -TNFRSFl4 loci in women (p for trend = 

0.001), and with ANAPC4 (p for trend<0.05) and rsl937506 loci (p for trend<0.05) 

in men. 

In conclusion, there was a gender-specific effect of genetic predisposition to RA. 

The genetic predisposition to RA in Chinese involves population-specific loci and 

also other susceptibility loci found in Asians and Caucasians. 
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摘要 

類風濕關節炎(RA)是一種自體免疫系統疾病，它的病徵是關節腫脹和發 

炎。它會永久性地破壞滑膜，軟骨和骨結構。女性患者人數是男性的三倍，在 

中國人種中的患病率爲0.35%。 

我們在六百RA患者和九百名人群中硏究了二十四個單核苷酸多態性相 

關基因。結果顯示，共有七個基因會增加患上RA的風險。其中三個均影響响 

男女患者’包括人類白細胞抗原—型（pfortrend=1.8xlO’或 i )0^—型（p 

for t r end=2 .0x l0_ i 6：)和傳感器的信號和轉錄激活四型 {STAT4) (p for 

trend=3.9xl0-9)�肽酰基精氨酸脫亚氨酶四型(PADI-4-94�(p for trend=0.005)則 

只影響男性。而腫瘤壞死因子 a誘導蛋白二型 ( T N F A 1 P 2 � ( p for trend = 

0 . 0 0 6 4 ) � 金 屬 內 肽 酶 樣 一 型 - 腫 瘤 壞 死 因 子 受 體 超 家 族 成 員 + 四 

{MMEL1-TNFRSF14) (p for trend=3.3xl0-4)和 rsll761231 (p for trend=1.7xl0-4) 

只影響女性。 

基因多態性在顯性遺傳模式中增加男女患上RA風險的比値比是STAT4 

(OR=0.48，95%CI: 0.38-0.61，p=9.8xl0]�)和 HLA-DQA1 (OR=0.35，95%CI: 

0.25-0.48，p<1.0xlO-^)。只影響男性的是 PADI4 - 94 (OR=2.16，95%CI: 

1.28-3.66，p=0.002) MANAPC4 (OR=0.59，95%CI: 0.37-0.94 ’ p=0.02) ° 而女性 

則是 TNFA1P2 (OR=1.36，95%CI: 1.05-1.77 ’ p=0.016) ’ MMEL1-TNFRSF14 

(OR=0.48，95%CI: 0.34-0.67，p=9.6xl0-^)，SLC22A4 (OR=1.28，95%CI: 

1.00-1.64，p=0.043)和 rsll761231 (OR=0.52 , 95%CI: 0.38-0.71，p=2.4xl0-^)� 

而基因多態性在隱性遺傳模式中增加男女患上RA的風險的比値比是 

HLA-DRB1 (0R=1.8，95%CI: 1.34 - 2.44，p-SJxlO’，和 HLA-DQA1 (OR=2.17， 
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95%CI: 1.71 - 2.72，p<1.0xl0-7)。只影響男性的是 STAT4 (OR=2.38，95%CI: 

1.28-4.41，P=2.8X10-3)，ANAPC4 (OR=0.29，95%CI: 0.09-0.90，p=0.017)和 

SLC22A4 (0R=2.18 ‘ 95%CI: 1.04-4.58，:p=0.024)’ 而女性則是抗原四型(CTLA-4� 

(OR=2.01，95%CI: 1.03-3.97，p=0.027)，TNFA1P2 (OR=0.67，95%CI: 0.45-1.01， 

p=0.044)，TNFA1P3 (OR=0.68，95%CI: 0.49-0.94，p=0.015)和 IL-2RA (OR=0.42， 

95%CI: 0.17-0.99，p=0.030)� 

這次研究發現了五個基因相互之間有影響作用。它們是HLA-DRB1和 

HLA-DQA (p=0 .075)�HLA-DRB1 和 PADI-4-92 (p=0.0072)�HLA-DRB1 和 

PADI-4-94 (p=0.0074)�HLA-DRB1 和 IL-2RB (p=4.22xl0-^ )�HLA-DRB1 和 

rsl 162922 ( p = 0 . 0 0 7 2 ) � 

HLA-DRBl (p for trend=0.037)的基因多態性與RA女患者的骨侵飽有 

關 ° 85%的RA患者帶有抗 -CCP抗體�HLA-DRB (p for trend=0.043)的基因多 

態性與男患者有關，而//L4-D2_^(pfortrend=1.9xl(r3)與女患者有關。抗-CCP 

抗體與基因多態性 ( p > 0 . 0 5 )或吸煙狀況 ( p > 0 . 0 5 )均沒有相關� 6 5 %的R A 

患者帶有類風濕因子。MMEL1-TNFRSF14 (p for trend=0.001)與 JiV/iPCV (p for 

trend=0.05：)的基因多態性與女患者有關；rsl937506 (p for trend=0.05)與男患者有 

關 ° 

至此總結，這次硏究中，我們發現了基因多態性引發RA的主因爲性別 

和種族。而種族當中亦分爲個另(1性和普遍性。 



To my parents 

David and Yuk Lin Li 
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Chapter 1. Rheumatoid arthritis: Public health 

and clinical aspects 

1.1. Background 

Rheumatoid arthritis (RA) is well known for its adverse destructive effects and 

irreversible damages on bone and joints (Alwan et al.l988; Harris et al.l975; 

Herring1984). The goal of RA treatment is to make the diagnosis early on and start 

therapy as soon as possible so that the disease status can be maintained and further 

damage can be prevented. 

For over a century, the diagnosis of RA was based on the opinion of objective 

experts. Over the last few decades, details of the disease, its history, its development 

and its prognosis are becoming clear. With the discovery of RA-associating serum 

clinical biomarkers, such as erythrocyte sedimentation rate (ESR) (Fischell956; 

Kalliomakil954), high sensitivity C-reactive protein (hsCRP) (Balci et all989), 

rheumatoid factor (RF) (Waalerl939; Zlabinger et al.l990) and antibodies against 

cyclic citrullinated peptides (anti-CCP), early diagnosis of the disease is now 

possible. However, these biomarkers are only found in 65 to 85% of all the RA cases 

(Mackenziel988; Zlabinger et all990). 

Diagnostic imaging with X-ray, ultrasonography (Wiell et al.2007), magnetic 

resonance imaging (MRI) (Ostergaard et al.2004; Ostergaard and Szkudlarek2003) 

and peripheral quantitative computed tomography (pQCT) are tools that can confirm 

the diagnosis, but in most cases, a confirmed report means irreversible damage to the 

joint. 

The urge for an efficient, sensitive, specific, and cost effective test for RA is the 

goal of all rheumatologists alike. Recently, the mode of treatment for RA has been 

1 



shifted to the more costly, monoclonal antibodies targeted to specific mediators such 

as tumour necrosis factor (TNF) (Lipsky et al.2000), or CD20 positive B-cells found 

in different bodily pathways. These powerful biological agents bring in new hopes, 

however, moderate to serious side effects have been reported, and sometimes these 

can be fatal. 

Study of the role of heritability in RA started in 1978，the year when RA was 

first genetically associated with the major histocompatibility-human leukocyte 

antigen Class II subunits shared epitope (HLA-DRB) (Roitt et al.l978). For the past 

30 years, vast volumes of information on the genetics of RA were obtained through 

surveys, case-control studies, affected twin pair studies and clinical drug studies. 

They have been replicated in different patient cohorts from various ethnic groups. 

However, these results are either incomplete or inconclusive. 

This year marks the year on of the Human Genome project (Hapmap) and 

the completion of the second phase of the Human Genome project, from which 3.1 

million loci and the haplotypes of 270 individuals from four distinctive global 

regions are made freely to the general public. Along with this project, new 

technology has been developed to study multiple diseases on thousands of subjects. 

In the fall of 2007，two of the landmark RA genome-wide association studies 

(GWAS), Wellcome Trust Case Control Consortium (WTCCC) (WTCCC2007) and 

North American Rheumatoid Arthritis Consortium (NARAC) were published. The 

WTCCC study showed that 49 single nucleotide polymorphisms (SNPs) with 

p-values in the range of 0.1 to 1 x 10"̂  are associated with RA, nine of them being 

newly found to be associated with RA. Other important SNPs are the protein tyrosine 

phosphatase, non-receptor type 22 {PTPN22) and the major 

histocompatibility-human leukocyte antigen (MHC-HLA) chromosome at 6q23 



region. The NARAC study indicated that the signal transducer and activator of 

transcription 4 (STAT4) on chromosome 2 is also a risk SNP for RA. This SNP has 

now been shown as the cause of many autoimmune diseases. 

The genetic associations between RA and 25 of these SNPs will be studied in 

Chinese RA patients. Chinese men and women with RA will be investigated 

separately. The genotypic effect on biomarkers will also be examined. 

1.2. Historical account of rheumatoid arthritis 

Rheumatoid arthritis (RA) is an immune-mediated, chronic, inflammatory 

syndrome. It affects peripheral synovial joints in a symmetrical manner. In 1858, an 

English clinician Dr. Alfred Baring Garrod named the condition 'rheumatoid 

arthritis' to distinguish it from gout and rheumatic fever (Figure 1-1]. 
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1.3. Prevalence and incidence 

The prevalence of RA worldwide stands at 0.2-1.0% in Caucasians aged 18 or 

over. It increases to 2% and 5% in men and women over age 65 years. The incidence 

of RA peaks at 40-60 years. The prevalence of RA is 0.2-0.93% in China (Zeng et 

al.2008), 0.75% in India (Malaviya et all993), 0.2% Japan (Shichikawa et aL1999), 

0.8% in England (Macgregor et all994), 0.0026 % in South Africa tribe and 5-8% in 

native South American tribes (Del Puente et aL1989; Harvey et al.l981). In Hong 

Kong Chinese it is reported as 0.35% (Lau El993). RA is absent from some African 

populations (Brighton et al.l988) (Table 1-1.). However, in British black-Caribbeans 

it is 0.29%，which may suggest that RA is affected both by genetic and 

environmental factors. 

Table 1-1 Prevalence of RAin some selected countries 

Population Prevalence (%) Reference 

Indians, US 5.3-6.0 (Harvey, Lotze et al. 1981) 
China 0.2-0.93 (Zeng et al.2008) 
England 0.80 (Macgregor et all994) 
India 0.75 (Malaviya et al.l993) 
Greece 0.58 (Anagnostopoulos et al.2010) 
Sweden 0.51 bimonsson et all999) 
France 0.50 (Guilleminetal.2005) 
Spain 0.50 (Carmona et al.2002) 
Hong Kong 0.35 (Lau etal. 1993) 
Japan 0.2 (Shichikawa et all999) 
South African tribe 0.0026 (Brighton etal. 1988) 
UK black-Caribbeans 0.29 (Macgregor et all994) 

There is a gender difference of 1:3-4 ratio between men and women for 

developing RA (Carmona et al.2002; Papadopoulos et al.2003; Pritchardl992), while 

the onset age is 35 to 45 years in women and 40-50 years in men (Yukioka et al.l998) 

(Figure 1-2). However, juvenile RA (JRA) may occur in adolescent girls 

(Burgos-Vargas and Vazquez-Mellado 1995). 



Figure 1-2 The distribution of age at disease onset for men and women with 

rheumatoid arthritis in Japan (Yukioka et all998) 
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The prevalence of RA is higher in developed countries than developing 

countries. The prevalence may be underestimated in the developing countries (Kalla 

and Tikly2003), because the inhabitants do not live long enough to develop the 

disease (Adebajol990). Global studies from Denmark and the US suggested that the 

incidence rate is around 24-35 cases per 100,000 person year (Dugowson et all991; 

Pedersen et al.2009). Retrospective studies from Japan, and UK showed that reduced 

incidence rate was recorded in women with the use of contraceptives pills during the 

60s and 80s (Brennan et all997; Shichikawa et al.l999; Symmons2002). In one 

study, an increase in age of onset of RA was established and this implied 

environmental factors may play a role in the onset of the disease (Imanaka et 

all997). In a 10 year longitudinal study carried out from 1994 to 2004 in Norway, 

the investigators showed that the health, the pain and the global status of the patients 

improved during the study period, and the authors concluded that it was attributed to 

better medication (Uhlig et al.2008) 



RA affects morbidity and mortality, reducing life expectancy by an average of 7 

years in men and 3 years in women (Vandenbroucke et all984). Other studies 

established RA increased mortality (Heliovaara et all995) and reduced life 

expectancy by 15-20% from the date of RA onset (Myllykangas-Luosujarvi et 

al.l995). There were three major causes of death in RA, around 30-40% of the deaths 

were due to cardiovascular diseases, 30% were due to infections and 15% were due 

to renal disease (Mutru et al.l989; Myllykangas-Luosujarvi et al.l995). Other risk 

factors contributing to death including smoking (Oliver and Silman2006), aging, 

being male, greater functional impairment, test for RF being positive, numbers of 

swollen joint, education level (Pincus, T and Callahanl985), and co-morbidity. 

1.4. Diagnosis of rheumatoid arthitis at early stage 

The onset of RA usually takes weeks to several months, but 15-20 % of the 

patients showed a rapid onset over days to week, and 8-15 % showed acute onset of 

symptoms over days. 

It usually starts off with symmetrical small joint pain and swelling in the hands, 

feet and wrist bones. As the disease progresses, large size joints such as elbows, 

knees and hips become involved. In established RA, it is characterized by a 

deforming symmetrical polyarthritis of varying severity. It may involve the synovium 

of joints and tendon sheaths, articular cartilage loss, erosion of the bone and the 

presence of IgM RF in the blood of 70% of the patients. These changes are 

irreversible. Therefore, the aim is to diagnosis the disease as early as possible. 

The clinical challenge to early diagnosis of RA is that there is no definitive 

laboratory test or confirmatory physical finding in early disease. At the early stage of 

the disease. The arthritis symptoms may be similar to systemic lupus erythematosis 



(SLE), psoriasis, ankylosing spondylitis (AS), osteoarthritis (OA), gout and chronic 

infection. In order to distinguish rheumatoid arthritis from other form of arthritis, the 

location and the form of arthritis are used. Arthritis may be grouped into three types 

(Tablel-2). 

Table 1-2 Types of arthritis (Li，EK2002) 
Type of arthritis Joints (n) Disease example 

Acute monoarthritis 1 

Chronic monoarthitis 1 

Chronic asymmetrical oligoarthritis < 4 

Chronic symmetrical polyarthritis > 5 

Infection, gout, pseudogout 

Psoriasis, RA, AS, OA 

Reactive arthritis, psoriasis, AS 

RA, SLE, psoriatic arthritis 

The American College of Rheumatology has developed a seven criteria list for 

the classification (Table 1-3) (Amett et al.l988). In order to define RA, four or more 

of the criteria are needed at presentation. The sensitivity and specificity of the list are 

about 40-60% and 90% in early and active RA, respectively (Table 1-4). The list 

consists of five clinical, one serological and one radiological feature. The reason for 

reduced sensitivity and specificity in early stage RA is because formation of 

rheumatoid nodules is rare in the early stage. In the early stage, RA often presents as 

a mono or oligoarticular disease. RF is frequently absent in the early stage. Bone 

erosion is rarely found in the early stage, but joint erosions occur in 50-70% of RA 

patients. 



Table 1-3 Criteria for the classification of rheumatoid arthritis (Arnett et 

al.l988) 

Criteria Description 

1 > 1 hour morning stiffness in and around joints 

2 3 or more joint soft tissue swellings observed by a physician 

3 Swelling (arthritis) of proximal interphalangeal, metacarpophalangeal or 

wrist joints 

4 Symmetrical swelling of joints 

5 Subcutaneous rheumatoid nodules 

6 Presence of IgMRF in abnormal amounts 

7 Radiographic erosions and / or peri-articular osteopenia in hand and / or 

wrist joints 

Table 1-4 Criteria for active rheumatoid arthritis 

Criteria Description 

1 More than 6 tender and 3 or more swollen joints 

2 ESR> 30 min / hour 

3 Early morning stiffness (EMS), more than 45 minutes 

4 DAS more than 5.2 

Because of these limitations, the diagnosis of early RA before irreversible joint 

damage occurs and the use of appropriate medications in the early stage of the 

disease may be difficult. Thus, additional tools may be needed, including antibodies 

to citrullinated peptides, medical imaging, genetics and the use of biological agents 

in treatment. 

1.5. The etiology of RA 

The etiology of RA is not fully understood. It is currently believed to consist of 

two components, environment and genetics. The progression of RAmay be classified 



into three phases: the initiation phase; the propagation phase; and the tissue damage 

phase (Figure 1-3). 

Figure 1-3 Schematic diagram to show the progression of rheumatoid 

arthritis (Rommel et al.2007) 

a Initiation (periphery) b Propagation (synovium) ； C Tissue damage (bone and cartilage) 
rtL-4. tL-K). IL-B| 

Nature Reviews | Immunology 

Rommel etal Nature Reviews Immunology 7 191-201 (March 2007) | doi 10.1038'nri2036 

The initial phase is noted by the presence of autoantibodies to the Fc portion of 

immunoglobulin (IgG) (Corper et al.l997) prior to the onset of the disease, it is also 

called RF. The initial phase and the propagation phase are associated with both 

environmental and genetic factors. The destructive phase is accomplished with 

cytokines and osteoclast activity. 

Extra-articular manifestations are also common in RA patients, which are 

related to vasculitis such as rheumatoid nodules, episclerlitis, peripheral neuropathy 

and palpable purpura. 
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1.6. Auto-antibodies in autoimmune diseases 

Auto-antibodies are usually found in patients with autoimmune diseases. They 

usually have no pathological role, but are good surrogate markers for diagnosis and 

prognosis of the disease. Some of these specific markers are listed in Table 1-5 along 

with their corresponding diseases.(Maddison and Huey2004) 

Table 1-5 Specific markers in autoimmune diseases 

Disease Marker 

SLE Anti-double-stranded (ds) DNA 

Scleroderma Anti-topoisomerase I 

Poly-dermatomyositis Anti-histidyl-tRNA synthetase 

RA Anti-CCP 

1.7. Auto-antibodies in RA 

Auto-antibodies in RA may be put into three groups according to their target 

antigens, RF, anti-CCP, and nuclear proteins (Table 1-6). 

Table 1-6 Biological markers used in the diagnosis of RA 
Antibody Antigen Sensitivity 

(%) 

Specificity 

(%) 

Reference. 

RF(IgM) IgG 59-79 80-84 (Ates et al.2007) 

anti-CCP family 

Anti-CCP Citrullin 70-78 88-96 (Lee and Schur 2003) 

Anti-perinuclear Citrullin 49-91 73-99 (Nienhuis and Mandemal964) 

Anti-keratin Citrullin 36-59 88-89 (Niewold et al.2007) 

Nuclear proteins 

Anti-RA33 HnRNP-A2 30 90 (HassfeldWetal.1989) 

Anti-p68 Stress protein BiP 63-71 73-96 (Purcell Aw2003) 

RF + anti-CCP 30-39 98-100 (Schellekens et al.2000; 

Vittecoq et al.2004) 

Table partly adapted from:(Steiner. G and Js2006) 

11 



1.7.1. Rheumatoid factor 

RF is identified 70 years ago (Waaler1939). It is found in 60-80% of RA 

patients and it is also found in the sera with other auto-immune diseases such as SLE 

(Witte et al.2000), scleroderma (Barland and Lipsteinl996), polymyositis (Zhao, 

Jinxia et al.2008), and Sjogren syndrome (Civilibal et al.2007; Ramos-Casals et 

al.2010). Reactive arthritis (Laasila et al.2003) and osteoarthritis patients (Fonseca et 

al.2000) and healthy controls also showed low RF titers (Mori, S et al.2009). 

RF appears late in the progress of RA, whereas at the early state of RA, serum 

RF levels are lower and fluctuate. Test sensitivity depends on laboratory cut-offs, 

since it is present in 15% of healthy controls. 

RFs that are found in the synovial space are predominantly IgM isotypes, but 

IgG and Ig A are also present. In both humans and mice, the production of those 

immunoglobulins is in plasma B-cells and the process is antigen-driven. Rat models 

show that the production of RFs correlates with arthritis prognosis (Lawrence1967; 

Wemhofif2003). It is higher in female than in male rats. RF predominantly recognizes 

epitopes located in the Fc region of the IgG molecule, especially the CH2 and CHS 

chains (Corper et al.l997; Hay1988). It is postulated that RFs and IgG molecules 

formed a stable RF-IgG complex during antigen capture, presentation of antigens and 

also for IgG clearance. 

A meta-analysis shows an association between RF status and a polymorphism 

in the tumour necrosis factor receptor associated factor 1 and complement 

component 5 {TRAF1-C5) (Patsopoulos and Ioannidis2010). RF status in RA patients 

is associated with polymorphisms in rs3761847 (OR = 1.32, 95 % CI: 1.21-1.45, 

p-value= 8.5 x lO—n) and rs6920220 (OR=1.27, 95% CI: 1.21 -1 .34, 

p-value=3.3xlO-io) in the 6q23 loci. The presence of RF increases the risk for RA 

12 



(Patsopoulos and Ioannidis2010). 

1.7.2. Anti-dtrulline-binding autoantibodies 

The discoveries of anti-CCP spans over a period of 40 years. This group of 

auto-antibodies consisted of three family members, the anti-perinuclear (Nienhuis 

and Mandemal964), anti-keratin (Niewold et al.2007) and anti citrulline-binding 

auto-antibodies. They share high specificity for RA and are shown to be good 

indicators for the detection of early RA. Overall anti-CCP shows the highest values 

in terms of both sensitivity and specificity (Niewold et al.2007). However, the serum 

levels of the former two markers fluctuate greatly. It is only in 1993, with the use of 

antibody to citmlline, that it is realized that all three auto-antibodies are derived from 

the anti-CCP pathway in which arginine is transformed to citmlline (Simon et 

al.l993), anti-perinuclear and anti-keratin antibodies are both intermediate 

compounds. Currently, the more sensitive and specific anti-CCP-2 kits are used to 

determine serum anti-CCP levels, as they are based on selected highly-expressed 

citrullated epitopes. 

Figure 1.4 Conversion of arginine to citmlline by peptidyl-arginine deminase 
(PAD) 

0 
H a N ^ N H a 

PAD 

� N 
1 

H O 
L-arginine 
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Anti-CCP antibodies can be detected years in advance of the development of 

RA. In the historical cohort study, the Nurses' Health Study (NHS), it was suggested 

that anti-CCP antibodies can be detected from sera 5.6 士 3.5 years (range: 0.3-2 years) 

in advance of RA onset (Chibnik et al.2009). Anti-CCP antibodies can also be used to 

follow the prognosis of the disease activity. In a three years prospective cohort study 

of RA patients, van Gaaler et al. established that in 93% of anti-CCP antibodies 

positive undifferentiated arthritis patients they developed RA within 1-3 years (Van 

Gaalen et al.2004). The positive association between serum anti-CCP antibody level 

and RA status was found in different populations including Caucasians (Bongi et 

al.2004; Chibnik et al.2009), Asian (Liao et al.2011; Zhao, J. et al.2010) and African 

(Hodkinson et al.2010). Moreover, disease activity is positively correlated with 

serum anti-CCP antibody levels (Chibnik et al.2009). In the three year Swedish early 

intervention to rheumatoid arthritis study (TIRA), Kastbom et al. reported that serum 

anti-CCP antibodies level reduced with positive responses to anti-rheumatic 

treatment , but this does not alter the patient's anti-CCP antibody positive status 

(Kastbom et al.2004). 

Table 1-7 Parameters shown to be correlated with positive anti-CCP status in 

rheumatoid arthritis patients 

Parameter Correlation direction (+ /-) 

ESR + 
CRP + 
Swollen joint count + 
Worse physician global + 
RF + 
Ever smoker + 
DAS + 
MHC-HLA-DRBl + 

Several genetic association studies suggested that serum anti-CCP antibody 
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level is associated with MHC-Class II alleles (Ding et al.2009; Lee, HS et al.2008). 

In a blood bank sera study, the presence of both anti-CCP antibody and the 

HLA-DRBISE allele predicts the RA onset (OR = 66.8) (Berglin et al.2004). Other 

studies indicated that the anti-CCP level was associated with PTPN22 haplotype 

(Johansson et al.2006). In a Japanese RA cohort, the haplotype of the 

peptidylarginine deiminase 4, the enzyme that converts arginine to citrulline, was 

associated with RA risk (Barton, A. et al.2004; Suzuki et aL2003), however, this 

result could not be replicated in Caucasian studies (Barton, A. et al.2005; Burr et 

al.2010). Recently, it was suggested that anti-CCP positive and anti-CCP negative 

RA were two genetically distinct diseases (Ding et al.2009; Ohmura et al.2010). 

A meta-analysis showed that anti-CCP status associated with polymorphisms in 

the tumour necrosis factor receptor associated factor 1 and complement component 5 

(TRAF1-C5) (Patsopoulos and Ioannidis2010). Anti-CCP status in RA patients was 

associated with the polymorphisms rs3761847 (OR = 1.25，95% CI: 1.13 - 1.37, 

p-value = 6.8 x 10.6) and rs6920220 (OR = 1.29, 95% CI: 1.21 -1.39, p-value = 1.6 x 

10-13) in 6q23 loci. 

1.7.3. Anti-nuclear proteins 

Anti-A2/RA33 auto-antibodies (Hassfeld W et al.l989) target a nuclear protein, 

heterogeneous nuclear ribonucleoprotein A (hnRNP-A2) (Hassfeld W et al.l995)， 

which is an enzyme that splices and transports mRNA within the endoplasmic 

reticulum. Auto-antibody to hnRNP-A2 is found in 30% of RA (Trembleau et 

al.2010), 20 - 30% of SLE (Fritsch-Stork et al.2006; Sun et al.2003) and 40% of the 

patients with mixed connective tissue disease (MCTD) (Skriner et all994). It is also 

found in early RA patients but it is absent in osteoarthritis, reactive arthritis or 

psoriatic arthropathy tissues. Its specificity for RA increased to 96% when it is used 
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with a negative selection panel for SLE and MCTD (Steiner G et all996). It is 

over-expressed in the synovial membrane of RA patients and may form the target of 

B and T cell auto-reactivity (Panayi and Corrigall2006). In a mouse model, the 

auto-antibody caused severe erosive arthritis similar to RA in humans (Tighe et 

al.l990). 

Anti-BiP (immunoglobulin heavy chain binding protein) is also known as gp78. 

It is a member of the heat shock proteins (Purcell Aw2003). Found in 60% of RA 

sera (Bodman-Smith et al.2004) and also found in other rheumatic diseases, it is 

highly expressed in synovial tissue similar to hnRNP-A2,. Its function and role in RA 

pathology are not fully elucidated. Contradictive reports have been published that it 

may modulate T-cell reactivity and it may also co-mediate auto-immune responses. 

1.8. Classical laboratory investigations 

1.8.1. C-reactive protein 

C-reactive protein (CRP) is an inflammation marker, which is synthesized in the 

liver in response to pro-inflammatory cytokines, such as interleukin 6 (IL-6). 

Elevated levels of CRP are found in patients within the first 24 to 74 hours following 

tissue damage, infection and systemic inflammation. CRP activates a numbers of cell 

types in the immune pathways, such as neutrophils, monocytes and activates platelet 

proliferation. The CRP gene is located on chromosome lq21. CRP is a pentamer 

with five 23 kd sub units. The monomer binds to IgG immune complexes and it also 

binds to the Fc receptors of granulocytes which in turn facilitate phagocytosis. 

Moreover, CRP may have a role in gene regulation, as it has been shown to bind to 

chromatin, histories and small nuclear ribonucleoprotein (snRNPs). The role of CRP 

in auto-immune diseases is not fully understood. Significant levels of CRP have been 
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associated with myocardial infarction, stroke, vascular disease and RA. It has been 

suggested that inflammation is critical in the pathogenesis of these diseases. 

1.8.2. The erythrocyte sedimentation rate 

This is a one-hundred year old non-specific test for autoimmune diseases, in 

which red cells aggregate together to from champs and increase the sedimentation 

rate. In RA patients it can reach over 100 mm / hour. 

In summary, the above biomarkers provided tools for RA detection. In 

established RA, RF is a good indicator as it is readily measured in all hospitals. 

Anti-CCP is a good marker for early RA detection, but it is not freely available in all 

clinical laboratories due to its cost. Auto-antibody to hnRNP-A2 is the most specific 

of all markers, but it is most costly, due to a set of negative selection control marker 

panels for SLE and MCTD being also needed for each test. CRP and ESR provided 

additional information. Diagnostically, anti-BiP auto-antibodies have no significant 

value, but this may be an area for drug development. 
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Chapter 2 Genetic susceptibility to rheumatoid 

arthritis 

2.1. Overview 

Prior to genome wide association studies (GWAS), the study of genetic 

susceptibility of RA was mainly examined by the candidate gene approach. Results 

from early single SNP studies and twin studies suggested that the major 

histocompatability complex human leukocyte antigen (MHC-HLA) alleles accounted 

for 30% of all known genetic contribution (Deighton et al.l989; Rotter and 

Landawl984) and the non-MHC loci made up to the rest of the genetic contribution. 

These non-MHC loci included PTPN22, STAT4, PADI4, CTLA-4, TNFAI3-OLIG3, 

TRAF, IL2-alpa, IL2-beta, 0CTN-IL13 loci (Chen, R et al.2010; Li, Y et al.2008; 

Patsopoulos and Ioannidis2010; Remmers et al.2007; WTCCC2007). 

In 2007, two GWAS studies reported on RA: the WTCCC (WTCCC2007) and 

the North American Rheumatoid Arthritis Consortium NARAC study (Remmers et 

al.2007). These are the very first GWAS studies to address the RA predisposition 

SNPs. Over 330,000 SNPs were genotyped, and around 49 were found to be 

associated with RA, ten of them being new to RA. The NARAC study used a 

different Caucasian cohort and established that protein tyrosine phosphatase 

{PTPN22) is involved in RA predisposition (Remmers et al.2007). 
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2.2. Major histocompatibility Complex susceptibility 

alleles 

The MHC is also called the HLA locus, which is located on chromosome 6p21.3 

and is well known as the primary locus consistently and repeatedly associated with 

RA in many population cohorts (Taneja et all996). In 1978, Statney established that 

the DW4 of the class II HLA proteins were more commonly found in patients with 

RA when compared with controls (Colbaugh and Stastnyl978; Stastny, P. 1978; 

Stastny, P. 1978). Gregersen et al. located the DW4 subunits to a shared conservative 

amino acid sequence R-A-A (arginine, alanine and alanine) at positions 72-74 in the 

third hypervariable region (HVR3) of the HLA-DRBl protein chain (Gregersen et 

al.l986; Gregersen et al.l987). The HLA-DRBl SE is associated with RA 

(Gregersen et all987; Meyer et all999), its severity(Meyer et all999), bone 

erosion (Gorman et al.2004) and anti-CCP antibodies (Kapitany et al.2008; 

Liim-Rasker et al2006). In 2005, du Montcel et al. (Du Montcel et al.2005) 

established the RAA motif is modulated by amino acid at positions 70 and 71. At 

amino acid position 70, amino acid residues in descending order of risk for RA are 

glutamine (Q), arginine (R), and aspartic acid (D), while at position 71 are lysine (K), 

arginine (R), alanine (A) and glutamic acid (E). The alleles are classified as S2, S3P 

and L {SI, S3D and X) according to the risk for RA and the type of amino acid at 

positions 70 and 71. The S and X groups indicated the presence and the absence, 

respectively, of the RAA sequence at positions 72-74. The L group indicated a low 

risk for RA (Table 2.1) 

The class II subunits of the HLA-DRBl locus coded for a shared epitope 

{HLA-DRBl SE) region which includes DRBim DRB1W4 and DRB1*05 loci 

(Gregersen et al.l987; Kim, HY et all995). A meta-analysis showed an association 
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of bone erosion with the DRBl *04 loci (Gorman et al.2004). In Caucasians, severe 

RA is associated with HLA-DRBl but this locus is rare in Asian, Kim et al. 

established that the HLA-DRBl *05 is the most common form of the HLA-DRBl 

locus in Koreans (Kim, HY et all995). 

The HLA-DRBISE allele is associated with being anti-CCP positive in 70% of 

all RA patients (OR = 3.0). The presence of anti-CCP antibodies is associated with 

the severity and the onset of RA. This may imply that anti-CCP antibody positive RA 

patients and anti-CCP antibody negative RA patients have different pathologies. 

Table 2-1 Classification of HLA-DRBl alleles (Gyetvai et al.2010; Michou et 

al.2006) 

Allele (%) Positions 70-74' HLA-DRBl 

S2 (9%) Q-K-RAA *0401 

D-K-RAA *1303 

S3P (21%) Q-R-RAA *0101,*0102,*0404,*0405, *0408 

R-R-RAA *1001 

SI (24%) D-E-RAA *0103, *0402, *1102, *1103, *1301, *1304, 

*1323 

Q-Q-RAA *15 

S3D (10%) D-R-RAA *1101, *1104,*12, *1305, *1306, *1325, *1422, 

*16 

X (36%) Q-K-RGR *03 

Q-R-RAE *0403, *0407, *0411 

D-R-RGQ *07 

D-R-RAL *08 

R-R-RAE *0901, *1401,*1404 

Animo acid codes: Alanine (A), aspartate (D), glutamate (E), glycine (G), lysine (K), 

leucine (L), arginine (R), 
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2.2.1. Major histocompatibility complex, class II, DQ alpha 1 (HLA-DQAl) 

The HLA-DQAl class II gene encodes for the T-cell receptor (TRAb - V). It was 

reported that it enhances the risk of arthritis in JRA in Caucasian RA patients from 

north Europe (Haas et all995; Maksymowych et al.l992). A 43kd nuclear binding 

protein DEK (Murray et al.l997) and its autoantibody - anti-DEK were frequently 

found in 57% of the patients with IRA compared to 3% of controls (p < 0.0001) 

(Adams et al.2003; Murray et all997). DEK is a DNA binding protein, whose target 

is the highly conserved TC-rich Y-box regulatory element (5'GATTG3') in 

MHC-HLA class II gene promoters. The Y box penta-oligo motif is highly conserved 

in DQAl, DRA, DQB and DRB genes. 

This DEK is an oncoprotein as well as an auto-antigen over-expressed in 

inflammatory cells in synovial fluid with chemo-attractant activity (Mor-Vaknin et 

al.2006). These observations suggested that DEK may play a role in the regulation of 

HLA-DQA antigens. In 2007, the WTCCC GWAS study reported that SNP 

rs6457617 (WTCCC2007) is highly significant in RA patients (p = 10x 10—76)，̂ ^̂  jĵ  

HapMap data, it is mapped to the chromosome 6 region HLA DQl region. 

2.3. Non MHC-HLA SNPs 

2.3.1. Protein tyrosine phosphatase, non-receptor type 22 

Protein tyrosine phosphatase non-receptor type 22 (PTPN22) is associated with 

RA pathogenesis in Caucasians (Begovich et al.2004; Lee, AT et al.2005; Plenge et 

al.2005). It is located on chromosome l(lpl3), and carriers of the T-allele in 

(rs2476601, 18580T) increases the relative risk of RA by 1.6 fold (OR: 1.6, 95% CI: 

1.4-1.8, p=4.8 X 10-12) (plenge et al.2005). The T allele variant results in an amino 

acid change from arginine to tryptophan (R620W) (Rodriguez-Rodriguez et al.2011) 
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in one of the several proline rich motifs at the non catalytic C-terminal end. This 

motif binds with the negative regulatory kinase C- terminal src kinase (CSK). This 

LYP-CSK complex inhibits the T cell antigen receptor (TCR) signaling pathway by 

down-regulating the tyrosine kinase, lymphocyte specific protein tyrosine kinase 

(LSK) (Tanaka et al.2005) and reduces the T cell activation (Tanaka et al.2005). 

The risk allele T in rs2476601 is found in all population groups studied from 

UK (Vinkemeier et all998), Swedish (Plenge et al.2005), Dutch (Zhemakova et 

al.2005) or North American descendents (Begovich et al.2004; Kokkonen et al.2007; 

Potter et al.2009). From the human genome project, Caucasian with European 

ancestry (CEU) data showed that rs2476601 is tagged to rs6679677. However, in 

both Asian and African populations, no association is found between PTPN22 and 

RA. Hapmap data showed that rs6679677 is not polymorphic in Chinese and the 

MAF is 2% for rs2476601 

The role of PTPN22 in autoimmune diseases is seen in SLE (Carlton et al.2005), 

juvenile idiopathic arthritis (JIA) (Ota et al.2004; Vinkemeier et all998), Grave's 

disease (Criswell et al.2005) and vitiligo (Arora et al.2003; Chen, X et al.2003; 

Yoshimoto et aL2003). However, no association is found with multiple sclerosis 

(Mathur et al.2007; Vinkemeier et al.l998), Crohn's disease (Watford et al.2004), 

psoriasis (Tyler et al.2007) or psoriatic arthritis (Vinkemeier et all998). 

PTPN22 is the most replicable non MHC-HLA SNP often found to be associated 

with RA in Caucasians (Costenbader et al.2008; Goeb et al.2008; 

Rodriguez-Rodriguez et al.2011), and along with MHC-HLA-DRB, the two genes 

explain 50% of all RA cases (Tyler et al.2007; Ungureanu and Silvennoinen2005). 

Similar to MHC-HLA-DRB 1’ the PTPN22 is strongly associated with being anti-CCP 

positive (OR = 1.49, p = 2 x 10"̂  but not anti-CCP negative) (Plenge et al.2005). 
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These findings further support that anti-CCP positive and anti-CCP negative RA have 

different pathologies. In addition, T cells that express the T-allele produce less 

interleukin-2 {IL2) in response to T cell signaling. Therefore, PTPN22 C>T induces 

weaker signaling to effectively remove auto-reactive T cells. 

Similar to the HLA SLE Se allele, the SNP PTPN22 is associated with a 4.2 

years earlier onset of RA than those without (Karlson et al.2008). In Caucasians, no 

association was found between the PTPN22 genotype and bone erosion (Karlson et 

al.2008). 

2.3.2. Signal Transducer and Activator of Transcription 4 

The signal transducer and activator of transcription 4 (STAT4) is an 86kb protein, 

with gene located on chromosome 2 (2q32.2-q32.3) (Remmers et al.2007). A SNP 

was indentified at position 274 (rs7574865 G>A) within the third intron of the STAT4 

gene . STAT4 is a member of the STAT family of transcription factors (Remmers et 

al.2007). It is induced by cytokines, such as interleukinl2 (IL-12) (Nishikomori et 

al.2002; Thierfelder et all996), IL-23 (Watford et aL2004) and type 1 interferons 

(IFNs). They are phosphorylated by the receptor-associated kinase in the cytosol 

and form homo or heterodimers that are translocated to the cell nucleus, where they 

induce interferon-gamma (IFN-gamma) transcription and promote type 1 helper (Thl) 

differentiation (Watford et al.2004). STAT4 also plays a role in Thl7 cell 

differentiation through IL-23 activation (Mathur et al.2007). STAT4 is expressed in 

natural killer (NK) cells (Huang, Y et al2011; Miyagi et al.2007), T cells (Mathur et 

al.2007; Thierfelder et all996), and follicular lymphomas (Zhang, SS et al.2001). 

The T variant (rs7574865) of STAT4 is in linkage with three other SNPs 

(rsl 1889341, rs8179673 and rslOl 81656) and rs7574865 shows the strongest 
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association with RA (OR-1.37, 95% CI: 1.17, 1.6, p=8.29 x lO"̂ ) (Lee, HS et 

al.2007). The association of the rs7574865 T-allele with RA was reported in patient 

groups of both Caucasians (Barton, Anne et al.2008) and Asians (Lee, HS et al.2007). 

The prevalence of the T allele in rs7574865 is 26% in Caucasians (Remmers et 

al.2007) and 32% in Asians (Lee, HS et al.2007). 

The association of rs7574865 with RA and SLE was first reported in 2007 by 

Remmers et al. in the NARAC case-control series study (Remmers et al.2007). It was 

then replicated in a Korean population (Lee, HS et al.2007). Moreover, STAT4 has 

been established to be associated with SLE in Caucasian (Namjou et al.2009), 

Korean, Japanese (Tsuchiya et al.2010) and Chinese populations (Li, P et al.2010; 

Luanetal.2011). 

2.3.3. Cytotoxic T Lymphatic Antigen 4 

Cytotoxic T lymphatic antigen 4 (CTLA-4) is also known as CD 152 (cluster of 

differentiation 152). The CTLA-4 gene on chromosome 2q33 encodes 

immunoglobulin CTLA-4, which is expressed on the surface of helper T cells and 

regulatory T cells (Tregs). The role of CTLA-4 in the T cell activation pathway is 

inhibitory, as it down-regulates T cell activation. T cell activation has three stages. 

The first stage involves the recognition of an antigen-presenting cell such as B cells, 

macrophage or dendritic cells bound to an antigen that is complementary to its HLA 

epiotope. The CD80/CD86 (also as known as B7) receptors on the APC surface then 

bind to CTLA-4 and its co-stimulator CD28 on the T cell surface. The function of 

CD28 is to up-regulate T cell activation. This cell-to-cell recognition mechanism is 

further strengthened by the application of soluble fusion protein abatacept which 

consists of a CTLA-4 linked to modified Fc protein of human immuoglobulin G 1， 
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(IgGl). This fusion protein reduces T cell activation by binding to CD80/CD86 and 

blocking the interaction with CD28. Abatacept has been shown to be effective in the 

management of RA. 

In 2007, two large Caucasian cohorts, the North American Rheumatoid Arthritis 

Consortium (NARAC) and the Swedish Epidemiological Investigation of 

Rheumatoid Arthritis (EIRA) showed that rs3087243 of the CTLA-4 gene is 

associated with RA development (0R=1.1, 95 % CI: 1.0-1.2, p=0.004) (Plenge et 

al.2005). Similar to HLA-DRBland PTPN22, the association is limited to anti-CCP 

positive cases. 

2.3.4. Peptidylarginine Deiminase 4 

The peptidylarginine deiminase 4 {PADI-4) locus is located on chromosome 1 

(lp36) and is associated with RA in Asian populations. Meta-analysis showed a SNP 

rs2240340 at intron 3 (A>T) is associated with Asian RA patients (OR = 1.3, 95% CI: 

1.2-1.4, p=0.0001). Inconsistent results for the association between PADI-4 and RA 

have been found in different Caucasian study populations. Positive associations were 

found in North American and German populations but it could not be replicated 

among Spanish, Swedish and UK populations (Burr et al.2010). In Asian populations 

both Korean and Japanese studies showed PADI-4 is associated with RA. However, 

recently, Chen et al. showed 5 SNPs (rsl 1203366, rsl 1203367, rs874881, rs2240340 

and rsl 748033) of the PADI-4 gene do not contribute to genetic susceptibility to RA 

in Chinese (Chen, R et al.2010). 

The function of PADI-4 involves the post-translational modification of arginine 

to citrulline, and during this process citrullinted peptide antibodies (anti-CCP) are 

formed. Other evidence for the involvement of PADI-4 in RA includes the presence 
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of PADI-4 rtiRNA in haematological cells, pathological synovial tissues and blood of 

RA patients (Chang, X et aL2009). In humans, there are five types of PADIs of which 

PADI2 and PADI-4 are found in RA synovial membrane. Elevated PAD activity 

induced influx of calcium to the cell membrane and lead to cell death. Citrullinated 

proteins have been detected in the synovial membrane of patients with various forms 

of arthritis and in the inflamed tissue, which may imply that citrullination is 

associated with inflammation. In RA patients, anti-CCP autoantibody producing 

plasma cells have been found in the synovial membrane and higher anti-CCP 

autoantibody levels are found in the RA joint compared to serum. Auto-antibodies to 

anti-CCP are also highly expressed in synovial fluid. This auto-antibody is mapped to 

citrullinated alpa enolase peptide 1 (CEP-1) (Fisher et al.2011). It is reported that 

both anti-CCP and anti-CEPl levels are higher in RA patients when compared with 

osteoarthritis or spondylarthritides (mean alpa enolase is 6.4 ng / L，4.3 ng / L and < 

0.9 ng / L in RA, SpA and OA controls, respectively) (Kinloch et al.2008). Sixty 

percentage of RA synovial fluid contained anti-CEPl compared to 5 % in OA and 

none for SpA samples (Kinloch et al.2008). This implies that citrullinated protein 

expression is a result of inflammation and a site of up-regulated alpa-enolase. In one 

study of 373 RA patients, the association of anti-CCP with disease severity was 

affected by PADI-4-94 rs2240340, O T (CC, OR = 0.93, CT，OR =2.92, TT, OR = 

15.3)(Hoppeetal2009). 

2.3.5. The Tumour Necrosis Factor pathway 

The WTCCC, the NARAC and a meta-analysis study identified three SNPs in 

the tumour necrosis factor (TNF) pathway that are associated with RA in Caucasians. 

They are TNFA1P2 (rs2771369, p = 7.57 x 10'̂ ) (WTCCC2007), TNFA1P3 
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(rs3761847, p = 2.8 x 10"^ OR = 1.4, 95 % CI: 1.2-1.5) (Bowes and Barton2008; 

Patsopoulos and Ioannidis2010; Plenge et al2007) and TRAF1/C5 (rs6920220, p = 

1.58 X 10.5, 0 R = 1.33, 95 % CI: 1.33-2.22) .(Patsopoulos and Ioannidis2010) They 

map to chromosomes 14q32，9q33 and 6q23, respectively. TNFA1P2 is also called 

the B94 protein 3. It was originally identified as a TNF-alpha inducible primary 

response gene in endothelial cells. 

It is involved in haematopoietic tissue development and expressed in 

mononuclear progenitor cells in bone marrow, monocytes and in granulocytes. 

The frequency for these SNP variants is different between Caucasians and 

Chinese. Hapmap data showed that the rs2771369 A-allele frequency is 0.144 in 

Caucasians and 0.378 in Asians; for rs3761847 the A-allele frequency is 0.483 in 

Caucasians and 0.511 in Asians; rs6920220 is not in polymorphic among Chinese. 

2.3.5.1. Tumour Necrosis Factor, alpha induced protein 3 and oligodendrocyte 

transcription factor 3 locus 

A GWAS study showed two SNPs, rs6920220 (p-value = 1 x 10—4) and 

rs 10499194 (p-value: 1 x 10 �9), on chromosome 6q23 are associated with RA in 

Caucasians (Plenge et al.2007). However, in one meta-analysis based on five GWAS 

studies it confirmed the association of rs69020220 with RA but rs104991944 could 

not be replicated (Patsopoulos and Ioannidis2010). These two SNPs are not 

polymorphic among Chinese populations. They are located in a 63 kbp linkage 

disequilibrium (LD) block. From correlation analysis，they appear to be two 

independent risk variants TNFAIP3 / OLIG3 (WTCCC2007). They are commonly 

found in Caucasians (7 to 21%). They have a modest influence on the risk of RA (OR 

=1.33, 95 % CI: 1.33-2.22, p = 1.58 x 10'̂  and 1.33 for rs6920220 and rsl0499194, 
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respectively). TNFAIP3 is a cytoplasmic TNF alpha inducible Zinc finger protein 

that functions as a ubiquitin editing enzyme modulating both TNF and Toll-like 

receptor induced NF-K beta activation. Mice without this enzyme develop severe 

inflammation in multiple organs including the joints, whereas mice lacking olig3, 

showed abnormal neuronal development. Factor analysis suggests rs 10499194 is in 

LD with another SNP rs 17066662 in Caucasians and it is in polymorphic in Chinese. 

Therefore, this tag SNP rs 17066662 was included in this study. 

2.3.5.2. Ttimour Necrosis Factor Receptor-associated factor 1 - Complement 

Component 5 

Tumour necrosis factor receptor-associated factor 1 - complement component 5 

{TRAF1-C5) has a variant ofrs3761847 which mapped to 9q33-34 (OR = 1.4, 95 % 

CI: 1.2-1.5; p = 2.8x 10-8) which was associated with RA (WTCCC2007). This has 

been replicated in a large Caucasian cohort (Plenge et al.2007). The functions of 

TRAFl—C5 are not fully understood, but the function of TRAFl appears to be 

down-regulating signals mediated from TNF receptors, T-lymphocyte receptors and 

C5 is a member of the complement pathways. 

2.3.5.3. Membrane Metallo-Endopeptidase-Like 1 Gene - Tumour Necrosis 

Factor Receptor Superfamily, Member 14 

The SNP rs6684865 in membrane metallo-endopeptidase-like 1 gene- tumour 

necrosis factor receptor superfamily, member 14 (MMELl / TNFRSF14) is located in 

chromosome lp36.32. The risk GG genotype was found to be associated with RA 

with modest GWAS p-value (OR = 1.54, 95 % CI: 1.25-1.90, p = 3.14 x 10"̂  ) 

(Plenge et al.2007; WTCCC2007). The implication of the MMELl gene in RA 
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required a very large sample size, but the nearby TNFRSF14 gene is a TNF receptor 

super-family member. It interacts with TRAP proteins and activates the transcription 

factors AP-1 and induces the inflammation transcriptional regulator nuclear 

factor-KB (NF-KB) (Marsters et al.l997). Moreover, Perdigones et al. recently 

established that there was a gene-gene interaction between TNFRSF14 and 

TNFRSF6B (OR-1.49) in Spanish patients with RA (Perdigones et al.2010). 

2.3.6. Solute carrier family 22 and interleukin-13 

The chromosome 5q31 region has been reported to be associated with multiple 

autoimmune diseases including Crohn's disease (Martinez et al.2006), SLE and RA. 

In 2003, a Japanese study reported that solute carrier family 22, member 4 (SLC22A4) 

which encodes the organic cation transporter 1 (OCTNl) and runt-related 

transcription factor 1 (Runxl) was associated with RA (Tokuhiro, S et al.2003). A 

variant of SLC22A4 (rs2073838) with modified Runxl binding site reduced its 

expression. RUNXI is a hematopoietic transcription factor and was found to be 

associated with leukemia, SLE and PSA. However, these associations have not been 

replicated in other Japanese study populations (Kuwahara et al.2005), where no 

associations were observed between SLC2F1 and RUNXl in RA patients (OR = 1.24, 

95 % CI: 0.92-1.67, p-value = 0.15 and OR = 0.85, 95 % CI: 0.64-1.05, p-value -

0.11,) or in Caucasians (Martinez et al.2006). In 2008, a GWAS study (He et al.2008) 

studied this 5q31 region of 725kb by including 99 SNPs that covered 14 genes, and 

the result showed only two SNPs rs 11568506 (OR : 0.68, 95 % CI: 0.47-0.99, p = 

0.043) and rsl 800925 (OR = 0.77, 95 % CI: 0.67-0.88, p-value - 1.5 x 10-4) were 

associated with autoimmune disease, psoriasis and Crohn disease (Li, Y et al.2008). 

The rsl 1568506 is located in the intronic region of SLC22A4 {OCTNl) and the 
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rs 1800925 is located at the 5’ of the Interleukin-13 (IL-13) gene. These reports 

implied that the 5q31 cytokine cluster harbored multiple SNPs associated with 

psoriasis as well as other autoimmune diseases (Chang, M et al.2008). 

2.3.7. InterleuIdn-2 Receptor Alpha and InterleuIdn-2 Receptor Beta 

Previous reported studies from candidate gene markers and micro satellite 

genotyping often yielded only weak evidence for linkage of cytokine genes to RA 

even in a large sibling pair study (John et all998). In 2007, the WTCCC RA GWAS 

study showed SNP rs2104286 in the IL2RA gene mapped to chromosome 10pl5 (OR 

二 1.68 95% CI: 1.31-2.14，p-value = 2.52 x 10"̂ ) and rs743777 in the IL2RB gene 

mapped to chromosome 22ql3 (OR = 1.72, 95% CI: 1.40-2.11, p-value = 1.15 x 10—6) 

were associated with RA in Caucasians (WTCCC2007) and these associations were 

replicated in another Dutch Caucasian population (Kurreeman et al.2009). Both 

WTCCC and the Dutch studies demonstrated that IL2RA and IL2RB are important in 

the development of RA. Lately, the IL2RA region was also shown to be associated 

with other autoimmune diseases such as type 1 diabetes (Vella2005) and multiple 

sclerosis (Matesanz et al.2007). 

2.3.7.1. The structure and function of the inter leu kin 2 receptor 

The IL2 receptor is composed of three subunits: alpha (CD25), beta (CD 122) 

and gamma (CD 132) (Minami et all993). Only CD 122 and CD 132 have large 

intracellular domains and transduce signalling across the cell membrane. There are 

two forms of IL2 receptors: the low affinity dimer of CD 122 and CD 132, and the 

high affinity CD25, CD 122 and CD 132 trimer. The low affinity IL-2 receptor is 

found at low levels in CD4+ T cells and high levels in CD8+ and NK cells. The high 
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affinity IL-2 receptor is found in forkhead box P3 (FoxP3) positive CD4+CD25+ 

regulatory T (Treg) and activated T cells. 

2.3.7.2. Interleukin-2 and mterleukm-2 receptor 

IL-2 is a 15kd cytokine first described as a T cell growth factor in 1976. In the 

1990s, results from IL-2 and IL-2R knockout mice suggested that IL-2 is linked to 

severe autoimmunity. Subsequent studies linked this abnormality to IL-2-dependent 

FoxP3+CD4+CD25+ Treg cells whose function is to maintain immune tolerance. IL-2 

exhibits bipolar functions, where it promotes proliferation and differentiation of 

CD4+ and CD8+ T cells. It also induces apoptosis in CD4+ cells maintaining the 

balance between protection from pathogens and suppression of self-reactive T cells. 

2.3.8. Granzyme 

Synovial tissue destruction has been attributed mainly to serine proteinases and 

matrix metallo-proteinases. They are produced by fibroblast-like synoviocytes, 

marcophages, chondrocytes and polymorphonuclear cells. There are granzyme A and 

granzyme B. 

Granzyme A is a trypsin-like proteinase. In fibroblasts and epithelial cells, it 

induces IL-6 and IL-8 production, and in monocytes it also induces TNF alpha 

production. 

Granzyme B is a serine protease that is expressed in cytotoxic T cells (CTL), 

natural killer (NK) cells, and human plasmacytoid dendritic cells (pDCs) (Jahrsdorfer 

et al.2010). Granzyme is stored in the granules of activated CTL, NK cells and 

pDCs. 

During CTL and NK cells adherence to virus-infected or malignant cells, 
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granzyme containing granules move to the site of cell contact and dispose their 

cytotoxins to the target cell. Granzyme initiates apoptosis by digesting caspase and 

fragmentising target cell DNA. A number of studies showed that granzyme is 

involved in inflammation and destruction of RA joints. In vitro experiments showed 

that granzyme can digest cartilage into its proteoglycan subunits (Ronday et al.2001). 

A large number of granzyme positive NK cells are found in RA synovial tissue and 

synovial fluid when compared to their corresponding plasma samples. Thus, it is 

suggested that granzyme is produced locally at the inflamed site and directly digests 

the cartilage matrix in RA joints. Furthermore, free oxygen radicals, nitric oxide and 

destructive enzymes are located abundantly in this cartilage-pannus junction, which 

is associated with severe cartilage invasion. The number of granzyme B+ cytotoxic 

cells, T cells and fibroblast-like synoviocytes are related to the severity of joint 

damage. 

Immuno-histochemical analyses, in situ hybridization and RT-PCR revealed 

that granzyme and pore-forming protein perforin (PFN) levels are raised in 

chondrocytes in RA cartilage. The levels of granzyme and perforin expression are 

similar to that of apoptotic cells (Horiuchi et aL2003). Recently, it was suggested 

that granzyme B might have roles other than the cytotoxic effect. In human 

plasmacytoid dendritic cells, granzyme B is secreted directly to T cells, it inhibits T 

cell proliferation by cell to cell contact and it is free from perforin co-stimulation 

(Jahrsdorfer et al.2010). 

2.3.9. Chemokine (C-C motif) Receptor 6 

CCR6 is the gene encoding for chemokine (C-C motif) receptor 6. It is a surface 

marker for the helper T cells (Thl7 cells) that produce IL-17, and it is also expressed 
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on inactivated memory T-cells and dendrite cells. It is down regulated in activated T 

cells. Mouse animal models suggested Thl7 cells play an important role in RA. 

Kochi el al (Kochi et al.2010) demonstrated that in a large Japanese GWAS, 

replication case control study (case, n=7069, control, n=20,729) a SNP rs3093024 at 

the CCR6 region in 6q27 increased the risk for RA (OR = 1.27, 95% CI:1.18-1.37, 

p-value = 4.5 x lO]。)，where the risk allele was T. Furthermore, Kochi el al also 

demonstrated the expression level of CCR6a transcripts was increased with the 

number of the risk T-alleles. The role of CCR6 in the development of RA was further 

supported from another European GWAS meta-analysis (Stahl et al.2010), which 

consisted of 5,539 RA patients and 20,169 normal controls (OR = 1.13，95 % CI: 

1.08-1.18, p-value = 3.6 x 10'^). However, these latest findings involved very large 

study population sizes and the effects of CCR6 for RA were small. 

2.3.10. Association of T-cell Receptor Alpha 

The first study on the association of T-cell receptor alpha with autoimmune 

disease came from a study with narcolepsy in 2009 (Hallmayer et al.2009). 

Narcolepsy or dyssomnia is a chronic sleep disorder characterized by excessive 

daytime sleepiness. This study indicated that narcolepsy in man is associated with a 

single HLA allele rsll54155, DQB*0602 among all ethnic groups (OR = 1.69, 95 % 

CI: 1.52-1.88, p< 1 X 10—21). TEA alpha gene encodes for the TRA alpha-chain of the 

TRA alpha beta dimer. This heterodimer is expressed by T cells, and interacts with 

both MHC-HLA Class I antigens in CDS cytotoxic cells and the MHC—class II 

antigens in CD4 T helper cells. The alpha and beta chains of the TRA receptor genes, 

like the immunoglobulin heavy and light chain loci, undergo somatic cell 

recombination. Specific TRA and TRB chains with specific functional variables and 
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J segments are formed. This mechanism ensures distinct TRA alpha beta 

idiotype-bearing T cells can be recognized and presented by MHC-HLA class I and 

II cells. At present, no other autoimmune diseases have been found to be associated 

with TRA. 

2.3.11. Association of Protein Kinase C, theta 

The SNP rs4750316 is in PRKCQ on chromosome 10 which encodes for the 

PRKCQ protein, and it was indicated to increase the risk of RA (p for trend = 5.55 x 

10-5). 

2.3.12. Association of Kazal Type Serine Protease Inhibitor Domain 

The SNP rs 10786617 was one of the nine SNPs reported by the WTCCC study 

that had increased risk for RA with a weak GWAS p value (p for trend = 3.56 x 10'̂  

(WTCCC2007). In humans, it is located on chromosome 10. Studies of the mouse 

model suggested that the gene product of KAZALDl may play a role in bone 

development and bone healing after injury (Shibata et al.2004). This SNP may be 

involved in the prognosis of bone erosions in RA. 

2.3.13. Association of Sex differentiated SNPs in RA 

The WTCCC GWAS study demonstrated that the GG genotype of SNP 

rs 11761231 in chromosome 7 increased the risk for RA (p for trend = 1.74 x 10" )̂. 

Subgroup analysis showed that it posed no effect in male patients but in female 

patients, it increased the risk of RA (OR = 1.64，95 % CI: 1.35 - 1.99, p for trend = 

3.91 X 10-7). This SNP appeared as a non-functional SNP and showed no linkage to 

any other SNPs. However, the physical position of this SNP (7q23, 131020579) is in 
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a recombination hotspot. 

2.3.14. The Wellcome Trust Case Control Consortium GWAS 2007 

The WTCCC GWAS study was published in 2007 and it was the first GWAS 

case-control study consisting of 14,000 cases and 3000 shared controls. It studied 

seven common diseases including rheumatoid arthritis. The study found 10 new 

SNPs with modest p for trend values range from (3.45 x 10'̂  - 7.92 x 10"̂ ), it also 

reconfirmed genes in the PTNP22, and MHC-HLA regions were involved in RA risk. 

It also showed RA is a sex-differentiated disease this was reflected by the clinical 

data that there was a 4 to 1 ratio of female to male RA patient ratio. The study also 

showed that multiple diseases could be the result of a single SNP change. 

Furthermore, there were 47 SNPs with p-values between 0.1 to 1 x 10"̂  involved in 

RA risk (WTCCC2007). Some of these SNPs were mapped to DNA regions with 

undetermined function, such as rs9550642 and rsl937506. These two SNPS are also 

included in the present study. 

2.4. Gene to gene interaction in rheumatoid arthitis 

Epistasis is used to describe those phenotypes that only arise when specific 

alleles of two or more genes are present in the same individual. It is the result of a 

variety of underling mechanisms: proteins within a protein complex or the activity of 

a protein encoded by an allele of one gene are altered due to its interaction with 

anther protein encoded by a second gene. The effective size of such interaction 

depends upon the specific alleles encoding each of the induct proteins. 

For example, A-allele of gene 1 alters the activity of the Y-allele of gene 2, but 

B-allele of gene 1 has no effect on the activity of the Y-allele of gene 2. The two 
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locus epistatic interaction can be either synergistic (additive effect) or antagonistic 

(reducing the activity). 
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Chapter 3. Methodology 

3.1. Objectives 

Hypothesis: Genetic polymorphisms are associated with rheumatoid arthritis 

Objectives: 

1. Replicate study of association found in the rheumatoid arthritis predisposition loci 

identified from the WTCCC and NARAC genome wide association studies (Plenge 

et al2007) in Chinese patients, in order to show whether these associations exist 

among the Chinese population. 

2. To develop the significant findings in (1) into clinically useful prognostic 

indicators after controlling for other confounding factors and other prognostic 

factors. 

3.2. Subjects and methods 

3.2.1. RA patients -disease definition and selection criteria 

Patients who fulfilled the following criteria were recruited: 

a) Diagnosed by a qualified physician to have rheumatoid arthritis (RA) and 

fulfilling the American College of Rheumatology criteria for a diagnosis 

(possessing at least 4 of 7 criteria listed in table 1-3 and criteria 1 through 4 must 

have been present for at least 6 weeks) (Amett et aL1988). 

b) Ethnicity is Chinese. 

c) Aged 18 years or over. 

These ACR criteria had 91-94% sensitivity and 89% specificity for RA when 

compared with non-RA rheumatic disease control subjects. 

39 



Patients were recruited from the Rheumatology unit, Department of Medicine 

and Therapeutics, The Chinese University of Hong Kong at the Prince of Wales 

Hospital (Shatin, Hong Kong). All eligible patients who were registered with the 

clinic were invited to join the study. The study was conducted from January 2005 to 

December 2009. 

All participants gave written informed consent before the interview and 

laboratory measurements. This study has been approved by The Chinese University 

of Hong Kong - New Territories East Cluster Clinical Research Ethics Committee. 

3.2.2. Exclusion (cases) 

Inability to give informed consent. 

3.2.3. Normal Control subjects 

Control subjects who fulfilled the following criteria were recruited:-

a) Ethnic Adult Chinese 

b) No medical history of any joint disease 

c) Have never had a history of metabolic bone disease 

d) Have never been on oral or inhaled corticosteroid therapy for 3 months or more. 

The controls subjects were recruited from an ongoing study of osteoporosis 

healthy community elderly male and female: Hong Kong Mr Os (Woo et al.2008) 

and Hong Kong Ms Os Study (Woo et al.2009; Woo et al.2008). The control cohort 

included healthy men and women of age 60-70 years, recruited from the community 

for examination of bone mineral density. A detailed questionnaire on disease risk 

factors, past medical history and overall health and medication was recorded. 

Subjects were questioned about the medical and surgical conditions that resulted in 

hospital admission, as well as by going through a check list of 17 conditions 
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previously found to be associated with bone mineral density (BMD). Subjects were 

asked to bring in all medications for identification. 

Only subjects with absolutely no history of joint and bone symptoms were 

included in this study. 

3.3. Sample size determination for genetic association 

study 

To determine the sample size required for this study 

Given: The frequency of a high risk genotype in control group = 20% (minor 

allele frequency is 0.2) 

• Expected allelic odds ratio �1 .75 (average odd ratios defined in recent genome 

wide association studies) 

• Power of 80% at a 2 sided a value of 0.001 (p value = 0.001 is used for 

Bonferroni correction) 

The required number of subjects in a 1 case: 2 control design will be 346 cases 

and 692 controls (Gauderman2002). 

3.4. Survey methods - Questionnaire 

A standardized structured questionnaire was used to measure the clinical 

severity assessment including: extra-articular manifestations (for example, Sjogren 

syndrome, leg ulcers, and evidence of vasculitis such as nail fold infarcts, splinter 

haemorrhages, motor neuropathy, rheumatoid nodules, pulmonary disease and Felty 

syndrome), active joint count (number of tender or swollen joints) (Young2000), 

functional grade (Steinbrocker et al.l949), bone erosion of the hands and feet by 
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X-ray (Dixey et al.2004), rheumatoid factor (RF), number of joints irreversibly 

damaged (fixed deformity or surgical replacement) (0rces2002), the socioeconomic 

status and the patient's score on the modified health assessment questionnaire 

(M-HAQ) (Pincus, TS, C. Wolfe, F.1999). 

We recorded treatment by patient review and chart review. Because treatment is 

often intermittent or at varying dosages, we tabulated medication use as "never," 

"former," or "current." Disease activity was assessed based on the 28 joint disease 

activity score (DAS 28), a validated composite score incorporating tender and 

swollen joint count, erythrocyte sedimentation rate (ESR), and a patient global 

assessment of disease activity (100 mm visual analogue scale). A DAS 28 ^1.6 

indicates remission, whereas a value ^4.3 suggests active disease (Van Der Heijde 

et all992). Disease-related damage among RA patients was assessed by an index of 

irreversible joint damage. Bone erosion on X-ray data were obtained from patient 

medical records within plus or minus one month of the date when the blood sample 

was given for DNA extraction. Other data including smoking history, where current 

and ex- smoker were defined as 'ever smokers' and those who never smoked were 

defined as ‘never smokers'. (James2004), Current and ex-alocohol drinkers were 

defined as 'drinkers', whereas non-drinkers were defined as 'never drinks'. Medical 

history, drug treatment, the disability index of the Health Assessment 

Questionnaire(HAQ) (Fries et al.l982), and family history of RA were noted. A 

DAS28 score of 2.4 indicates active RA. 

3.5. Genomic DNA extraction 

Genomic DNA was extracted from 10 mL peripheral blood samples using 

phenol-chloroform extraction (Yaich et al.l992). In brief, the blood samples were 
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centrifuged at 1,500 g for 10 minutes at 4°C and plasma was removed. The 

leucocytes in the buffy coat were lysed by 100 mM ammonium solution. The DNA 

bound protein was digested with protease K overnight at 65 °C. After that the DNA 

was extracted with phenol followed by chloroform. Finally the DNA was then 

allowed to dissolve in Milli-Q water at 4°C for two days. 

The concentrations of DNA samples extracted were measured by NanoDrop 

Spectrophotometer (Thermo Fisher Scientific, USA) and adjusted to 100 ng/mL. The 

quality of extracted DNA was checked with reference to the ratios of 260 nm /280 

nm. An optical density value greater than 1.8 represented a good DNA quality with 

low levels of contamination. The DNA samples were further diluted to 25 ng/100 jaL 

and stored in 96-well plate. Each plate contained 80 samples from column 1 to 10. 

Colour dye and control DNA samples were added to column 11 for PGR quantity 

control as well as plate identification tag. The extracted DNA samples were stored at 

-80 °C before genotyping. 

3.6. SNP selection 

The WTCCC study revealed a list of loci potentially associated with RA, 

however, they may not be the underlying functional SNPs causing the disease 

susceptibility. Therefore, the WTCCC results are considered as a means of high 

resolution fine-mapping to locate the predisposition variant and it provided the clue 

of the location but did not directly point out the exact functional SNP or the gene 

involved. 

In the present study, based on the fine positional information from WTCCC I 

identified the potential regions containing the predisposition gene (Table 3-2). With 
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the information from HapMap, this set of candidate SNPs was defined and plotted to 

show their position in the autosomes (Table 3-3). 

Chromosomes 1, 2 and 6 were indicated to be the most important regions, since 

these were the genetic regions where genes PTPN22 (Plenge et al.2005), STAT4 

(Remmers et al.2007), and the highly versatile MHC-HLA are found. New regions 

were identified such as SNPs found in chromosome 10 and 14，which were mainly 

identified through the WTCCC GWAS study. However, previously reported regions 

such as the SLC22A4-SLC22A5-IL13 regions of the organic cation 

transporter-interleukin 13 on chromosome 5 were also included in the SNP selection 

(Okada et al.2008; Tokuhiro, SY’ R. Chang, X. Suzuki, A. Kochi，Y. Sawada, T, 

Suzuki, M. Nagasaki, M. Ohtsuki, M. Ono, M. Furukawa, H. Nagashima, M. 

Yoshino, S. Mabuchi, A. Sekine, A. Saito, S. Takahashi, A. Tsunoda, T. Nakamura, Y. 

Yamamoto, K.2003). 

We replicated 25 SNPs from 17 loci and determined if there were gene-gene 

interactions in the predisposition to RA. The loci studied were major 

histocompatibility complex {HLA-DRBl rs615672 and HLA-DQAl rs6457617) 

(WTCCC2007), organic cation transporter-interleukin 13 (SLC22A4-SLC22A5-IL13 

rs2073838, rsl 800925) (Li, Y et al.2008; Tokuhiro, SY, R. Chang, X. Suzuki, A. 

Kochi, Y. Sawada, T. Suzuki, M. Nagasaki, M. Ohtsuki, M. Ono, M. Furukawa, H. 

Nagashima, M. Yoshino, S. Mabuchi, A‘ Sekine, A. Saito, S. Takahashi, A. Tsunoda, 

T. Nakamura, Y. Yamamoto, K.2003), tumour necrosis factors (TNFA1P2 rs2771369, 

TNFA1P3 rs3761847, MMELI-TNFRSF14 rs6684865 and TNFA1P2 tagged SNP 

rsl7066662) (Plenge et al.2007; WTCCC2007), interleukin-2 receptor {IL-2RA 

rs2104286, and IL-2RB rs743777) (WTCCC2007), cytotoxic T lymphocyte 4 

{CTLA-4 rs3087243 and rsl0497873) (Costenbader et al.2008; Karlson et al.2008), 
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granzymes {GZEB rs854350) (WTCCC2007), signal transducer and activator of 

transcription 4 {STAT4 rs7574865), (Remmers et al.2007) the peptidylarginine 

deiminase 4 (PADI-4 rs874881 and rs2240340), anaphase-promoting complex 4 

{ANAPC4 rs3816587) (WTCCC2007) , protein kinase C，theta (PRKCQ rs4750316) 

(WTCCC2007), Kazal type serine protease inhibitor domain (KAZALD rsl0786617) 

(WTCCC2007), chemokine (C-C motif) receptor 6 (CCR6 rs3093024)，T cell 

receptor alpha (77M-alpha rsll54155) (Hallmayer et al.2009), protein tyrosine 

phosphatase, non receptor type 22 (PTPN22 rs2476601) (WTCCC2007) and 3 other 

SNPS rslll62922, rsl937506 and rsll761231 (WTCCC2007). 
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Table 3-1 List of candidate loci studied in the present study 

Genes / Loci SNP Physical 

location® 

Major histocompatibility complex 

HLA-DRBl 

HLA-DQAl 

Organic cation transporter-interleukin 13 

SLC22A4-SLC22A5- IL13 

Tumour necrosis factor family 

TNFA1P2 

TNFA1P3 

MMELl- TNFRSF14 

rsl7066662 

Interleukin-2 alpha / beta 

IL-2RA 

IL-2RB 

Cytotoxic T lymphocyte 4 

CTLA-4 

CTLA-4 

Granzymes 

GZEB 

Signal transducer and activator of transcription 4 

STAT4 

The peptidylarginine deiminase 4 

PADI-4-92 

PADI-4-94 

Aanaphase-promoting complex 4 

ANAPC4 

Protein kinase C, theta 

PRKCQ 

Kazal type serine protease inhibitor domain 

KAZALD 

rs615672 

rs6457617 

rs2073838 

rsl 800925 

rs2771369 

rs3761847 

rs6684865 

rsl7066662 

6-34125905 

6-32771829 

5-13167721 

5-132020708 

14-10272331 

9-122730060 

1-2536089 

6-138002706 

rs2104286 10-6139051 

rs743777 22-35881553 

rs3087243 2-204447164 

rsl0497873 2-204470572 

rs854350 14-24317403 

rs7574865 2-191672878 

rs874881 1-17533086 

rs2240340 1-17535226 

rs3816587 4-25026342 

rs4750316 10-6433266 

rsl0786617 10-102825244 
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Table 3-1 List of candidate genes studied in the present study {continued) 

Genes / Loci SNP Physical 

location 

Chemokine (C-C motif) receptor 6 

CCR6 

TRA-alpha 

Protein tyrosine phosphatase, non-receptor type 

22 

PTPN22 

Other GWAS SNPs 

rs3093024 

rsll54155 

rs2476601 

rslH 62922 

rsl937506 

rsl 1761231 

6-167452783 

14-22072524 

1-17535226 

1-80344646 

13-66933372 

10-6139051 

a The physical positions of the SNPs were obtained from Genome Build 36.3, the 

reference assembly used in this study. 
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Table 3-2 Stem and leaf graph to show the candidate genes on chromosomes 

studied in this study 
chromosome no. No. ofSNPs 

1 
2 

3 
4 

5 
6 

7 
8 

9 
0 

1 

2 

3 
4 
5 

6 

7 
8 

9 

20 

21 

22 

MMELI-TNFRSF14 PADI-4 
STAT4 CTLA-4 

ANAPC4 
SLC22A4 
HLA-DRBl 

TNFA1P3 
IL-2RA 

rs 193 7506 

TNFA1P2 

IL-2RB 

rsl 1162922 PTPN22 5 
CTLA-4 3 

IL-13 
HLA-DQAI CCR6 rs17066662 

PRKCQ KAZALD rsl 1761231 

TRA Alpha GZEB 

Total 25 

SNPs denoted in red had been shown to have strong genetic association with RA 

Caucasians 
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3.7. The International HapMap project 

The human genome project (Consortium2005) was set up to determine the 

haplotypes of the human genome across the human races. It had 90 Caucasians from 

Utah, USA, 45 Chinese from Beijing, 45 Japanese from Tokyo and 90 Yoruba from 

Nigerian (Table 3-4). 

Table 3-3 The composition of subjects of Phase II Human Genome project 

Abbreviation Population description N=270 

CEU CEPH (Utah residents with ancestry from northern 

and western Europe) 

90 

CHB Han Chinese in Beijing, China 45 

JPT Japanese in Tokyo, Japan 45 

YRI Yoruba in Ibadan, Nigeria 90 

Over 310,000 SNPs (Consortium2007) had been typed and the genotypes of all 

of the 270 individuals could be viewed at the HapMap website. In this study we used 

the data of the Chinese and Japanese panels from the HapMap Phase II release 24. 

(HapMap Data Rel24/phaseII Nov08, on NCBI B36 assembly, dbSNP bl26). An 

example for the SNP rs6578617 was included in table 3.5 

http://hapmap.ncbi.nlm.nih.gov/cgi-perl/gbrowse/hapmap24_B36/ 

3.8. HapMap Lymphoblastoid Cell Lines 

DNA obtained from the HapMap lymphoblastoid cell lines were used in this 

study as the reference genotypes (Table 3-5). 
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Table 3- The genotype of SNP rs615672 of the Chinese and Japanese 

CHB-HapMap number rs615672 JPT-HapMap number rs615672 

NA18524 CC NA18943 CC 
NA18526 CC NA18945 CC 
NA18529 CC NA18952 CC 
NA18540 CC NA18965 CC 
NA18542 CC NA18967 CC 
NA18552 CC NA18971 CC 
NA18562 CC NA18973 CC 
NA18566 CC NA18976 CC 
NA18572 CC NA18980 CC 
NA18576 CC NA 18987 CC 
NA18577 CC NA18990 CC 
NA18582 CC NA18995 CC 
NA18594 CC NA18999 CC 
NA18608 CC NA19003 CC 
NA18609 CC NA19007 CC 
NA18620 CC NA18940 CG 
NA18621 CC NA18942 CG 
NA 18632 CC NA18944 CG 
NA18635 CC NAT 8949 CG 
NA18537 CG NA18951 CG 
NA 18550 CG NA18953 CG 
NA18555 CG NA18956 CG 
NA18558 CG NA18960 CG 
NA18561 CG NA18961 CG 
NA18563 CG NA18968 CG 
NA18564 CG NA18969 CG 
NA18570 CG NA 18970 CG 
NA18571 CG NA18974 CG 
NA18573 CG NA18981 CG 
NA18579 CG NA18992 CG 
NA18592 CG NA 18994 CG 
NA18593 CG NA18997 CG 
NA18603 CG NA19005 CG 
NA18605 CG NA18947 GG 
NA18611 CG NA18948 GG 
NA18612 CG NA18959 GG 
NA18622 CG NA 18964 GG 
NA18633 CG NA 18966 GG 
NA18636 CG NA18972 GG 
NA18637 CG NA18975 GG 
NA18532 GG NA18978 GG 
NA18545 GG NA18991 GG 
NA18547 GG NA18998 GG 
NA18623 GG NA19000 GG 
NA18624 GG NA19012 GG 
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3.9. Genotyping of candidate genes 

All PCRs were prepared by a Biomek-2000 (Beckman Coulter, Fullerton, CA, 

USA) robotic system and carried out under standard conditions. Genotyping for 

SNPs in the candidate genes was carried out by restriction fragment length 

polymorphism (RFLP) PGR or allele specific high resolution melting (HRM) PGR in 

the laboratory of the Department of Chemical Pathology. 

Tag SNPs that were identified among the candidate genes were genotyped in 

the whole sample set for the genetic association study. The total number of genotypes 

was 25 SNPs for the candidate loci. 

3.9.1. SNP genotyping with restriction fragment length polymorphism 

RFLP-PCR was performed with 25 ng genomic DNA, 25 pM sense and anti 

sense primers. PGR products were amplified by initial denature at 95 °C for 10 

minutes, followed by 35 cycles of 94t： for 30 s，60°C for 45 s, 72°C for 40 s, and a 

final extension at 72°C for 10 min (Bio-Rad, i-Cycler, Hercules, CA). The amplified 

fragments were digested with specific endonuclease (New England BioLabs, Beverly, 

US) overnight at 37 V (table 3.1). The fragments were resolved by electrophoresis in 

3% agarose G-10 (Blowest, Spain) and stained with ethidium bromide. Genotypes 

were visualized and stored in gel documentation system (Syngene, Cambridge, 

England). 

3.9.2. Primer design 

The software Primer Version 0.5 developed by the Whitehead Institute for 

Biomedical Research (Cambridge, MA, USA) was used to design all primers. The 

DNA sequence for each SNP was downloaded from the NCBI data base 
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rhttp://www.ncbi.nlm.nih.gov/pubmedA (Figure 3.1). DNA sequence from 120 bases 

upstream from the SNP and 120 bases downstream from the SNP was used for 

primer design. Primers generated from the program with annealing temperature 

around 58 to 62 and PGR product length of 200 bases pairs were selected for 

further process. A 14 base-pair 5’ GC leading sequence (5 ‘-gCgggCAgggCggC-3‘) 

with an additional restriction site for the restriction enzyme was added to the 5' end 

of the forward primer. The purpose of this tail was for quantity control during 

enzyme incubation. The PGR fragments sizes were deduced as show in Figure 3-1. 

Likewise, mismatch primers were also determined. 
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Figure 3-1 Schematic diagram to show the product sizes of rs2104286 cut by 

restriction enzyme Nde\ 

1. Part of the rs2104286 sequence extracted from NCBI database 
(http://www.ncbi.nlm.nih.gov/projects/SNP/snp—ref.cgi?rs=2104286) 

ATAGGAAATGTAAAAA 

(A/G) 

GTG 
GTCCACTGTGCTCCTGCCCTGGACAGGGAGGGCGGGGTC 

2. Targeted PCR product range to cover the restriction site |CATATCj 

(A/G) 

3. Addition of 14bp GC tail and an additional Ndel restriction site pATATq 

14bp Oligotaq ^delj 丨Forward primelj 
S'-gCgggCAgggCggCfcATATWGAGCGACATAGTCCTGATCCTTAAGAGACT 
CATAAGTTGGTGAGGAGGAGAAAGGCATAGATATAGTCATGGTAACACA 
AGTCATATdTGGTAAGATCTACTGAGCATGGGGCTATCAGAGAAAGCTTC 
ATGAGGGTGACATGGAAAGGGAGCCCTGAGGGACTGGTAAATTTCCATC 
ArTTGACATTCrAGGGAGAGAGriCCCdBEMftlCTtWtftftttttWtftWd-], 

PCR product size = 243bp 
Complete digestion by Ndel at 37�C would yield three fragments and a 16 bp tag 

Genotype: GG=227 
CG=89,137,227 
C089,137 

For incomplete digestion the 243 bp would appear on the agarose gel 
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3.9.3. PCR amplification and high resolution melting 

A 3 prime allele-specific high resolution melting (temperature shift, Tm) PCR 

was used (Figure 3.2.). Each PCR reaction contained two 3’ allele specific forward 

primers and a shared common reverse primer (Germer and Higuchil999; Wang et 

al.2005). A 14 bp 5，GC leading sequence (5‘-gCgggCAgggCggC-3') was added to 

one of the allele-specific primers, usually to the C or G, whereas a short 8 bp 5'GC 

sequence was added to the 5' leading end of the other primer, usually to the A, T or 

C-allele. The 6 bp differences between the two leading sequence would provide a 3 -

4°C difference in Tm between the allele-specific PCR products (Wang et al.2005). A 

common 22-30 reverse primer located at around 20 bp downstream from the SNP 

was used. A typical PCR product was around 70 bp with a melting temperature 

between 68-80�C (Figure 3-2). 
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Figure 3-2 Diagram to show the principle of high resolution melting 

A14 bases long GCtai l is added to C/G' end primer 

C C or G allele specific primer 
C/G 

5' 

bases short G C t a i l is added to A/T allele 3， 

3' A A allele specific primer 

AA 
5'-

Common reverse primer (CRP) 

3'-

Each PGR has 2 forward and 1 common reverse primers 

• CC or GG genotypes would be amplified with the long 14 GC-bp primer and 

only gave a single high temperature peak 

參 AA or TT genotypes would be amplified with the short 8 GC bp primer and 

only gave a single low temperature peak 

參 Two peaks would be formed when the genotype was heterozygous 
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Figure 3-3 A schematic diagram to show the primer design for high 

resolution melting 

1. SNP information was obtained from NCBl 

NCBI 

f Limits 丁 Preview/Index 丫 History 丫 Clipboard 丁 Details 
Display I Graphic STunmary ^ Show 20 V Sort By Send to V 

All： Cited in PubMed: Clinical/LSDB Submissions: 0 Human: s 
• 1 ： rs6684865 [Homo sapiens] 

GCTGTTGGTTTTTGATACCATTATCC[A/G]ATAAAAGAAGCCAGGGCTCCTTAGA 

HGVS Names： [ NM_035467.3:c. 155-25d6C>T] [ NT_004350.19:g.2024861G>A ] 

Display Graphic Summaiy v Show 20 v Sort By V Send to v 

2. DNA sequence was copied and saved as a txt file 
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3. Primer Version 0.5 was used to generate the primer sequence 
:\data\NELS0N-1\P rime r\PRIMER-4\PRIMER.EXE 
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4. Primer sequences were saved as the following file. 

jSelf I--Li-
pase primer 5'->3“ Tn GC% |any 3“ j any ； 
113 GTTGGTTTTTGftTflCCATTfiTCC 56.6 3S% j 5 it |12 1i 
167 CftTTTTTCTflflGGfllGCCCTGGCTTCT 66.7 H6% { 8 8 |11 

length: 55. GC match (any 

-THE — -ALU - | 
any 3• anp 3“j 
10 10 6 S I 

5. GC-tails were added to the forward primers. 

All primers were ordered from a local company TechDragon Ltd (Shatin, Hong 

Kong) 
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3.9.4. SNP genotyping with high resolution melting 

All PCRs were set up using the BIOMEK®2000 robotic system (Beckman 

Coulter, Fullerton, USA). For each 12.5 ]xL PGR reaction mixture contained 25 ng 

genomic DNA, 1 x TaqGold buffer, 0.4 nM of each dNTP, 0.2 X SyBR Green I 

(Invitrogen, Carlsbad, CA, US), 10% dimethyl sulfoxide (DMSO) (Sigma-Aldrich, 

Dorset, England), 0.6 unit of Ampli Taqgold polymerase (Applied Biosystem, CA, 

USA) and 1 to 2.5 mM magnesium chloride (MgCl:) in 1-2 pM forward or reverse 

primers (Jiang et al.2010; Tang et al.2010). 

PGR products were amplified by initial polymerase activation at 95°C for 15 

min, followed by 35 cycles at 95�C for 20 sec, 60�C for 1 min, 72°C for 30 sec and a 

final extension at 72°C for 10 min in a BioRad PGR machine with 384 block 

(Bio-Rad, i-Cycler, Hercules, CA ). Melting curve analysis was performed and 

analyzed with software VI.5 on LightCycler 480 Real-time PGR system (Roche 

Applied Science, Indianapolis, US). The melting curve data were collected by 

detecting the fluorescence intensity of the PGR products in a denaturation ramp from 

60�C-90�C at 0.5�C/s temperature increment. 

Primers for the HRM were designed by the program Primer 0.5 with allele 

specific 3'-end. The primers sequences, primer ratios, PGR conditions, PGR product 

sizes, and the genotype frequencies obtained from HapMap were presented in tables 

3-6 to 3-18. Atypical melting profile of genotype was included in Figure 3-4. 
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Figure 3-4 Melting profiles of genotypes for SNP rs2073838, using Roche 

LightCycIer® 480 
：纖 

The yellow peaks represent homozygous alleles [AA] with low melting 

temperature [Tm], the blue peaks represent homozygous alleles with high Tm 

[GG] and the red double peaks represent heterozygous alleles. 
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3.10. Statistical analysis for the association between 

genotype and rheumatoid arthritis 

In order to conceal the identity of subjects, data were coded and analyzed with 

Statistical Package for Social Science (SPSS) for windows, version 13.0 (Somers, 

New York, US). The genotypes were compared between RA and control groups by 

Cochran-Armitage test for trend with Microsoft Excel or Fisher exact test (Ahn et 

al.2007). The association between RA patients — controls and the three genotypes 

within each SNP were checked for Hardy-Weinberg equilibrium. A p-value greater 

than 0.05 was considered insignificant (Armitagel955; Cochran1954). Predisposing 

alleles were found at higher frequencies in the case group. OR, 95% CI, and 

Chi-square in the dominant allele genetic model and the recessive genotype model 

(Lettre et al.2007) were calculated with Statcalc, Epilnfo Version 6 (Dean et al.l994). 

Multivariate analysis was performed with categorical forward conditional 

binary logistic regression to analyze the predictive power of age, sex and each of the 

24 SNPs in the development of RA. A p-value smaller then 0.05 was considered 

significant 

Haplotypes were generated from genotypes of SNPs that are located within a 

genetic locus by an EM algorithm, Haploview v4.1. Haplotype specific risks were 

determined. Type I error due to multiple statistical testing were corrected by spectral 

decomposition (Nyholt2004). 

3.11. Gene to gene interaction 

In this study, a log-regression model was used to determine the gene-gene 

interactions between these loci. 
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Gene-gene interactions were examined by whole-genome association analysis toolset 

PUNK verl.O? (Purcell et al.2007). 

http://pngu.mgh.harvard.edu/~purcell/plink/index.shtml 

3.12. Anti-CCF antibodies determination 

Anti-CCP antibodies were determined with second generation enzyme-linked 

immunosorbent assay (ELISA), from Immunoscan CCPlus (Femandez-Suarez et 

al.2005; Liao et al.2011) (Euro-Diagnostica AB, Malmo, Sweden). 
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Chapter 4 Results 

4.1. Characteristics of the RA patients 

Six hundred RA patients are recruited, of whom 120 are men and 480 are 

women. 

For each RA patient, their haplotypes for the 24 SNPs are compared with two 

normal control subjects. The control cohort is in general 10 years older than the case 

cohort. 

The demographic and clinical data of the study participants are summarized in 

Table.4.1. The mean age is 58.3 士 12.2 years in men and 55.2 士 13.2 years in women. 

The RA onset age in men is 50.0 士 13.6 and 45.8 士 14.6 in women. Duration of the 

disease in men is 8.6 士 7.4 years and 9.8 士 9.0 years in women. 

RF, erosions on X ray, rheumatoid nodules and anti-CCP results are presented 

in Table 4.1 as percentage. The mean CRP level is 20.2 士 28.2 lU/mL in men and 

15.9 士 22.9 lU/mL in women. 

Eighty-two percent of the men are serum anti-CCP positive with mean value of 

7157 士 33934 U/mL and 82% of the women showed serum anti-CCP positive with 

mean value of 10498 士 43473 U/mL. eventy-one percent of the men are RF 

positive with mean RF level of 292 ±401 mg/L and 63.9 % of the women are RF 

positive with mean RF 267 ± 343 mg/L. Sixty-two percent men showed both 

anti-CCP+ and RF+ and 57 % women were both positive for anti-CCP and RF. 

ESR in men is 38.0 ± 30.3 mm/hour and 44.5 士 32.4 mm/hour in women. 

Bone erosion on X-ray is 66.3% in men and 65.6 % in women. Rheumatoid 

nodules among men in are 7.8 % and among women are 5.3%. The number of tender 

joints in men are 2.1 士 3.1 and in women are 2.5 士 3.7. The number of swollen joints 
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in men are 1.6 士 2.7 and in women are 1.7 士 2.6. DAS28 score among men are 3.2 士 

1.2 and among women are 3.4 ± 1.1. Present of a family history for RA among men 

is 4.2% and among 7.1% women. 

Physician global score among men are 4.6 士 2.3 and 5.0 士 2.3. Patient global 

score in men were 4.1 土 2.5 and 4.5 士 2.9 in women. 

Fifty-eight percent of the women are post-menopausal. Smokers and drinkers 

are predominately found in men. Sixty-seven percent of the men and 6.4% of the 

women were ever cigarette smokers. Forty-six percent of the men were ever alcohol 

drinkers and 8.2 % of the women were ever alcohol drinkers. 

Active RA disease status in men is 44.0% in men and 42.2% in women. 
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Table 4-1 Demographic data of the RA patients 

Total (n =600) Male (n二 120) Female (n—480) All (11=600) 

Age (years) 58.3 士 12.2 55.2 ±13.2 55.7 ± 13.0 

Onset age (years) 50.0 ± 13.6 45.8 ±14.6 46.6 ±14.5 

Duration of RA (years) 8.6 士 7.4 9.8 士 9.0 9.0 ±8.5 

anti-CCP+ (%) 84.2 82.0 82.2 

anti-CCPU/mL 7157 ±33934 10498 ±4347 9825 ±41714 

Log anti-CCP 2.93 ± 0.71 2.81 士 0.81 2.83 ± 0.79 

RF 十(o/o) 71.3 63.9 65.4 

RF (mg/L) 292 ± 401 267士343 275.6 士 358 

anti-CCP^ and CRP+(o/o) 62.4 57.7 58,6 

CRP (lU/mL) 20.2 ± 28.2 15.9±22.9 16.6 士 24.0 

ESR (mm/hour) 38.0 ±30.3 44.5±32.4 43.2 土 32.0 

Erosion on X-ray (%) 63.2 62.7 62.8 

Rheumatoid Nodule + (%) 7.8 5.3 5.8 

Physician global score 4.6 ±2.3 5.0 ±2.3 4.9 士 2.3 

Patient global score 4.1 ±2.5 4.5 士 2.9 4.4 ±2.8 

Tender Joints 2.1 ±3.1 2.5 ±3.7 2.4 ±3.6 

Swollen Joints 1.6 ±2.7 1.7 ±2.6 1.7 士 2.6 

DAS28 3.2 ± 1.2 3.4±1.1 2.9 ± 1.4 

Active RA(o/o)i 44.0 42.2 42.6 

Family history for RA (%) 4.2 7.1 6.5 

Post-menopausal - 58,% -

Ever smoker (%) 67.0 6.4 18.8 

Ever alcohol drinker (%) 46.0 8.2 16.0 

Data are presented as mean 士 SD for continous variables, and frequency (percentage) 

for categorical variables. 

1 Active RA:RA>2.4 
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4.2. Genetic risk for rheumatoid arthritis 

The -log p-values obtained using the Cochran-Armitage trend test are plotted 

against chromosomal number for the increased risk of RA for the 24 SNPs (Figure 

4-1). Increased risk for RA is associated with polymorphisms in seven SNPs. Three 

SNPs are associated with increased risk of RA for the whole group of patients, 

HLA-DRBl (p for trend = 1.8 x 10"̂ ), HLA-DQAl (p for trend = 2.0 x lO"̂ )̂, and 

STAT4 (p for trend = 3.9 x IQ-̂ ). One SNP PADI-4-92 (p for trend = 0.005) increased 

the risk of RA in men only, whereas TNFA1P2 (p for trend = 0.024)， 

MMEL1-TNFRSF14 (p for trend = 3.3 x l O � a n d rsl 1761231 (p for trend = 1.7 x 

10—4) are associated with increased risk for RA in women only. 

The -log p-values obtained using odds ratios are presented in the dominant 

genetic model (Figure 4-2). In the dominant model the polymorphisms in STAT4 (OR 

二 0.48，95 % CI = 0.38 - 0.61, p-value = 9.8 x lO]。）and HLA-DQAl (OR = 0.35, 95 

% CI 二 0.25 - 0.48, p-value < 1.0 x 10'̂ ) are associated with increased risk for RA 

for the whole group of patients. PADI-4-94 (OR = 2.16, 95 % CI = 1.28 - 3.66, 

p-value = 0.002) and ANAPC4 (OR = 0.59, 95% CI = 0.37 - 0.94, p-value = 0.02) 

are associated with RA in men only, whereas TNFA1P2 (OR = 1.36, 95% CI = 1.05-

1.77, p-value = 0.016), MMEL1-TNFRSF14 (OR = 0.48, 95% CI 二 0.34 - 0.67, 

p-value = 9.6 x 10"̂ ), SLC22A4 (OR = 1.28, 95 % CI = 1.00- 1.64, p-value = 0.043), 

and rsll761231 OR 二 0.52, 95 % CI = 0.38 - 0.71, p-value = 2.4 x 10'̂ ) are 

associated with RA in women only. 

In the recessive model (Figure 4-3) the polymorphism in HLA-DRBl (OR = 1.8, 

95 % CI = 1.34- 2.44, p-value = 5.7 x l O j and HLA-DQAl (OR = 2.17, 95 % CI -

1.71- 2.72, p-value < 1.0 x lO.?) are associated with risk for RA in both men and 

women. STAT4 (OR = 2.38, 95 % CI = 1.28 — 4.41, p-value = 2.8 x 10"̂ ), ANAPC4 
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(OR 二 0.29, 95 % CI = 0.09 — 0.90, p-value = 0.017), and SLC22A4 (OR = 2.18, 95 

% CI = 1.04 — 4.58, p-value = 0.024) are associated with the risk for RA in men only, 

whereas CTLA-4 (OR = 2.01, 95 % CI = 1.03 - 3.97, p-value = 0.027), TNFA1P2 

(OR = 0.67, 95 % CI = 0.45 - 1.01，p-value = 0.044)，TNFAIPS (OR = 0.68, 95 % CI 

=0.49 - 0.94, p-value = 0.015) and IL2RA (OR = 0.42, 95 % CI = 0.17 - 0.99， 

p-value 二 0.030) are associated with the risk for RA in woman only. 

In summary, the increased risk for RA was associated with: 

In the whole cohort: STAT4, HLA-DRB]and HLA-DQAl 

In men only: PADI-4, mdANAPC4. 

In women only: TNF loci {MMEL1-TNFRSF14, TNFA1P2, TNFA1P3), 

CTLA-4, SLC22A4, IL2RA and rsl 11761231. 
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4.2.1. Association of Major Histocompatibility Complex, Class II，DR beta 1 

and Major Histocompatibility Complex, Class II，DQ alpha 1 

The genotype frequencies for the two MHC SNPS are shown in Table 4-2. 

Genotypic frequencies of the two MHC SNPs followed HWE (p>0.05). The GG 

minor allele frequency of rs615672 in HLA-DRBl was significantly higher in the 

case patients then in the normal controls (20% versus 12%; p for trend =1.8x10.4). 

Upon subgroup analysis, these associations are retained in both RA men and women, 

(p for trend = 3.9 x 10'̂  and 6.6 x 10'̂ , respectively). In the dominant model the 

G-allele was a risk allele (OR = 1.30, 95 % CI: 1.03-1.63, p-value = 0.021) and when 

analyzed in a recessive model, RA patients carrying the GG genotype showed an 

increase in risk for RA (OR = 1.80; 95% CI: 1.34 - 2.44; p-value = 5.7 x The 

increased risk for RA in men was 2.42 (OR = 2.42; 95% CI: 1.31 - 4.47; p-value = 

2.0 X 10-3) in a recessive model, and in women it was 1.64 (OR=l .64, 95% CI: 

1.15-2.33; p-value = 3.9 x 10"̂ ). 

The TT minor allele frequency of rs6457617 in HLA-DQAl was significantly 

higher in the case patients then in the normal controls (44% versus 27%; p for trend 

=2.0 X 10.16), and when analyzed in a dominant model, the T-allele in RA patients 

showed a increase in risk for RA (OR = 2.89, 95% CI: 2.08 - 4.02; p-value < 1.0 x 

10-7). In a recessive model the TT genotype showed an increase in risk for RA (OR = 

2.17, 95% CI: 1.71 - 2.72; p-value < 1.0 x 10"̂ ). Upon subgroup analysis both male 

and female RA patients showed an increased TT minor allele frequency (p for trend = 

in 

4.0 X 10", 1.5 X 10' , respectively). In a recessive model, the TT-alleles showed an 

increased risk for RA in both male and female RA patients (OR = 2.51, 95% CI: 1.53 

-4.12; p-value = 9.7 x lO—�； OR = 2.05, 95 % CI: 1.58 - 2.69; p-value = 1.0 x 10 ^ 

respectively). The dominant model showed an increase in risk for RA when 
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compared to controls (OR = 5.08, 95% CI: 2.25 - 11.89; p = 7.6 x 10"̂ ) in males and 

(OR = 2.45, 95% CI: 1.69 - 3.55; p = 5.0 x 10"̂ ) in females. 
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Figure 4-5 The frequencies of the haplotypes of the study samples 

Block 1 

—CM 

CC 
CT .315 
GC .213 
GT .127 

Table 4-3 The Haploview p values of rs615672 and rs6457617 

Name Assoc Case, Control Ratio Case, Control 
Allele Counts Frequencies Chi square P value 

1 rs615672 G 
2rs6457617C 

477:625,496:1264 
764:376, 825:879 

0.433, 0.282 
0.670, 0.484 

68.889 
95.865 

1.04x10' 
1.23x10 -22 

88 

4.2.1.1. The linkage disequilibrium plot of rs615672 and rs6457617 

The LD plot of rs615672 and rs6457617 was constructed by Haploview. No 

association was found between these two SNPs where D' equal to 15 (Figure 4-4). 

Figure 4-4 The LD plot between rs615672 and rs6457017 
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Table 4-4 The p-values for 10,000 permutation tests 

#10000 permutations performed. 
Name Chi Square Permutation p-value 
rs615672 68.889 O.OOE+00 
rs6457617 95.865 O.OOE+00 
Block 1: CT 85.009 O.OOE+00 
Block 1:GC 111.181 O.OOE+00 
Block 1: GT 2.103 0.3956 
Block 1: CC 0.884 0.7187 
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4.2.2. Association of Solute Carrier Family 22 and Interleukin-13 

The genotype frequencies for the two SNPS rs2073838 and rsl800925 are 

presented in Table 4-5. Genotypic frequencies of the two SNPs followed HWE (p > 

0.05). There are no statistical significance for the genotype AA-allele in RA patients 

in rs2073838, but there was an increase in percentage of AA minor allele genotype in 

male RA patients (14% versus 7%, p for trend = NS), and in a recessive model the 

minor AA allele showed an increased risk of two-fold in male RA patients (OR = 

2.18, 95 % CI: 1.10 - 4.35; p-value = 0.024). However, in the dominant model a 

small decrease in risk is observed with the AA alleles in female RA patients (OR = 

0.78, 95% CI: 0.61 -1.00; p-value = 0.043). 

No genetic associations are found for rsl800925 in RA patients when compared 

to controls. The minor TT allele frequency of rsl 800925 was similar in the case 

patients and in the normal controls (Table 4-5). 
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4.2.3. Association of Tumour necrosis factor pathway 

Genotypic frequencies of the four SNPs TNFA1P2, TNFA1P3, 

MMELI-TNFRSFl 4 and rs17066662 from the TNF pathway are presented in Table 

4-6. Genotypic frequencies of the four SNPs followed HWE (p > 0.05). The AA 

minor allele frequency of rs2771369 in TNFA1P2 was significantly lower in the case 

patients then in the normal controls (10% versus 14%; p for trend = 0.024). Upon 

subgroup analysis, this association is only seen in female RA patients (p for trend = 

0.0064). In a dominant genetic model there was a small decrease for the risk of RA in 

the AA genotype (OR = 0.74, 95 % CI: 0.57-0.95; p = 0.016) and when analyzed in a 

recessive model, RA patients show that the minor AA genotype was a protective 

allele (OR = 0.67, 95 % CI: 0.45-1.01; p-value = 0.044). 

No association is found in rs3761847 in TNFA1P3 for RA patients. However, 

upon subgroup analysis, the minor GG genotype in the recessive model reduces the 

risk for RA in female patients (OR=0.68, 95% CI: 0.49-0.94; p-value=0.015). 

In the MMELI-TNFRSFl4 loci, the AA minor allele frequency of rs6684865 is 

significantly higher in the case patients then in the normal controls (23% versus 20%; 

p for trend = 0.005). Upon subgroup analysis, this association is only seen in female 

RA patients (p for trend = 3.3 x lO—̂ ). In a dominant genetic model, the A allele 

shows a two fold increase for the risk of RA (OR = 2.11, 95 % CI: 1.49-2.98; p = 9.6 

X 10-6. The frequency of the GG genotype in the male control (25%) is lower than 

female controls (35%). However, no statistical difference in the genotype frequency 

between the male and female controls is observed (p=NS). 

There are no genetic associations in rs17066662. The percentage of the rare 

minor TT genotype was similar in both RA patients and normal controls. Upon 

subgroup analysis, no associations are observed between RA patients and normal 
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controls in both dominant and recessive genetic models. 

These results showed there was an association between RA in female patients in 

the TNF pathway. 
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4.2.4. Association of Interleukin-2 receptor beta and interleukin-2 receptor 

gamma 

The genotype frequencies in rs2104286 in IL-2RA and rs743777 in IL-2RB are 

presented in Table 4-7. Genotypic frequencies of the two SNPs followed HWE 

(p>0.05). The GG minor allele frequency of rs2104286 in IL-2RA is similar in both 

RA patients and normal controls (p for trend > 0.05). Upon subgroup analysis, a 

small statistical association is found in a recessive genetic model. There is a small 

decrease in risk of RA for GG minor genotype in woman RA patients (OR = 0.42，95 

% CI: 0.17 - 0.99; p-value = 0.030). 

No genetic association is found among RA patients and controls in rs743777 in 

IL-2RB. RA patients are sub-grouped according to sex and both dominant and 

recessive genetic models yielded negative results. 
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4.2.5. Association of Cytotoxic T lymphatic Antigen 4 

The genotype frequencies of rs3087243 and rsl0497873 in CTLA-4 are 

presented in Table 4-8. Genotypic frequencies of the two SNPs followed HWE (p > 

0.05). The frequencies of the minor AA allele in rs307243 are similar to that of the 

controls (p for trend > 0.05), No statistical associations are found in both dominant 

and recessive genetic models. 

The allele frequencies in rs10497873 are similar in both RA cases and normal 

controls (GG (67 %), GT (27 %), TT (6 %) in RA patients versus GG (64 %), GT 

(33%), TT (3 %) in controls, p for trend >0.05). Genotypic frequencies of the SNPs 

followed HWE (p> 0.05). A recessive genetic model shows the genotype TT 

increased the risk of RA (OR = 1.98, 95% CI: 1.14 - 3.44: p value = 0.009). Upon 

subgroup analysis by sex, it revealed that such association is only found in female 

RA patients (OR = 2.01, 95% CI: 1.03 - 3.97: p-value = 0.027). 
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4.2.6. Association of Peptidylarginine Deiminase 4 

The genotype frequencies for rs874881 in PADI-4-92 and rs2240340 in 

PADI-4-94 are presented in Table 4-9. Genotypic frequencies of the two SNPs 

followed HWE (p > 0.05). Risk for RA is not associated with polymorphisms in 

PADI-4 (p for trend > 0.05). Upon subgroup analysis, the major GG genotype was 

significantly higher in the male RA cases then normal controls in rs2240340 (p for 

trend = 0.005). The frequency of the GG genotype in the male controls (19%) is 

lower than in female controls (35%) (p for trend = 3.4 x 10'^). 

In a dominant model, the A allele genotype of the rs2240340 revealed there is a 

2-fold increase in the risk for RA in male subjects (OR = 2.16, 95 % CI: 1.28 - 3.66: 

p-value = 0.002). 
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4.2.7. Association of Granzyme 

The genotype frequencies of rs854350 in GZEB are presented in Table 4-10. 

The allele frequencies in rs854350 in GZEB are similar in both RA cases and normal 

controls {GG (33%), GC (48%), CC (19%) in RA patients versus GG (34%), GC 

(46%), CC (20%) in controls, p for trend >0.05}. Both dominant and recessive 

genetic models yielded negative associations. 

4.2.8. Association of Signal Transducer and Activator of Transcription 4 

The genotype frequencies of rs7574865 in STAT4 are presented in Table 4-10. 

Genotypic frequencies of the SNP followed HWE (p > 0.05). The TT minor allele 

frequency is significantly higher in the case patients then in the normal controls (19% 

versus 13%; p for trend = 3.9 x 10'^). Upon subgroup analysis, these associations are 

retained in both RA men and women, (p for trend = 3.6 x 10'^ and 2.0 x 10'^, 

respectively). In a dominant genetic model, the major T allele shows a two fold 

increase for RA risk (OR = 2.08，95 % CI: 1.63 - 2.66; p-value < 1.0 x ICT?). 

Subgroup analysis reveals that this effect is retained in both male and female RA 

patients (OR = 3.51, 95 % CI: 1.92 - 6.49; p = 8.2 x 10.6, and OR = 1.87，95% CI: 

1.42 - 2.47; p = 3.7 X 10'^ respectively). When analyzed in a recessive genetic 

model, the minor TT genotype increases the risk of RA (OR = 2.38，95 % CI: 1.28 -

4.41; p = 2 . 8 x 10-3 in men and OR =1 .41 , 95 % CI: 0.98 - 2.03; p > 0.05 in women). 
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4.2.9. Association of Protein kinase C theta 

The genotype frequencies in rs4750316 are presented in Table 4-11. Genotypic 

frequencies of the SNP followed HWE (p > 0.05). The CC minor allele frequency is 

similar in both case patients and in the normal controls (p for trend > 0.05). No 

associations are found in both dominant and recessive genetic models. Upon 

subgroup analysis, an increase risk for RA in men is noted, but it is statistically 

insignificant (OR = 2.68, 95 % CI: 0.43 - 16.92; p-value = NS). 

4.2.10. Association of Kazal type serine protease inhibitor domain 

The genotype frequencies for SNP rs10786617 are presented in Table 4-11. 

Genotypic frequencies of the SNP follow HWE (p > 0.05). The TT minor allele 

frequency is similar in both case patients and in the normal controls (p for trend > 

0.05). No associations are found in both dominant and recessive genetic models. 
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4.2.11. Association of Chemokine (C-C motif) Receptor 6 

The genotype frequencies for SNP rs3093024 are shown in Table 4-12. 

Genotypic frequencies of the SNPs followed HWE (p > 0.05). There are no 

statistically significant difference between RA patients and normal controls. No 

associations are found in the dominant and recessive genetic models. 

4.2.12. Association of T-Cell Receptor alpha 

The genotype frequencies for SNP rsl l54155 are shown in Table 4-12. 

Genotypic frequencies of the SNPs followed HWE (p > 0.05). The minor TT 

genotype frequency is similar in both RA patients and normal (p for trend > 0.05). 

There are no statistically significant differences between RA patients and normal 

controls. No associations are foimd in the dominant and recessive genetic models. 
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4.2.13. Association of Anaphase- promoting complex 4 

The genotype frequencies for SNP rs3816587 in ANAPC4 are presented in Table 

4-13. Genotypic frequencies of the SNPs followed HWE (p > 0.05). The minor TT 

genotype frequency is similar in both RA patients and in normal controls (p for trend 

> 0.05). No associations are found even after subgroup analysis by sex. In a 

dominant genetic model it shows that the T allele increase the risk for RA (OR = 1.32, 

95 % CI; 1.06 - 1.65; p = 0.012)，but in the recessive genetic model, the TT genotype 

also reduced the risk for RA (OR = 0.65, 95% CI: 0.43 - 0.96; p = 0.029). 
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4.2.14. Association of SNPs rslll62922 and rsl937506 

The genotype frequencies for SNPs rsl 1162922 and rs1937506 are shown in 

Table 4-14. Genotypic frequencies of the SNPs followed HWE (p > 0.05). There are 

no statistically significant differences between RA patients and normal controls. No 

associations are found in the dominant and recessive genetic models. 
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4.2.15. Association of SNP rsll761231 

The genotype frequencies of rs11761231 are shown in Table 4-15. Genotypic 

frequencies of the SNP followed HWE (p > 0.05). There is a small decrease in the 

major TT genotype among RA patients from 78 % in controls to 72 % in RA subjects 

(p for trend = 8.5 x 10'^). Subgroup analysis showed this association was only found 

among female RA patients (83 % versus 73 %; control vs. RA, respectively; p for 

trend = 1.7 x lO ) . In a dominant genetic model that the C allele increases risk for 

RA among female patients (OR = 1.93，95 % CI: 1.40 - 2.66; p = 2.4 x 10" )̂. 
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4.2.16. Association of Protein Tyrosine Phosphatase, non-receptor type 22 

Two sets of primers are used to determine the role of rs2476601 (PTPN22 gene) 

in Chinese RA patients, the forward primer set with A or G at the 3 prime ends 

produced no PGR products. The primers set with C or T at their 3 prime position 

showed a single melting peak at the lower temperature which was assigned as T. 

These results suggested that the SNP rs2476601 was not polymorphic in Chinese and 

the allele for this SNP in Chinese was a "T" allele. 
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4.2.17 Logistic regression analysis 

Logistic regression was performed to study the relative importance of of the 

following factors in determining RA: age, sex and the 24 SNPs. 

The results of multiple regression, regression coefficients, SE, significant and 

OR are shown in tables 4-16. 

RA disease was used as the independent variable, with age, sex，and the 24 

SNPs as the dependent variables. 

Age, sex, T allele in STAT4 and C allele ANAP4 were significantly negatively 

associated with RA, and CC genotype in HLA-DQAl positively associated with RA. 
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4.3. Gene to gene interaction 

We found that DRBl allele interacted with DQAl (p = 0.0075), PADI-4-92 

(p二0.0072)，PADI-4-94 (p = 0.0094) and IL2RB (p = 4.22 x 10" )̂ in predisposition to 

RA Table 4-17. 

In addition to the 3 interactions by HLA-DRB loci, three other interactions are 

also established. They are SLC22A4 and ANAPC4 (p = 0.0039), IL13 and CTLA-4 (p 

=0.0036)，and MMEL1-TNFRSF14 and TRA-alpha (p = 7 . 1 6 x lO"^ )̂. The 3 x 3 

gene-gene interaction data are presented in Figures 4-6 to 4-13. 
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Figure 4-9 The gene-gene interaction between HLA-DRBland PAD-I-4-94 

TT 

.5 

二
 

6
 

G
 

0 

1
 

8
S
C
/
0
2
S
J
 

Case aiseB 
Control p i 

Casetp 
Control p r 

二
 

S
S
I
-G

 



rs3087243 
Control(O.OI) Case(0.02) 

Control 

Control 

Conlrol(0.27) Case(0 24) 
r53087243 

ntrol(0.05) Case(0.09) 
rs3087243 

Control(O I I ) Case(0.11) 

rs3087243 
Control(0.24) Case(0.42) ControJ(0.15) Case{0.21) 

3 Control(0.67) Case(0.72) 
rs3087243 

Control(0.02) Case(0.03) 

r53087243 
Control(002) Case(0.01) 

Control 

rs3087243 
Control(O.OI) Case(0,01) 

IMBIi CasejBi 
taH Control ! • 

rs3087243 
Conlro!(0.37) Case{0.54) 

fs3087243 
Control(02) Case{0.32) 

rs3087243 
Control(O) Case(O) 

ControJ 

rs3087243 
Control(0.03) Case(0.06) 

Contfol{0.03) Case(0.02) 

0 0.5 1 
Control(%0) Case(603) 

125 

Figure 4-9 The gene-gene interaction between HLA-DRBland PAD-I-4-94 
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4.4. Association of serum biomarkers and rheumatoid 

arthritis 

4.4.1. Bone erosion in RA patients with and without anti-citrullinated 

protein antibodies positive antibody 

There was no association between bone erosion and anti-CCP status in RA 

patients (Table 4-18, p=NS). Upon sub-group analysis, a statistical difference was 

found among in female bone eosion + and female bone erosion - group (p=0.0027). 

There were no statistical differences in male bone erosion + and female bone erosion 

+ groups (p=ns), or male bone erosion - and female boner erosion - groups (p=NS). 
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4.4.2.1. Genetic association in RA patients with and without bone erosion 

The -log p-values for the genetic association in the 24 studied SNPs in the two 

groups of RA patients with and without bone erosion is presented in Figure 4-14. 

Bone erosion was associated with the GG-allele in HLA-DRBl loci in female 

RA patients (p = 0.037). 

4.4.2.2. Genetic association in RA patients with bone erosion and normal 

controls 

The -log p-values for the genetic association in RA patients with bone erosion 

and normal controls are presented in Figure 4-15. Risk of RA is associated with 

polymorphisms in STAT4, HLA-DRBl, HLA-DQAland GZEB loci (p > 0.05). Upon 

subgroup analysis risk of bone erosion associated with polymorphism in 

MMEL1-TNFRSF14, TNFA1P3, rs l l l761231 and TNFA1P2 are associated in female 

RA patients and PADI-4-94 is associated in male RA patients. 

4.4.2.3. Genetic association in RA patients without bone erosion and normal 

controls 

The -log p-value for the genetic association of RA patients without bone erosion 

and normal controls is presented in Figure 4-16. Risk of bone erosion is associated 

with polymorphism in STAT4, and HLA-DQAl loci (p > 0.05). Upon subgroup 

analysis MMEL1-TNFRSF14, rsl 7066662, rs l l l761231 and TNFA1P2 are 

associated with risk of bone erosion in female RA patients and HLA-DRBl and 

TNFA1P3 are associated with risk of bone erosion in male RA patients. 
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4.4.3. Genetic association of bone erosion and SNP10786617 Kazal t ype 

ser ine p r o t e a s e inhib i tor d o m a i n 

The interactions of bone erosion and SNP rs10786617，KAZALDI are studied. 

The results are presented in Table 4-19. KAZALDI (rs 10786617) is not associated 

with bone erosions, There are no statistical differences in genotype frequencies 

between bone erosion and non-bone erosion subgroups (P for trend > 0.05) among 

male or female RA patients. There are no associations between RA patients with 

bone erosion to control subjects or RA patients with non bone erosion to control 

subjects (p for trend > 0.05). 
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4.4.4. Genetic association of bone erosion and HLA-DRBl 

Table 4-20 shows the genotype frequencies of HLA-DRBl. Genotypic 

frequencies of the SNP followed HWE (p > 0.05). The minor GG genotype 

frequency is similar in both groups of RA patients with and without bone erosion (p 

for trend > 0.05). However, upon subgroup analysis, the minor GG genotype 

frequency is significant higher in female RA patients with bone erosion then those 

without bone erosion (p for trend = 0.037). The minor GG genotype is significantly 

higher in the RA patients with bone erosion then normal controls (p for trend = 4.98 

X 10-5). upon subgroup analysis, there are statistical differences between RA patients 

with bone erosion and normal controls in men (p for trend = 0.016) and women (p 

for trend = 0.001). No statistical association is found between the non-bone erosion 

female RA patients and normal controls (p for trend > 0.05), and a small statistical 

association is noted in RA men with bone erosion and normal controls (p for trend = 

0.022). 

In the dominant genetic model, the G allele is a risk allele for bone erosion 

compared to normal controls (OR = 1.48，95 % CI: 1.11 一 1.98; p-value = 0.005). 

Subgroup analysis shows this effect only exists in female RA patients with bone 

erosion when compared to normal controls (OR = 1.45, 95% CI: 1.04 — 2.06; p-value 

=0.021). 

In the recessive genetic model, the GG genotype shows a two-fold increase in 

risk for bone erosion in RA patients and normal controls (OR = 1.99, 95% CI: 

1.40-2.82; p = 5.78 x 10" )̂. Upon subgroup analysis, this risk is retained in both male 

RA bone erosion patients (OR = 2.28, 95 % CI: 1.08 - 4.77; p-value = 0.0168) and 

female RA bone erosion patients (OR = 1.88, 95 % CI: 1.25 - 2.83; p-value = 0.001). 

No association is found among non bone erosion RA patients to controls. 
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4.4.4. Genetic association of bone erosion and HLA-DRBl 

Table 4-21 shows the genotype frequencies of HLA-DQAl. Genotypic 

frequencies of the SNP follow HWE (p > 0.05). The minor TT genotype frequency in 

HLA-DQAl loci is similar in both RA patient groups that with and without bone 

erosion (p for trend > 0.05). The minor TT genotype frequency was higher in RA 

patients with or without bone erosion then normal controls (p for trend = 1.15 x 1 0 ' , 

and 7.35 x 10"̂ , respectively). 

No statistical associations are found in either dominant or recessive genetic 

models between bone erosion RA and normal controls. HLA-DQAl did not 

contribute to bone erosion in RA patients. 
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4.4.6. Association of serum anti-CCP status and SNP genotypes 

In order to deduce the genetic association of serum anti-CCP in RA patients 

within the 24 studied loci, the RA patients are sub-grouped into those with serum 

anti-CCP antibody (anti-CCP+) and those without serum anti-CCP antibody 

(anti-CCP-). Three statistical tests are included: anti-CCP+ versus anti-CCP- RA 

patients; anti-CCP+ RA patients versus normal controls; and anti-CCP- RA patients 

versus normal controls. The -log p-values for these genetic associations are presented 

in Figures 4-17 to 4-19. 
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4.4.6. Association of serum anti-CCP status and SNP genotypes 

The anti-CCP antibody in RA patients was associated with the genetic 

polymorphism frequencies with rs615672 in HLA-DRBl (p for trend test < 0.050), in 

Table 4-22 and with rs6457617 in HLA-DQAl (p for trend test < 0.050) in Table 

4-23. 

Table 4-22 showed that the genetic frequency of the minor GG allele with 

rs615672 in HLA-DRBl was higher in anti-CCP positive RA men then in normal 

controls (p for trend = 0.043). The genetic frequencies of the minor GG genotype in 

anti-CCP positive RA patients are higher than the normal controls (20% versus 12 %, 

p for trend = 1.15 x 10" )̂. Upon subgroup analysis, both male and female RA patients 

with anti-CCP showed higher frequencies of GG genotype in RA case than normal 

controls (p for trend = 0.0007 and 0.0089, respectively). 

In a dominant model, the genetic frequency of the major G allele in HLA-DRBl 

reduced the risk for anti-CCP in anti-CCP positive RA patients compared to anti-CCP 

negative RA patients (OR = 1.68, 95% CI: 1.03 - 2.76; p- value = 0.027). Upon 

subgroup analysis, this association was not found in either men or women anti-CCP 

positive and normal controls (p for trend > 0.05). 
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Table 4-23 shows the genetic frequency of the minor TT genotype with 

rs6457617 in HLA-DQAl was higher in anti-CCP positive RA women then in normal 

controls (p for trend = 9.0 x 10-4). Upon subgroup analysis, this effect is retained 

only in the anti-CCP positive RA women when compared to anti-CCP negative RA 

women (p for trend = 1.9 x 10'^). Genotypic frequencies of the SNP followed HWE 

(p > 0.05). In the dominant genetic model, the T allele increases risk for anti-CCP 

positive status (OR = 2.98，95% CI: 1.47-6.02; p value = 4.15 x 10-4). Upon 

subgroup analysis, this effect was retained only in the anti-CCP positive RA women 

when compared to normal controls (OR = 0.34, 95 % CI: 0.17 - 0.68; p value = 7.4 x 

10—4). In the recessive model, the minor TT genotype increased the risk for anti-CCP 

positive status in women RA patient (OR = 1.71，95 % CI: 0.98 - 3.01; p = 4.5 x 

10-2). 

Compared to the normal controls, the frequencies of the minor TT genotype in 

HLA-DQAl was higher in RA patients with anti-CCP (p for trend = 2.0 x 10''^). 

Upon subgroup analysis this association was retained in both male and female 

anti-CCP positive RA subgroups when compared with normal controls (p for trend = 

2.8 X 10-7 and 1.5 x respectively). The genetic frequencies for the minor TT 

genotypes with HLA-DQAl in anti-CCP negative RA are similar to the normal 

controls (p for trend > 0.05). In the dominant genetic model, the frequency of the T 

allele in HLA-DQAl increases the risk of anti-CCP status in RA patients when 

compared with control (OR = 3.59, 95% CI: 2.41 - 5.35; p-value < 1.0 x l O � U p o n 

subgroup analysis, this association was retained in both male and female anti-CCP 

antibody positive RA patients when compared to normal controls (OR = 6.19，95% 

CI: 2.29 - 18.12; p-value = 2.5 x 10"^ OR = 3.05, 95 % CI: 1.96-4.76; p-value = 1.0 

X 10-7 respectively). In the recessive model, the TT genotype increased the risk for 
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anti-CCP positive status to over two-fold when compared to normal controls (OR = 

2.28，95% CI: 1.77 - 2.94; p < 1.0 x lO'?). Upon subgroup analysis, this risk was 

retained in both male and female subgroups (OR = 2.98, 95 % CI: 1.73 - 5.14; p = 

2.1 X 10—5 and OR = 2.09, 95 % CI: 1.56 - 2.80; p = 3.0 x 1 (T?respectively). 
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4.4.6. Association of serum anti-CCP status and SNP genotypes 

The genotype frequencies of TNFA1P2, TNFA1P3, MMEL1-TNFRSF14 and 

rs 17066662 are similar in anti-CCP positive or anti-CCP negative status RA patients 

(p for trend > 0.05). Upon subgroup analysis, the genotype frequencies of the risk 

GG genotype in rs2771369 {TNFA1P2) (Table 4-24) and the risk AA genotype in 

rs6684865 {MMEL1-TNFRSF14) (Table 4-25) are higher among anti-CCP positive 

RA patients when compared to normal controls (p for trend = 0.0006 and 0.008, 

respectively). These associations are only found in female RA patients. In the 

dominant model the A allele in rs2771369 reduce risk for RA (OR=0.73, 95% CI: 

0.55 - 0.97; p = 0.025). In a recessive model, the AA genotype is a protective 

genotype (OR = 0.40, 95 % CI: 0.23 - 0.67; p = 0.0002). In the dominant model, the 

A allele among anti-CCP positive RA patients in rs6686865 increased risk for RA 

when it is compared to normal controls (OR = 1.90, 95% CI: 1.32-2.76; p = 0.0003) 

and the anti-CCP negative subgroup reduced risk for RA (OR = 2.29, 95% CI: 1.17-

4.51; p = 0.0086). 

The genotypic frequencies of polymorphism in TNFA1P3 (rs3761847) and 

rsl 7066662 did not show any association with anti-CCP status (data not shown). No 

associations are found in the dominant or the recessive genetic models. 
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4.4.7. Genetic association of rheumatoid factor status and genotypes 

The RA patients are sub-grouped into those with RF and those without RF. The 

genotype of the 24 SNPs in the two groups of RA patients are compared to each 

other (Figure 4-20) and to normal controls (Figures 4-21 to 4-22). 

Significant associations are found in four SNPs. They are MMELI TNFSFl4 in 

females only, ANAPC4 and rs 1937506 in males only, SLC22A4 in all patients . 

However, upon subgroup analysis by sex, the association of serum RF status in 

SLC22A4 polymorphism was removed. 

There are nine SNPs associated with serum RF positive status when compared 

with normal controls (p > 0.05: Figure 4-21) and nine SNPs associated with negative 

RF status when compared with normal controls (p > 0.05: Figure 4-22). 
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There are no significant associations between genetic polymorphisms and RF 

status in TNFA1P2 (Table 4-26), TNFAIP (Table 4-27) and MMELI-TNFRSF14 

(Table 4-28). Upon subgroup analysis, a modest association {p for trend = 0.001) was 

found between RF positive RA female patients and the polymorphism in 

MMELI-TNFRSF14 loci. Both RF+ RA and RF- RA patients are found to be 

significantly different from the normal controls (p for trend = 0.046, and 3.01 x 10"^ 

respectively). In a dominant genetic model, the A allele increased risk for RF (OR = 

1.83, 95% CI: 1.23-2.72, p = 0.0015 and OR=2.50, 95% CI: 1.50-4.20, p=0.00016, 

respectively). 
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4.4.8. Cigarette smoking 

There are no statistically significant differences in genotype frequencies 

between smoker RA patients and non-smoker RA patents (Figure 4-23) in the 24 loci 

except in rs 17066662, which is a TNF tagged SNP. 

Figure 4-24 shows the genotype frequencies in the 24 studied loci between 

smoker RA patients to normal controls. There are statistically significant differences 

in genotype frequencies between smoker RA patients and normal controls in the 

following loci in HLA-DRBl (p = 0.017), HLA-DQAl (p = 5.39 x ICT?), TNFA1P3 (p 

=0.032), GREB (p = 0.0038)，and STAT4 (p = 0.00023). 

Figure 4-25 shows the genotype frequencies in the 24 studied loci between 

non-smoker RA patients to normal controls. There are statistically significant 

differences in genotype frequencies between non-smoker RA patients and normal 

controls in HLA-DRBl (p = 0.004), HLA-DQAl (p = 5.22 x 10 ")，TNFA1P3 (p = 

0.008)，GREB (p = 7.7 x IQ-'^), STAT4 (p = 6.21 x lO"̂ ) and rsll761231 (p = 0.006). 
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Chapter 5 Discussion 

This thesis is divided into three parts. 

1. We examined the genetic predisposition of 25 SNPs in Chinese with 

rheumatoid arthritis compared to normal controls. 

2. We examined the gene-gene interactions between these SNPs. 

3. We also examined the associations in these 25 SNPs with serum biomarkers, 

such as anti-CCP antibodies, RF, bone erosions and smoking status. 

5.1.1. Characteristics of the rheumatoid arthritis patients 

With reference to the results of the demographic data presented in Table 4-1, 

women are more susceptible to RA. The prevalence of RA in men and women was 

1:4. This ratio was similar to that of previously reported studies found elsewhere 

(Carmona et al.2002). 

Compared to men, women suffered from RA at an earlier age. In this study the 

onset age for RA in men are 4.2 older than in women (50.0 years compared to 45.8 

years old), and we find more SNPs in women associated with RA. 

5.1.2. Biomarkers 

The percentage of RA patients with detected anti-CCP level was 85%. This was 

similar to previously reported studies in Chinese (Liao et al.2011; Zhao, J. et al.2010), 

Japanese (Tamai et al.2010), and in Caucasians (Inane et al.2007; Potter et al.2009). 

However, it was higher than previous reported studies, 42% (Bongi et al.2004) and 

55% (Forslind et al.2004). The differences were due to small sample sizes (n=54, 379, 

respectively) and shorter disease duration in both studies (less than 6 months). 
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Furthermore, the anti-CCP levels were measured with the first generation anti-CCP 

test kits (Bongi et al.2004; Forslind et al.2004), whereas anti-CCP-2 kits were used 

in other studies (Liao et al.2011; Potter et al.2009; Tamai et al.2010; Zhao, J. et 

al.2010). 

RF was present in 65% of the RA patients and this figure was similar to 

previously reported studies (De Vries et al.2005; Inane et al.2007; Quinn et al.2006; 

Silveira et al.2007; Steuer et al.2008). 

The percentage of RA patients with anti-CCP and RF are 55%, which was 

similar to previously reported studies (Lee, DM and Schur2003; Sauerland et al.2005; 

Steuer et al.2008). The sensitivity of the diagnosis of RA with anti-CCP is 70-78%, 

with RF is 59-79% and with both markers is over 91% (Lee, DM and Schur2003). 

5.1.3. Bone erosion on X-ray 

In this study, 35 established RA cases have no bone erosion on X-rays, therefore, 

the percentage of bone erosion on X-rays is under-estimated in this study. 

There are 66% of the RA patients who showed bone erosion on X-ray, which is 

different from the bone erosion data of the previous studies of 49% (Bongi et al.2004) 

and 55% (Syversen et al.2010). The differences are probably due to the small sample 

sizes in those two studies, 35 and 253 respectively, and a more likely reason is the 

mean years of RA duration are less than 1 to 2.3 years, whereas the RA disease 

duration mean years in this study was over 9 years. 

5.1.4. Other demographic data 

In this study, the number of tender and swollen joints, DAS-28 and rheumatoid 

nodules are similar in both men and women. However, compared to established data, 
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our data on tender joints, swollen joints and DAS-28 are significantly lower than that 

in Japanese (Kawashiri et al.2010), Turks (Samanci et al.2005) and Caucasians (Liu 

et al.2008; Miriovsky et al.2010; Potter et al.2009). The differences might be partly 

explained by the small sample sizes in some of these studies where n values range 

from 45 to 89 patients. In contrast, when compared with other studies of similar 

sample size, our data on DAS-28 was lower than that of Potter el al (Potter et al.2009) 

but similar to that of Miriovsky et al. (Miriovsky et al.2010). This suggested that the 

number of tender and swollen joints and DAS28 are not good parameters for the 

diagnosis of RA since they are based on physician opinion. As for the DAS28 score, 

there are different methods used in the literature and variations between test centers. 

5.1.5. Family history 

There are more women who had a family history for developing RA than men. 

However, the actual numbers are small (7.1%). Established familial studies based on 

the Norfolk Arthritis Register suggested the increased risk was only two-fold (Jones 

et al.l996). On the other hand, Criswell et al. (Criswell et al.2005) showed that 89% 

of the affected familial individual are females. Such observations may support the 

fact that females are more likely to develop RA than males. Criswell et al. also 

pointed out that this female tendency may be due to the fact that females are more 

knowledgeable about their family history and are likely to participate in any 

etiological studies (Criswell et al.2005). 

5.1.6. Cigarette smoking and alcohol drinking. 

The number of smokers and drinkers are mainly found in men. There are fewer 

smokers and drinkers in females. In this study, smokers and drinkers were defined as 
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ever users according to the current and past use/intake of cigarettes or alcohol. No 

attempts were made to quantify these in terms of years of duration or usage. A more 

detailed questionnaire could have been used as cigarette smoking may be a 

confounding factor for RA. Therefore, cigarette pack years, total number of cigarette 

smoked may be employed. Alcohol intake is a confounding factor, the number of 

grams of alcohol intake per week and duration in years are also important. 
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5.2. Genetic associations 

Genome wide association case and control studies are clearly effective in 

improving our understanding of the genetic basis of rheumatoid arthritis. They are 

considered as an established tool for high-throughput study and the established list of 

SNPs would provide a base for the study of RA in other ethnic and minority groups. 

Established results from the WTCCC (WTCCC2007) and NARAC (Remmers et 

al.2007) studies established that the SNPs associated with RA are within GWAS 

p-values of 10 X 10-6 to 10 X \ 0 ' \ However, the WTCCC study found nine new SNPs 

and some of their GWAS p-values are less than 10 x 10"̂ . This suggested that it is 

possible to identify rare SNPs with low allele frequencies. In this case-control study 

we replicated 25 of these established SNPs and found that 24 of them are 

polymorphic in the Chinese population but one SNP is not polymorphic in the 

Chinese population. 

Of the 24 polymorphic SNPs, seven of them showed p for trend < 0.05. When 

the data are analyzed by the dominant model two more SNPs are identified to be 

associated with RA. Likewise three SNPs are identified in the recessive models. 

These suggested that it is important to study SNPs with significant GWAS p values 

as well as insignificant p values. These results will be discussed in the follow pages. 

Logistic regression for RA disease showed age, sex, T allele in STAT4 and C 

allele ANAP4 were significantly negatively associated with RA, and CC genotype in 

HLA-DQAl was positively associated with RA. 

In the next part of the thesis, the results of MHC and non-MHC SNPs will be 

discussed. 

5.2.1. Association of Major Histocompatibility Complex, Class II，DR beta 1 
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loci and DQ alpha 1 

This study in Chinese RA patients confirmed that rs6457617 in HLA-DQAl and 

rs615672 in HLA-DRBl are significantly associated with RA. Both genes are located 

on chromosome 6p21. The DRBl locus has long been shown to be associated with 

RA (Stastny, Peter1978). Due to its size and complexity, it remains as one of the 

unknown and yet best studied region for RA. The first full sequence was done in 

1999 and it showed that the MHC region consisted of 224 loci, with 128 of these loci 

expressed, and 40% of the expressed proteins have immunological properties. 

HLA-DRBl is a confirmed susceptibility locus in other autoimmune diseases such as 

TID, SLE, AS, PsA etc (Fernando et al.2008). The structural functions related to 

antigen processing and presentation to HLA class I (HLA: A, B, C) and Class II 

(HLA: DP, DQ, DR) genes are emerging. To date, more than 100 diseases have been 

mapped to HLA genotypes. Some disorders involved single HLA genes such as AS 

(HLA-B27), and others required multiple HLA genes such as in celiac disease and 

RA. The MHC region shows extensive allelic variation and linkage disequilibrium 

and a small number of genes. 

In this study we established not only that HLA-DRBl is involved in RA but also 

the HLA-DQA. They are both located on chromosome six and only 89kb apart. A 

linkage disequilibrium plot was carried out and the results suggested that they are not 

in linkage disequilibrium but they are independent from one another. 

5.2.2. Association of non Major histocompatibility Complex loci 

In Caucasians, the WTCCC GWAS study showed that PTPN22 is the most 

important non-MHC SNP associated with RA and another study showed that a 

common mutation rs2476601 in PTPN22 was related to four autoimmune diseases, 

RA, SLE, TID and Hashimoto thyroiditis (Criswell et al.2005). However, our 



present study suggested that it is non-polymorphic in the Chinese population. In the 

early HapMap data it was suggested to be polymorphic in the Chinese but it was 

subsequently found to be non-polymorphic. (Rodriguez-Rodriguez et al.2011). For 

other PTPN22 SNPs including rs33996649, no Chinese Hapmap data is published, 

the pooled six countries reported T allele frequency is 0.025 in Caucasians 

(Rodriguez-Rodriguez et al.2011). rs66799677 is a tagged SNP to rs2476601, it is 

non polymorphic in Chinese. However, for a recently reported SNP rs2488257, the 

reported G allele rate ranged 0.3 to 0.9 and this is a new candidate SNP for the Asian 

population (Thompson et al.2010). Another SNP rs 1893217 in PTPN22 gene with 

minor allele frequency ranging from 4 to 12% is another option (Zhemakova et 

al.2011). 

The present study focused on the previously reported regions of 

SLC22A4-SLC22A5-IL13, TNF pathway, IL2RA and IL2RB, CTLA-4, PADI-4, GZEB, 

STAT4, PRKCQ, KAZALD, CCR6, TRA alpha, ANAPC4, and three other SNPs of 

undetermined functions rsl 1162922, rsl937506 and rsl 1761231. 

5.2.2.1. Association of Solute carrier family 22 and Interleukin-13 

Established studies showed that the polymorphisms in the 

SLC22A4-SLC22A5-IL13 loci are associated with autoimmune disease (Barton, A. et 

al.2005; Martinez et al.2006; Yamada et al.2004; Yamazaki et al.2004). In 2008, Li 

et al. established that the polymorphisms in rsl 1568506 in SLC22A4 and rsl800925 

in IL-13 are associated with psoriasis and Crohn disease. Furthermore, the rs2073838 

in SLC22A4 has been shown to be associated with SLE and RA (Yamada et al.2004). 

However, rsl 1568506 is monomorphic in Chinese. The IL-13 region was located 

downstream of SLC22A4-SLC22A5. Therefore in the present study we studied 

rs2073838 (SLC22A4) and rsl 800925 (IL-13) together. Their p for trend values are > 
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0.05. Both SNPs did not show any significance in the association of RA. No 

association was found in rs1800925 in IL-13. However, in the recessive model, the 

risk A A genotype of the rs2073838 suggested a 2-fold increase in the risk of RA in 

male patients only, but this association could not be replicated in the female 

subgroup. Our data are different from that of Caucasian based studies (Barton, A. et 

al.2005; Newman et al.2005) whereas in those studies the frequency of the risk A A 

genotype was 0.3% compared to 11% for the present study. Other Japanese studies 

also found no genetic association with RA (Kawasaki et al.2004). The connections of 

SLC22A4 and RA are further investigated by gene-gene interactions with Runxl loci 

(Maeda et al.2007; Martinez et al.2006; Yamada et al.2004). Yet again, inconclusive 

results are drawn and the role of either loci with RA remained unknown. Therefore, 

the genetic association for the risk of RA with polymorphism in SLC22A4 was 

probably mild. 

5.2.2.2. Association of Tumour Necrosis Factor pathway 

Four SNPs in the TNF pathways are replicated in this study. They are 

rs2771369 TNFA1P2 in chromosome 14, rs3761847 TNFA1P3 in chromosome 9， 

rs6684865 MMELI-TNFRSF14 in chromosome 1 and rs 17066662 in chromosome 6, 

whereas rsl7066662 is a tagged SNP of rsl0499194 {TNFAIP3-OLIG3) at 6q23 (Van 

Der Helm-Van Mil et al.2010). The rsl0499194 loci had been shown to have a strong 

genetic association with RA in Caucasians (Plenge et al.2007), Patsopoulos et al. 

established that the genetic association of rsl0499194 with RA was small (p-value 

5.6 X 10-3), and in 2010，Shimane et al. established that it was polymorphic in the 

Japanese population with a minor allele frequency in the range of 5-7%. The odds 

ratio was 1.3 and the p-value was small 8.4 x lO'"̂  (Shimane et al.2010). The TT 

minor allele frequency of its tagged SNP rsl7066662 was 1% in our study, and there 
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was no association with the risk for RA with rs 17066662. The differences in these 

observations may reflect the variations within the study cohorts and the linkage of 

the SNP to unknown loci. The p for trend tests for both TNFA1P2 and 

MMELI-TNFRSF 14 are significant (p < 0.05). Upon subgroup analysis, this 

association was only found in females. Furthermore, in the subgroup analysis a small 

association was observed in TNFA1P3. It was interesting to know that the three SNPs 

within the TNF pathway showed significant association with increased risk for RA in 

female but not in the male RA patients. This gender difference in the genetic 

association of TNF loci was observed in only one Mexican study on rs 1800625 (TNF 

alpha- 380) (Jimeez-Morales et al.2009). On the other hand due to the small sample 

size of the male RA patients (n = 120), the power of estimation was small. Previously 

established studies on RA patients treated with monoclonal antibodies to anti-TNF 

alpha showed reduction in DAS28 scores (Cui et al.2010; Liu et al.2008). This may 

suggest the TNF pathway is equally important in both males and females. To date, 

there was no genetic study that demonstrated a direct genetic association of TNF loci 

with RA, but all established studies are associated with small molecules within the 

TNF pathway. In this study we showed that three SNPs of the TNF pathway are 

genetically associated with RA in female patients. 

5.2.2.3. Association of Interleukin-2 Receptor Alpha and Interleukin-2 

Receptor Beta 

rs2104286 in IL2-RA and rs743777 in IL2-RB are established by the WTCCC 

study to be associated with RA. They had GWA p-values in the range of 10 x 10"̂  to 

10 X 10-8 (Kurreeman et al.2009; WTCCC2007). In a recessive model of rs2104286 

in IL-2RA, a small odds ratio was observed in the female subgroup (OR = 0.42, p = 
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0.03). No genetic association was found in Chinese RA patients with rs743777 in the 

IL-2RB loci. The differences may be explained by the different genotype frequency 

found between the two studies, but the frequencies are similar to that of published 

data. Likewise, we also showed that there was a sex differentiation in the risk of RA 

in the IL-2RA loci in Chinese patients with RA. 

5.2.2.4. Association of Cytotoxic T Lymphatic Antigen 4 

Our study showed that both SNPs rs3087243 and rs 10497873 in CTLA-4 are not 

associated with RA in Chinese. Our findings are similar to those established by Kim 

et al., where they reported that two intronic SNPs rs231777 and rs231779 in the 

CTLA-4 loci are not associated with RA in Koreans (Kim, YO et al.2010). Moreover, 

Daha et al. pooled six Caucasian and two Asian studies published between 2004 and 

2008 to study the association of rs3087243 and RA (Daha et al.2009). Half of the 

pooled studies did not show any genetic association between rs3087243 and RA. 

However, in a recessive model from our study, the minor TT alleles of rs10497873 

increased the risk of RA by two-fold. The discrepancy between these studies may 

suggest that rs3087243 was not the functional marker for RA. The previous findings 

between this SNP and RA may have resulted from another proximal marker, which is 

in linkage disequilibrium with rs3087243. 

5.2.2.5. Association of Peptidylarginine Deiminase 4 

The enzyme PADI-4 was involved in the conversion of arginine to citrulin in 

the process of citrulation, which induced the auto-antibodies to CCP (anti-CCP). It 

has been suggested that PADI-4 might play a role in RA since 85% of the RA 

patients are anti-CCP positive. It was also suggested that cigarette smoking induced 
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the formation of anti-CCP auto-antibodies and induced RA onset. In the present 

study, we observed no genetic associations in RA patients with smoking or anti-CCP 

producers. Hence, there was no association between smoking, anti-CCP status and 

PADI-4 genotype. 

In the present study, a weak association was found between the polymorphism 

in PADI-4-94 (rs2240340) in male RA patients (p for trend = 0.005), the odds ratio 

for the GG genotype was over two for the risk of RA. A recent Japanese study with 

2000 subjects suggested that rs2240340 is a risk allele among RA patients but on the 

other hand in one Chinese study with 600 RA cases that studied 5 SNPs within the 

PADI-4 loci it failed to confirm any associations (Chen, R et al.2010). Those 

established results suggested that the polymorphism of PADI-4 might be weakly 

associated with RA. However, in our gene-gene interaction study, we established that 

there was a genetic association between the PADI-4 loci and HLA DRBl. 

In summary, there are ethnic differences between the genetic associations of 

PADI-4 in RA. Based on established reports, this association was found only in Asian 

populations (Fan et al.2008; Suzuki et al.2003; Takata et al.2008) and it was 

extremely rare in Caucasian populations (Barton, A. et al.2004; Burr et al.2010; Mori, 

M et al.2005; Plenge et al.2005). 

5.2.2.6. Association of Signal Transducer and Activator of Transcription 4 

The TT genotype in rs7574865 was demonstrated as a common risk allele in RA, 

SLE, systemic sclerosis and other autoimmune diseases. In the present study, the TT 

risk allele increased the RA risk by a factor of 2.4 and the p for trend was 3.9 x 10'^. 

The odds ratio in this study was higher than other established studies which ranged 

from 0 R = 1.15 to 1.3 (Lee, HS et al.2007; Remmers et al.2007). This difference 
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cannot be explained by smaller sample size or the use of normal controls alone, but it 

is more like to be an ethnicity issue, the Hapmap data on the minor risk T allele is 

higher in Chinese (35%) compared to 20% in Caucasian and 15% in Africans. 

Moreover, STAT4 plays a central role in the activation of T cells into Thl and Thl7 

helper T cells (figure 2.2), whereas the activated Thl and Thl7 T cells in turn 

regulate plasma B-cells and inflammatory cytokines production. The Thl and Th2 

cells are regulated by macrophages. The exact mechanism of how STAT4 SNPs are 

involved in RA is unknown, since the four STAT4 SNPs are intronic. Hence, the role 

of STAT4 SNPs might be in gene regulation or gene splicing. 

5.2.2.7. Association of Granzyme, Protein Kinase C, theta, and Kazal Type 

Serine Protease Inhibitor Domain 

In the present study, there was no association between rs4750316 and with RA, 

which was first established by the WTCCC study (WTCCC2007). The minor C allele 

frequency in both Caucasians and Asians is similar (13.3% in Chinese, 17.8 in 

Japanese and 18.3% in Caucasians) (Consortium2005; Consortium2007) and 

moderate p for trend value was obtained in the WTCCC study (p-trend = 5.55 x 10" )̂. 

5.2.2.8. Association of Chemokine (C-C motif) Receptor 6 

In the present study, we failed to replicate the association of CCR6 

polymorphism and the risk of RA, which was first reported by Kochi et al. (Kochi et 

al.2010) and Stahl et al by meta analysis (Stahl et al.2010). The reasons for being 

unable to replicate the significance in rs3093024 might be due to the fact that both 

Kochi et al and Stahl et al involved very large sample sizes (cases = 7,069 and 5,539; 

controls = 20,729 and 20169, respectively) compared to our 600 cases and 900 
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controls. Moreover, the reported increased risk of RA from rs3093024 was associated 

with serum IL-17 levels (Kochi et al.2010). Hence, IL-17 may be involved in the 

underlying mechanism in the development of RA. In order to explain this 

observation, serum IL-17 level may be measured in our study and the association of 

IL-17 locus and RA may also be examined. 

5.2.2.9. Association of T-cell Receptor Alpha 

No association was found between TRA alpha polymorphism and the risk of RA. 

In the present study, there was no significant association between RA risk and 

rsl l54155. The association of TRA alpha was first reported in an autoimmune 

disease narcolepsy (Hallmayer et al.2009). Since T cell receptor alpha played a 

central role in the interaction of both T and B cells, it therefore seemed to be a good 

candidate SNP to study. However, our observation yielded negative results for its 

association with RA. The difference may be explained by the different frequency of 

the risk minor C allele in Caucasian (14%), Asian (47%) and African (8%) 

populations (Consortium2005; Consortium2007; Hallmayer et al.2009) 

5.2.2.10. Association ofSNPs rslll62922, rsl937506 and rsll761231. 

These three SNPs are reported by the WTCCC study. In the present study, no 

association was found between the polymorphism frequencies and the risk for RA in 

the former two SNPs, both in male and female patients with RA. Upon subgroup 

analysis and in both recessive and dominant genetic models no significant risk was 

found. However with rsl 1761231, the risk for RA disease was only found in female 

1 
RA patients (p for trend = 8 . 5 x 1 0 " ). The TT genotype appears to be a protective 
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genotype among female patients. This finding was similar to that of the WTCCC 

report. 

5.3. Gene-gene interaction 

To date based on single SNP and haplotype analysis, about 60 SNPs are 

associated with RA genetics. HLA regions showed the most importance of all regions. 

Non-HLA SNPs are PTPN22, STAT4, PADI-4, SLC22A4, TNF’ CTLA-4, IL2RA, 

IL2RB and other minor loci. However, these findings did not reflect the possible 

interactions between multiple SNPs. From 2010, several established studies have 

focused on the epistasis of loci for complex diseases (Feng and Zhu2010; Jung et 

al.2009; Kallberg et al.2007; Zhang, M et al.2009). In this study we carried out 

gene-gene interaction analysis of RA based on two HLA and 22 non-HLA SNPs that 

are derived mainly from GWAS studies. 

In this study as expected, the HLA regions accounted for most influence on RA 

phenotype. We found four interaction signals with HLA regions: between 

HLA-DRBl and HLA-DQAl, HLA-DRBl and PADI-4, HLA-DRBl and IL2RA, and 

between HLA-DRBl and rs 1162922. The signal within the HLA region was of two 

independent loci. This finding suggested there was an interaction between 

HLA-DRBl and HLA-DQA in MHC Class II antigens in RA genetics. This finding 

was similar to that of Liu et al. (Liu et al.2011). We observed that there are 

interactions between HLA Class II region with PADI-4, IL2RA and rs 1162922 loci of 

undetermined function. 

Outside the HLA region, there are three pairs of genetic interactions, SLC22A4 

and ANAPC4, IL13and CTLA-4, and between MMELI-TNFRSF14 and TRA-alpha. 

However, the sample sizes in some of the subgroups are small, so that more data will 
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be needed to confirm the influence of these interactions. It was unexpected to see that 

no gene-gene interactions are found with STAT4, TNFA1P2’ and TNFA1P3. These 

single SNPs are well-validated and significant in our SNP analysis. Similar 

observations are noted by Liu et al. (Liu et al.2011) but Manning et al. showed one 

interaction between TRAFl and TAP2 (Manning et al.2009), and based on the 

NARAC data set, 14 significant interactions are identified to include PADI-4, 

TNFSFIB, SLC22A4, and TNF (Huang, CH et al.2009; Qiao et al.2009), where 

SLC22A4 was also an important interaction in our study. 
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5.4. Genetic association of serum biomarkers and RA 

In the present study, several serum biomarkers and indices are studied. They are 

bone erosion, anti-CCP status and level, RF status and level, and cigarette smoking 

status. 

5.4.1. Genetic association of bone erosion in rheumatoid arthritis 

The SNP rs10786617 in KAZALDl was previously suggested to be associated 

with bone erosion in RA patients. With data from chapter 4.4.3, there are no genetic 

associations between KAZAIDI genotype and bone erosion. There is no evidence to 

suggest that bone erosion (+) group and bone erosion (-) group are genetically 

different. There was also no evidence to suggest that the normal controls are different 

from the bone erosion (+) or the bone erosion (-) groups. The Kazal type serine 

protease inhibitor domain did not appear to play any role in the bone erosion RA 

patients according to these data. 

5.4.1.1. Major histocompatibility Complex, HLA-DRBl association with bone 

erosion 

The RA patients are classified according to bone erosion and non-bone erosion 

groups. The genotypes in each group are compared between themselves and to 

normal controls. Bone erosion is associated with HLA-DRBIgene in female RA 

patients only (p for trend =0.037; Table 4-19), but this association could not be 

replicated in male patients with RA. There was a significant difference between the 

bone erosion positive group and normal controls (p for trend = 0.001). Both of the 

recessive and dominant genetic models showed that the CC genotype was a 

protective allele whereas the GG genotype was a risk allele for bone erosion. Figure 
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4-14 showed the 24 polymorphic SNPs studied in this study with their - l o g p for 

trend values and their genetic association. No association was found between bone 

erosion and HLA-DQAl loci Table 4-20. 

Figure 4-15，presented the genetic association of bone erosion in RA patients 

with bone erosion to normal controls. Figure 4-16，presented the genetic association 

of non-bone erosion RA patients to controls. It demonstrated that after subgroup 

analysis by bone erosion, it did not remove the association of RA risk in the 

following SNPs MMELl-TNF, PADI-4, STAT4, MHC-HLA-DRBl, HLA-DQAl, 

TNFA1P3, rs111761231 TNFA1P2, and GREB. This suggested that even after 

stratification the genetic association with RA in those loci remained unchanged. 

5.4.2.1. Association of anti-CCP status and SNP genotypes 

Anti-CCP level had been suggested to be associated with HLA-DRBlshared 

epitopes. In the present study, the anti-CCP status was studied in the genotypes of the 

24 SNPs. The results are presented in Figure 4-17. Presence of anti-CCP was 

associated with MHC-HLA genes, namely MHC-HLA DRBl and HLA-DQAl. No 

genetic associations are found in any other non-MHC loci. The G-allele in the DRBl 

loci was a risk factor for anti-CCP positive RA (Table 4-21) and the TT-allele in the 

DQAl loci was a risk factor for anti-CCP positive RA (Table 4-22). The association 

of DQAl with anti-CCP level was a new finding and it had not been reported 

elsewhere. The associations of anti-CCP in RA patients are sex-specific, in which the 

HLA Class II beta chain {HLA-DRBl) affected the male patients, whereas the HLA 

Class II alpha chain (HLA-DQA) affected the females. 

The anti-CCP had no association with PADI-4 genotype even through it was the 

enzyme responsible for the production of anti-CCP. 
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Figure 4-18, presented the genetic associations of anti-CCP positive RA patients 

compared to normal controls in the 24 studied SNPs. Figure 4-19, presented the 

genetic associations of anti-CCP negative RA patients compared to controls in the 24 

studied SNPs. The genetic associations for the risk of RA in the following loci TNF 

{MMEL1-TNFRSF14, TNFA1P2 and TNFA1P3), the HLA loci {HLA-DRBl, and 

HLA-DQAl), PADI-4, STAT4, rslll76123, and GREB are retained even after 

stratification according to anti-CCP status (Figures 4-18 to 4-19). 

5.4.2.2. Association of anti-CCP and Tumour Necrosis Factor loci 

There are strong associations of AA-allele in TNFA1P2 loci (Table 4-23) 

between anti-CCP positive RA females and normal controls and the AA-allele in 

MMELI TNFSFM loci (Table 4-24) between anti-CCP positive RA females and 

normal controls. These results reflected that loci within the TNF pathway are 

candidate loci for the risk of RA. 

5.4.3.1. Genetic association of RA patients with or without RF 

In RA patients, three SNPs (female only: MMEL1_TNFSF14; male only: 

ANAPC4 and rs1937506) (Figure 4-20) are associated with the presence of serum RF. 

Our results presented in Figure 4-20 showed that the genetic associations of RF in 

RA patients and loci polymorphisms are sex-specific. 

5.4.3.2. Genetic association of RF and Tumour Necrosis Factor loci 

No association was observed between patients with serum RF in TNFA1P2 or 

TNFA1P3 loci. Among RA female patients, a modest genetic association was 

observed between RF positive versus RF negative groups compared to controls in 

MMELI-TNFRSFl4 loci. The number of subjects at each subgroup was small and 
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there was no RF status in the control group available for analysis. Therefore, further 

work will be needed to elucidate the association of RF and TNF loci. 

5.4.4. Association of cigarette smoking status in rheumatoid arthritis 

It has been suggested that cigarette smoking might play a role in RA disease 

activity. Smoking RA patients in general are worse in term of disease activity. It has 

also been suggested that cigarette smoking might induce the production of anti-CCP 

autoantibodies. In the present study, the number of ever smokers was 67.0 % (n = 80) 

in males and 6.4% (n = 31) in females (Table 4.1). The genotypes of the SNPs are 

studied. These results are presented in Figure 4.-23. There was only one TNF tagged 

SNP rs17066662 with a p - value less than 0.05 in the male subgroup. Due to the 

small sample size in this subgroup, it may be concluded that there was no association 

between smoking status and genotype in RA patients. The worse disease activity in 

RA patients among smokers was not associated with PADI-4 or anti-CCP status but 

perhaps by other confounding factors it was associated with smoking. 

In Figures 4-24 to 4-25, the cigarette smokers in RA patients compared to 

controls and the non-cigarette smokers in RA patients are compared to controls. 

These data demonstrated that after subgroup analysis by smoking status, the 

association of MMEL1-TNFSF14, PADI-4, STAT4, MHC-HLA-DRBl, HLA-DQAl, 

TNFA1P3, rs111761231 TNFA1P2, and GREB in the risk of RA still remained. This 

suggested those associations are strong. 
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Chapter 6 Conclusion 

R A i s a chronic disease affecting 0.35% of the local population (Lau et al . l993), 

the current Hong Kong population stands at 7,067,800 (Hksar2011), hence, 

2,473,730 patients may be affected by RA. This figure is modified with increased 

influx of people coming from neighbouring cities. A new survey may be needed in 

order to establish the current RA prevalence, since the last one was done in 1993 

(Lau et a l l 9 9 3 ) and the current treatments for RA are moving towards the costly 

biological agents. 

This study revealed the prevalence of R A in women is four times higher than in 

men. Women developed RA disease a few years earlier than men. The number of 

SNPs attribute to RA is higher in women. This study affirms both HLA-DRBAl and 

HLA-DQAl loci are associated with increased risk of RA. Polymorphism in STAT4 

loci is the most important non MHC loci that increased risk of RA. The universal 

increased risk from these three SNPs is found in Chinese as well as that in 

Caucasians. 

In men, RA is associated with polymorphisms in PADI4, ANAFC4,and 

SLC22A4, whereas in women it is associated with polymorphisms in SNPs within the 

TNF pathway, (MMEL1-TNFRSF14, TNFA1P2, TNFAIPS), CTLA-4, SLC22A4, 

IL2RA and rs l l l7612311 . There is no evidence to suggest GZEB，PRKCQ, 

KALZALD, CCR6 TRA alpha, rsl 1162922, and rsl937506 increase the risk for RA. 

Age, sex, HLA-DQAl, STAT4 and ANAPC4 are predictors for RA by logistical 

multiple regression. Ageing, being a female subject and C allele polymorphism in 

ANAPC4 increased the risk for RA, wheres CC genotype in HLA-DQAl reduced the 

risk of RA in Chinese. 
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RA specific biomarkers were found in 82.2% of all patients. Serum anti-CCP is 

associated with HLA-DRBl and HLA-DQAl loci within the MHC region. There is no 

evidence to suggest anti-CCP is associated with PADI4 loci of cigarette smoking. RF 

was found in 65.4% of all patients. It is asscoiated with polymorphisms in 

MMELl TNFSF14 loci in RA women only; ANAPC4 and rsl937506 loci in RA men 

only, and SLC22A4 in all RA patients. 

Bone erosion is found in 62.8% of all RA cases, However, this may be an 

underestimated value since bone erosion data were not available in 5.8% (n=35) of 

the RA patients. Bone erosion is not associated with polymorphism in KAZALDl loci. 

The GG genotype in HLA-DRBl loci is associated with increased risk of bone 

erosion. 
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6.2. Future work and prospects 

The genetic replication studies on GWAS candidate genes and risk of RA 

provided new insights to the pathogenesis of RA in Chinese. Genetic polymorphisms 

of the MHC-HLA alleles are thought to play an important role in RA pathogenesis, 

anti-CCP status, and the risk of bone erosion, especially with the HLA DRBAl loci. 

Results with the seldom mentioned HLA-DQAl gene indicated that it is a new region 

of interest in term of the pathogenesis of the disease. 

The universal increased risk of STAT4 in many autoimmune diseases suggested 

the complexity of the pathogenesis of RA is in common with other autoimmune 

diseases. Other candidate genes, such as these within the TNF pathway, are located in 

different chromosomes but all demonstrated that only the female patients are affected, 

whereas other SNPs only induce the risk of RA in males. This study also clearly 

showed that the risk of RA is partly contributed to by sex, and ageing. However, the 

underlying mechanisms are still unknown. Therefore, functional studies on these 

candidate genes involved in the TNF pathway and the MHC-HLA interactions are 

indispensable for elucidating the risk of RA. 

Lately, 5 new SNPs are shown to be associated with RA in the association of 

study rs23622 in C5orf40, rsl0892279 in DDX6 gene, rs864537 in CD247, 

rs2298428 in URE2LS gene and rs 1893217 in PTPN22 gene. The role of C5orf40 

may be associated with bone erosion and the latter rs 1893217 in PTPN22 will 

provide a lot of interesting debate as it is the only SNP in PTPN22 in Chinese with 

minor allele frequency of greater than 5%. Moreover, in our study 42.6% of RA 

patients were with active disease, it would be interesting to determine if there was 

any association between active disease status and loci relating to the cytokines, 

including, IL-2, TNF, STAT4, etc. 

185 



Additional data analysis are planned, such as the use of medications over a time 

period and the association study on the response to medication treatment or 

intervention versus genotype. 

Limitations of this study includes the lack of anti-CCP, RF, CRP, and DAS-28 

scores in the controls, that the results were not adjusted for confounders such as 

cigarette smoking and the small sample size in the RA men sub-group. 
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