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Dedicated to:

GCAAGCACA0AGAUAAAGCGUAGAAAGAAGAGAAUAAAUGOoAGAAUGOA
GAUAAAUGoAGAUUCGCAAGAUAAAUGGCAAUGAUGGCAUAACCAGCAC
CACCAGCAUAAUUCGCAAGAAUGOoAGAUAAUUCGCAAGAUUCGCAAGAU
AAUGCCACGCAAGAUUA0ACAACAGCA.

"If you thought that science was certain - well, that is just an error on your part."

- Richard P Feynman

"Science may set limits to knowledge, but should not set limits to imagination."

- Bertrand Russell

Det krivs ett helt nytt sétt att tdnka for att 16sa de problem vi skapat med det gamla
sattet att tdnka.

- Albert Einstein

"To understand this fully, one must transcend from the duality of 'for' and 'against' into
one organic unity which is without distinctions."

- Bruce Lee

“Confusion is my name, ask me again I'll tell you the same.”

- Red Hot Chili Peppers



ABSTRACT

Rheumatoid arthritis (RA) is a complex disease with autoimmune features primarily
causing destruction in the joints of the body. Knowledge regarding risk indicators and
causes are increasing but so far only a few genetic and very few environmental risk
factors have been consistently identified.

The overall aim of this thesis is to investigate interaction between genetic and
environmental factors for different phenotypes of RA. Specific aims are to investigate:
1. gene-environment interaction between HLA-DRB1 SE alleles and smoking.

2. Gene-gene interaction between HLA-DRB1 SE and R620W PTPN22 alleles.

3. Interaction between alcohol consumption, smoking and HLA-DRBI1 SE alleles.

4. Dose dependency between smoking and risk of developing RA with consideration
taken to interaction between smoking and HLA-DRBI SE alleles.

In all the above aims different phenotypes for RA as defined by presence or absence of
antibodies to citrullinated protein antigens (ACPA+, ACPA- RA respectively) is
considered.

This thesis is primarily based on data from a Swedish study named Epidemiological
Investigation of Rheumatoid Arthritis (EIRA). EIRA is a population based case-control
study which consists of information from incident cases and controls matched on age,
sex and living area. Cases and controls were given the opportunity to fill in an
extensive questionnaire and to provide a blood sample for genetic and serological
analysis. In paper II additional studies from USA (the NARAC study) and the
Netherlands (Leiden EAC) was used to investigate potential gene-gene interaction
between HLA-DRB1 SE and R620W PTPN22 alleles. In paper III information from
the Danish case-control study of rheumatoid arthritis (the CACORA study) in addition
to EIRA, was used to investigate interaction between alcohol consumption, smoking
and HLA-DRBI SE alleles.

Smoking and alcohol consumption patterns and dosage were estimated through self-
reported information in questionnaires. Interaction was primarily defined in terms of
deviance from additivity of effects.

A strong interaction between smoking and HLA-DRBI SE alleles was observed
regarding risk of developing ACPA+ RA. The most pronounced interaction was
observed for the combination of smoking and homozygosity for HLA-DRB1 SE
alleles. Smoking was also associated, in a dose dependent manner with increased risks
of developing ACPA+ RA with consideration taken to HLA-DRBI SE alleles.
Interaction between HLA-DRB1 SE and R620W PTPN22 alleles regarding risk of
developing ACPA+ RA was observed in three different studies (EIRA, NARAC and
Leiden EAC). No associations between HLA-DRB1 SE or R620W PTPN22, and only
a minor association for smoking regarding risk of ACPA- RA were observed.

Alcohol consumption was inversely associated with risk of developing RA in a dose
dependent manner in both EIRA and CACORA. Lack of alcohol consumption was also
associated with interaction with smoking and HLA-DRB1 SE alleles regarding risk of
developing ACPA+ RA.

Key words: Rheumatoid arthritis, HLA-DRB1, PTPN22, smoking, alcohol, case
control, interaction.
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LIST OF ABBREVIATIONS

ACPA Antibodies to citrullinated protein antigens
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1 INTRODUCTION

Rheumatoid arthritis was first described by name in the second half of the 17th century
by Garrod [1-2], but has most likely been present without the name rheumatoid arthritis
much longer than that [3]. Rheumatoid arthritis (RA) is a complex disease that is
approximately two to three times more common among women than men. The disease
is an autoimmune disease, which means that the immune system is reacting against
tissues in the own body. RA is primarily affecting the joints in the body by destruction
of cartilage and bone.. Later stages in the disease course can be associated with
systemic manifestations such as pulmonary fibrosis, inflammatory serositis in the lung
and heart. In addition patients with RA suffer from increased mortality in
cardiovascular disease and co-morbidities such as lymphomas and lung cancer [4], in
addition to the pain and impairment caused by the disease itself [5].

Little is known about the aetiology of RA, but both environmental and genetic factors
are believed to be risk factors for developing RA.

Lately, evidence has emerged suggesting that the diagnosis “rheumatoid arthritis™ is in
fact a family name comprising several diseases with different aetiology but similar
symptoms. One classical basis for a subdivision of RA is the presence of Rheumatoid
Factor (RF). RF is a complex of anti-bodies associated with more severe RA. Recently,
a subdivision based on another anti-body called anti-CCP (antibodies toward cyclic
citrullinated peptides, later called ACPA, which is short for anti-citrullinated peptide
antigens and antibodies to citrullinated protein antigens) has been suggested to be of
more fundamental relevance because of the high specificity regarding RA [6-7].

Due to the complexity and different features of RA, it is natural to consider both
environmental and genetic risk factors, as well as serological types of the disease
simultaneously, when searching for, or testing different hypotheses regarding disease
mechanisms. This thesis is an attempt to integrate biological-(genetic and serological)
and environmental-, information, in order to search for and test hypotheses regarding
factors involved in the disease mechanisms of RA and to investigate potential
interaction effects between these factors. The scope of this thesis relates to a recent
description of the new era in biomedical sciences:

"The reductionist approach has successfully identified most of the components and
many of the interactions but, unfortunately, offers no convincing concepts or methods
to understand how system properties emerge...the pluralism of causes and effects in
biological networks is better addressed by observing, through quantitative measures,
multiple components simultaneously and by rigorous data integration with
mathematical models"[8]

So, what does the RA puzzle look like and which parts are associated with each other?
First, I will describe some basic concepts and previous research findings that could help
the reader to understand things more easily.



1.1 THE IMMUNE SYSTEM

Since most of the RA cases have features of autoimmune disease, a brief description of
the immune system is helpful to understand some of the mechanisms that are involved
in the disease.

The immune system can be subdivided into two major parts, the innate immune system
and the adaptive immune system. The innate immune system is the first protection or
alert system against foreign substances. The other major part of the immune system is
the adaptive or acquired immune system which is, among other things, responsible for
creating an immunological memory against pathogens. The adaptive system consists of
T-cells, including cells which have the capacity to kill other cells, such as virus infected
cells (T-killer cells), T cells which can activate other cells, such as B cells (T-helper
cells), and T cells that can regulate the immune system (T regulatory cells). B cells can
differentiate into plasma cells that produce anti-bodies toward distinct antigens. Anti-
bodies are then used to facilitate immunological reactions such as the complement
system or by enhancing recognition to phagocyting cells.

Many reactions in the immune system are mediated through certain signal substances
called cytokines. Cytokines are proteins affecting cells in many different ways. Some of
the cytokines are promoting inflammatory response. TNF-a and interleukin-6 (IL-6) are
examples of cytokines that promotes inflammatory reactions [9]. These two cytokines
are also target substances for drugs used to treat RA.

1.2 AUTOIMMUNITY

An autoimmune disease is a disease where the immune system is reacting against
tissues in the own body. In RA, autoimmunity is exemplified by the activation and
proliferation of cells in the synovial membranes and by the destruction of adjacent
cartilage and bone. In RA as well as in other autoimmune diseases, it has long remained
unclear how environmental and genetic factors may interact in causing immune
reactions that may contribute to the development of inflammation and destruction.

1.3 RHEUMATOID ARTHRITIS DIAGNOSIS

The diagnosis of Rheumatoid arthritis is given according to seven criteria, as proposed
by the guidelines from ACR in year 1987(American college of rheumatology) [10].
The criteria are as follows:

1. Morning stiffness

2. Symmetric arthritis

3. Arthritis in > 3 joints

4. Presence of rheumatic nodules

5. Radiographic changes

6. Presence of serum Rheumatoid Factor
7. Arthritis in hand joints

A person that fulfils at least four of these seven criterions is given the RA diagnosis.
This way of defining RA is currently challenged as some of the criteria, including
appearance of Radiographic changes and rheumatoid nodules are not present at the time
of optimal early diagnosis and initiation of therapy. Additionally, rheumatoid factors
are present only in a subset of RA patients (see more below). Thus, work is ongoing in
collaboration between the European and American rheumatology associations in order



to produce new diagnostic criteria that will be more useful for today’s clinical research
and clinical practice.

1.3.1 Anti bodies and diversity of Rheumatoid arthritis

Recently, many studies have pinpointed (explicitly and implicitly) that the diagnosis
RA is in fact a collection of many different diseases with different phenotypes and
different actiology, as well as different prognostic outcomes. One traditional way of
separating RA into subsets is based on the presence or absence of rheumatoid factor
(RF). RF is a so called autoantibody, which means that it is an antibody which primary
target is tissues in the own body. RF is an antibody directed towards the Fc section in
the IgG, which is also an antibody. IgG and RF form an immune complex where the Fc
(the Fragment constant region that binds to cells and complement proteins) section in
the IgG is the target. RF is however present also in many other conditions than RA
including diseases such as Sjogrens syndrome, hepatitis and Systematic lupus
erythematosus. As pointed out under the introduction section, a recently discovered anti
body has gained interest as being more specific for RA compared to RF. This is anti
bodies toward citrullinated peptides, anti-CCP (antibodies toward cyclic citrullinated
peptides, or more recently called ACPA, which is short for anti-citrullinated peptide
antigens). ACPA is an anti body targeting citrullinated peptides which is amino acid
sequences that contain the amino acid citrulline. Citrulline is not coded for by DNA.
Instead it is a result of a posttranslational modification of the amino acid arginine that is
carried out by enzymes called peptidylarginine deiminases (PADs). ACPA have been
associated with higher sensitivity regarding RA as compared to RF [6, 7]. Presence of
ACPA is considered to be stable over time in this sub group of RA patients and has also
been observed to predict RA in different RA populations. [7, 11-13]

1.4 ENVIRONMENTAL EXPOSURES AND RHEUMATOID ARTHRITIS

There are not many studies carried out with the aim to identify environmental risk
factors for developing RA. Traditionally occupations were used as proxy estimators of
environmental exposures and risk of RA. A few studies have reported increased risks
for RA among employees in certain occupations such as concrete workers, farmers and
hairdressers, to mention a few [14-17]. In addition to certain occupations,
environmental exposures such as smoking, parity, exposure to mineral oil, exposure to
silica have been associated with increased risks for RA [18-24].

1.4.1 Smoking

Smoking is the most established environmental risk factor for developing RA. The first
article on smoking as a risk factor for RA was published as late as 1987 [18]. Smoking
has since then been associated with certain sub types of RA such as RF-positive RA.
Smoking has also been associated with a dose response relationship regarding increased
risk of RA. [24-27]

Unfortunately, not all studies included stratified analysis by presence of RF or ACPA.
Several, recently published studies have found evidence for smoking being a risk factor
for RA characterized by presence of RF or ACPA [28-33]. Smoking is associated, in a
dose dependent manner, with increased risk for developing RA, especially for
rheumatoid factor positive RA [25-27]. There are also increasing evidence for smoking



being associated with the presence of anti-bodies toward citrullinated peptides (ACPA)
[28, 31-33]. For a more thorough review on smoking and RA I recommend the thesis
by Patrik Stolt [34]

By summing up the evidence for smoking as a risk factor for RA, it seems that smoking
fulfils many of signs of a causal effect such as strength, consistency, temporality and
biological gradient as proposed by Hill [35]

1.4.2 Alcohol

Alcohol or ethanol consumption is associated with an overall deprivation of the activity
in the immune system [36]. It has also been suggested that alcohol inhibit production of
TNF-a through nuclear regulatory factor -k (NF-kf) regulation in monocytes [37].

In earlier studies on humans investigating potential associations between alcohol and
risk of developing RA , two studies reported no increased nor decreased risk for
developing RA [38-39] and three studies reported a protective effect [24, 31, 40].
Unfortunately, only one of these studies investigated ACPA specific effects [31] and
the other study indicating a decreased risk for RA due to alcohol consumption pointed
out, in contrast to the majority of studies, a protective effect of smoking [40]. In
addition to these findings an experimental study on male DBA/1 mice found a
decreased incidence of destructive arthritis in mice exposed to non-hepatotoxic levels
of alcohol compared to non exposed mice [41].

1.5 GENETIC RISK FACTORS AND RHEUMATOID ARTHRITIS

Family studies on twins and siblings have found a greater concordance between
monozygotic twins, siblings in terms of RA manifestations compared to the
concordance between dizygotic twins and non siblings, respectively [42-43]. These
studies indicate that the genetic contribution is an important factor regarding RA
incidence. A number of genes have been suggested to be associated with increased
risks for developing RA [44-46]. Strong evidence exists that the HLA-DRBI gene in
the Major histocompatobility complex (MHC) region with loci in chromosome six
plays an important role in the development of RA [47- 49]. The gene is coding for the
human leukocyte antigen molecule (HLA) which play an important role in the immune
system as a presenter of foreign substances as well as autogenic substances (peptides).
The combination of DRB1*0401 and DRB1*0404 alleles in the HLA-DRBI1 region
have been found to be strongly associated with RA [50]. Gregersen et al. presented a
hypothesis, where some alleles in the HLA-DRB1 locus were shown to have great
influence on the beta chain in the MHC class Il molecule [51]. These alleles are
commonly known as the Shared epitope alleles or simply SE alleles.

HLA-DRBI genotypes have also been associated with more severe disease as
compared to those without these genotypes. [52- 53]

The R620W allele of the PTPN22 (protein tyrosine phosphatase non receptor 22) gene
is another genetic factor that quite recently have been found to be associated to RA and
also been replicated in different populations [54-56]. The PTPN22 gene is located on
chromosome one, in contrast to HLA-DRB1 which is located within the MHC loci in
chromosome 6. The R620W allelic form of PTPN22 has, in addition to RA, also been
associated with type I diabetes [56]. The function of the PTPN22 gene is to encode for
a protein, Lyp, which is a negative regulator of T-cell activation. The allelic form of the
PTPN22 gene, substitute the amino acid arginine to tryptophan in the protein, Lyp.



Regarding ACPA status, both the HLA-DRB1 SE and R620W PTPN22 alleles are
primarily associated with ACPA positive RA, indicating that there are specific disease
mechanisms for this RA phenotype [55-58]

1.6 INTERACTION EFFECTS AND RHEUMATOID ARTHRITIS

So far, there are not many studies carried out in order to investigate presence of gene-
environment or gene-gene interactions regarding the risk to develop RA. A strong
interaction between smoking and presence of SE genes has been observed in relation to
risk of developing RA, especially for developing RF+ or ACPA+ RA [28, 32, 58-62].
Article II [28] in this thesis was the first to present an interaction between smoking and
HLA-DBRI1 SE alleles regarding risk of developing ACPA+ RA. Additionally, a case-
only report from US reported a mixed picture regarding interaction between smoking
and HLA-DRBI SE alleles [63].

When estimating interaction one should have in mind that there are different definitions
of interaction. When investigating the potential interaction between factors in relation
to risk of disease it is therefore important to be aware of what implications the different
definitions have. Different definitions of interaction are presented under the methods
section.



2 AIMS

The overall aim of this PhD project is to identify environmental-, and genetic risk
factors and to investigate their potential interactions regarding the risk of developing
RA. More specified aims of this project are to:

Further explore the influence from smoking on risk of RA by investigating the
potential interaction between smoking and HLA-DRB1 SE alleles and the
R620W polymorphic form of PTPN22, respectively, with regard to the risk of
developing ACPA+/ACPA- RA. And to investigate potential dose-dependent
relationship between smoking and ACPA+/ACPA- RA with consideration
taken to the presence of HLA-DRBI1 SE alleles

Investigate the potential gene-gene interaction between the HLA-DRB1 SE
alleles and the R620W polymorphic form of PTPN22 with consideration taken
to smoking and ACPA status.

Investigate if alcohol consumption is associated with decreased risk for
developing RA with consideration taken to ACPA status and to investigate its
possible interaction with smoking and SE alleles.



3 METHODS AND MATERIAL

This thesis is mainly based on an epidemiological study called EIRA (Epidemiological
Investigation of Rheumatoid Arthritis).

In paper II we also used information from two other studies, NARAC (North American
Rheumatoid Arthritis Consortium) and Leiden EAC (Leiden Early Arthritis Clinic).
Furthermore, in paper III we also used information from a Danish case-control study
called the CACORA study (the CAse-COntrol of Rheumatoid Arthritis study).

3.1 THE EIRA STUDY

EIRA is a population based case-control study that is being carried out in the south and
middle of Sweden. The EIRA study started in May 1996 and is still on going.
Information regarding life style, environmental exposures, education etc. was collected
by using an extensive questionnaire and by taking blood samples from incident cases
and controls. Cases were identified at public and privately run clinics and asked by the
corresponding personnel if they wanted to participate. Cases were diagnosed according
to the 1987 ACR (American College of Rheumatology) criteria. Each case is asked to
contribute with blood samples at the corresponding clinic. For each case we randomly
select one control from the study base that is matched to the case, in terms of age, sex
and living area. We selected controls from the national population register. This register
has complete coverage over the Swedish population and is continuously updated. Each
control was asked to contribute with a blood sample taken by local medical wards. If a
control is not traceable, refused to participate or report having RA a new control is
selected from the register. Both cases and controls were supposed to be sufficiently
fluent in Swedish to be able to answer the questionnaire.

Blood samples from both cases and controls were posted to the Rheumatology
Research laboratory at Karolinska Institutet for further handling and analysis.

The projects in this thesis are based on two generations of data from the EIRA study.
The earlier data generation was collected during May 1996 — June 2001 and consists of
930 cases and 1126 controls. In the later generation information from additional 489
cases and 548 controls collected until the end of December 2003 has been added.
Information on environmental exposures, length, weight, life events, occupational-,
disease- and injury-history from cases and controls has been retrieved by sending all
participants identical questionnaires. Questions without answers in the returned
questionnaire have been completed thru telephone interviews performed by interview
trained personnel. The questions we used for smoking and alcohol consumption in
EIRA, used for analyses in the present thesis, are displayed in appendix 1. For more
information regarding study design and impact of non-participation I highly
recommend another thesis based on the EIRA study by Camilla Bengtsson [64]

3.2 THE NORTH AMERICAN RHEUMATIOD ARTHRITIS CONSORTIUM
(NARAC)

This collection of prevalent cases with theumatoid arthritis recruited from the whole
United States is based on families in which at least two siblings were affected by RA
according to the 1987 ACR criteria. Cases were investigated by trained NARAC
personnel at the 12 nationwide NARAC centres. The family based study design is a



common study design to use in the search of allelic forms of genes involved in the
disease process. More information regarding NARAC is given elsewhere [47, 65]. We
only used unrelated cases from the NARAC study since the obvious correlation
between siblings may cause problems in terms of inflated odds ratios if not considered
in the models. These RA cases were matched on age, sex and ethnicity to and healthy
controls from the New York cancer project (NYCP). The NYCP is an ongoing cohort
study that is based on information from enrolees aged 30 years or more, who live in the
New York Tri-State area and have literacy sufficient to complete a mailed
questionnaire containing simple questions on topics such as substance use and
demographic information among others. More details regarding NYCP are provided
elsewhere [66].

3.3 THE LEIDEN EARLY ARTHRITIS CLINIC (LEIDEN EAC)

This cohort consists of cases with RA in the semi-rural area of Leiden in the
Netherlands. Leiden EAC was started in 1993 in order to detect and treat inflammatory
disorders (especially RA) early. General practicing MDs was informed to pass on
patients with suspected arthritis to a rheumatologist for evaluation. If arthritis was
confirmed by rheumatologists and the symptoms of arthritis had not been present for
more than two years the patients was invited to participate in the cohort. Blood
samples, as well as other information such as medical history, smoking etc were
collected repeatedly. More detailed information regarding Leiden EAC is given
elsewhere [67]. To these RA cases we used hospital based controls with and without
deep venous thrombosis as controls. More details regarding the original study in which
the controls were recruited is given elsewhere [68].

3.4 THE DANISH CACORA STUDY

The CACORA study is a Danish case-controls study that is based on information from
RA patients identified in internal medicine and rheumatology departments throughout
Denmark. All patients that were included were between 18 and 65 years of age and
fulfilled the 1987 ACR criteria regarding RA. The cases were not supposed to have had
their RA diagnose for more than five years before inclusion. Controls were chosen
from the Danish civil registry. Controls alive during the recruitment period were
matched to each case on sex and birth year. Eligible controls were then randomly
selected from a list of eligible individuals born between 1921 and 1985. A detailed
description over the CACORA study is given by Pedersen elsewhere [69].

3.5 GENOTYPING AND BIOLOGICAL PARAMETERS

Blood samples from study participants were genotyped for HLA-DRB1 and PTPN22
genes. Among the HLA-DRBI1 alleles, DRB1*01, DRB1*04 and DRB1*10 was
defined as SE genes [51]. In the case of the PTPN22 gene, the R620W (CC — CT or
TT) form was defined as the allelic version of the gene.

In EIRA (paper I-IV) we used the sequence specific primer polymerase chain reaction
(SSP-PCR) method [70] to perform HLA-DRBI specific DNA analysis. For practical
reasons we only used low resolution analysis regarding HLA-DRB1 SE alleles. In the
beginning of the study a sub sample of 81 cases were sub typed for specific HLA-
DRBI1*01 and 04 SE alleles. 89 percent of the HLA-DRB1*01 was HLA-DRB1*0101
and 98 percent of the HLA-DRB1*04 was *0401, *0404, *0405 or *0408.



The same method as used in EIRA regarding HLA-DRBI1 genotyping was also used for
NARAC. In Leiden EAC (paper II) PCR was also used but with biotin-labeled
oligonucleotides (PCR-biotin-SSO) [71]. In the CACORA study SSP-PCR was also
used according to a fourth method [72].

All genotyping for EIRA, NARAC and Leiden EAC regarding PTPN22 (paper II) was
performed by use of kinetic, allele specific PCR [73]. All these analyses were
performed in the USA with an average genotyping completeness of 97.8 percent.

For simplicity of evaluation, we assumed a dominant A-allele model for R620W
PTPN22 polymorphism and a dominant HLA-DRB1 SE allele model. Subjects with
HLA-DRBI SE alleles were classified as having single or double SE alleles for a
separate evaluation of a potential gene dosage effect.

Analysis of ACPA for samples from EIRA (paper I-IV) as well as samples from the
Leiden EAC (paper IT) and CACORA (paper IIT) was made with the Immunoscan-RA
Mark?2 enzyme-linked immunosorbent assay (ELISA) (Euro-Diagnostica, Malmo,
Sweden). Cases with serum antibody levels above 25 U/ml were regarded as positive
(anti-CCP+ or ACPA+). Rheumatoid factor status for cases was determined using
standard procedures.

Antibodies towards CCP in NARAC (paper II) cases were measured using a second-
generation commercial anti-CCP ELISA (Inova Diagnostics, San Diego, CA, USA).
Cases with antibody levels over 20 U/ml were regarded as anti-CCP positive.

3.6 ENVIRONMENTAL EXPOSURES AND RHEUMATOID ARTHRITIS

In this thesis we have focused on environmental exposures associated with life style
factors such as smoking and alcohol consumption.

3.6.1 Smoking

In EIRA each case was given an index year, which was defined as the year when RA
symptoms occurred. The cases corresponding index year was also given to the matched
control. If a participant started smoking after the index year the participant was
considered to be unexposed to smoking. Regarding calculation of smoking doses and
duration, only the time of smoking exposure before the index year were considered as
the time for exposure. We categorized smoking into ever and never smokers in paper I-
IV. In paper I and IV we also estimated the cumulative dose of smoking through
number of pack years smoked, classified into three groups (in paper I: (0-5, >5-10 and
>10 pack years), in paper IV (0-9.99, 10-19.99 and >19.99 pack years). One pack year
was equivalent to smoking 20 cigarettes per day for one year.

In paper III, information regarding smoking exposure from the CACORA study was
categorized into ever and never smokers by using pseudo-year which is consistent with
the procedure for constructing index year as used in EIRA and described earlier.

3.6.2 Alcohol

In EIRA alcohol consumption was estimated through questions regarding consumption
of different alcoholic beverages (in centilitres (cl)) during the week prior to filling in
the questionnaire and if the participants had consumed alcohol during the latest 12
months. For each beverage we calculated unit values per week based on following



procedures (all amounts are in cl): amount beer/33 (equals one bottle of beer), amount
of wine/20 (equals one glass), amount of strong wine/5 (one small glass), and amount
of liquor/5 (one small glass). All these units were the added to estimate weekly
consumption for each person. Based on alcohol consumption distribution among the
controls we formed four categories: non-drinkers (eg. not having consumed alcohol
during the last 12 months), low consumption > 0-2.9 units or drinks per week (0- 50 %
up to the median), moderate consumption 2.9-4.9 units or drinks per week (~50- 75 %
the third quartile) and high consumption > 4.9 units or drinks per week (~75 %-100 %
the fourth quartile). These categories were then used to estimate the odds ratio
regarding alcohol consumption and risk of developing RA. We also asked one question
regarding if the consumption was representative for a usual week or if it was more or
less than usual.

In CACORA the questions regarding alcohol consumption 10 years prior to inclusion
in the study was used to form categories in the same way as for EIRA (eg. consumption
among the controls in CACORA). In CACORA the units in the questions was glasses
and not in centilitres.

3.7 CONFOUNDERS

We also investigated if our analysis were influenced by potential confounding from
social economic status; body mass index, marital status, parity and oral contraceptive
use (Paper I). These adjustments had minor influence on the estimates and were not
retained in the final analysis. In paper III we adjusted for confounding from smoking
by using a variable that was classified into the following categories: ever and never
smoker. The social class variable was based on the last occupation held. In this thesis
we also adjusted for potential confounding from use of oral contraceptives (ever,
never), parity (ever, never), silica exposure (ever, never), body mass index (BMI) over
25 (yes, no) and having a degree from a university based education (yes, no). The
results from analyses with concomitant adjustment for all potential confounders are not
presented in general, since the reported estimates in paper I-IV were practically the
same with or without such adjustment.

3.8 STATISTICAL ANALYSIS

We primarily used logistic regression models [74-75] to estimate odds ratios together
with 95% confidence interval by using the proc logistic procedure in the 9.1 edition of
SAS (statistical analysis system) in paper II-IV and the SAS edition 8.2 in paper 1. All
of the analyses were adjusted for the matching variables (age, gender and living area)
by adding these variables to the logistic model. All results displayed are based on
unconditional regression analysis. We did however, calculate the matched odds ratios
by using conditional logistic regression, but decided to only present the estimates based
on unconditional logistic regression. In general, there were no differences between ORs
based on unconditional as compared to conditional logistic regression, besides slightly
lower estimates (in some analyses) and wider confidence intervals when analysis was
based on conditional likelihoods, especially seen when different RA subgroups were
analysed. In paper I we present relative risks even though we have calculated odds
ratios. Odds ratios can be interpreted as estimates of relative risks, in terms of incidence
rate ratio, when using incident cases from a defined study base and selecting controls
randomly continuously from the same study base [74].

10



3.8.1 Interaction and the pie model

Interaction between genetic differences (between alleles, haplotypes) and
environmental exposures were evaluated primarily by using Rothmans definition of
interaction as a deviation from additivity of effects (biological interaction) [76] (paper
[-IV) In order to quantify the amount of biological interaction, we calculated the
attributable proportion due to interaction (AP) together with a 95% confidence interval
[77]. Attributable proportion is the proportion of the incidence among persons exposed
to two interacting factors that is attributable to the interaction per se (i.e. reflecting their
joint effect beyond the sum of their independent effects). Additive interaction is
displayed in the context of the ‘pie model’. The pie model was originally described by
Kenneth Rothman in the late 70’s. The model is based on the assumption that each
disease has one or many causes. If one cause is enough to induce disease then this
cause is a sufficient cause. This is illustrated by one pie being filled with only one cause
component or factor (this could be one example of a monogenetic disease, where the
sufficient cause is the susceptibility allele). A complex disease is made up by many
different sufficient causes or pies, where several contributory causes act together with
each other in different constellations. In order to describe interaction between two
factors, say A and B, with regard to a specific disease, let us divide all sufficient causes
(i.e pies) for that disease into four classes. First there is a set of sufficient causes that
neither contain A or B, but other factors denoted by U. Second, a set of sufficient
causes that contain A, but not B (together with other complimentary causes still
denoted by U), and third, the set of sufficient causes that contain B but not A, and
finally a set of sufficient causes that concomitantly contain A and B (figure M1). Now,
the incidence among those unexposed to both A and B corresponds to the occurrence of
the first class of pies. The incidence among those exposed to A but not B to the
occurrence of the first two sets of pies. The incidence among those exposed to B but
not A to the occurrence of the first and third set and finally the incidence among those
exposed to both A and B depends on the occurrence of all four subsets of sufficient
causes. The attributable proportion due to interaction (AP) estimates the relative
contribution of the fourth set of pies, i.e. the set of pies where the concomitant presence
of both A and B are required to cause disease [76].

Figure M1




RR,, —RR, —RR, +1
RR,,

AP =

Where RR, is the relative risk associated with exposure to A in the absence of B, RRp
the relative risk associated with exposure to B in the absence of A, and RRag the
relative risk associated with the concomitant exposure to both A and B.

AP > 0 indicates that there is evidence for additive interaction. Confidence intervals for
AP were estimated by calculating a symmetrical confidence interval by using the
formulas developed by Hosmer and Lemeshow [77]. We primarily used a modified
version of a SAS program [78] to calculate interaction effects. But, we have also used
and developed other programs and applications to calculate measures of interaction
[79-80]

Paper 11

In the second paper (Gene-gene and gene-environment interactions involving HLA-
DR, PTPN22 and smoking in two subsets of rheumatoid arthritis) we calculated
interaction between SE genes and the R620W PTPN22 defined in three different ways.
The first definition corresponds to the previously described definition (see under the

subscript interaction). The two other definitions were: deviation from multiplicity [74]
and deviation from independency of penetrance [81]. Deviation from multiplicity
means that interaction is present if the odds ratio of having both the alleles is greater
than the product of the odds ratios of the two separate alleles (figure M2).

Deviation from independency of penetrance means that interaction would be present if
the penetrance of having both alleles is greater than the product of the separate allelic
penetrance. Penetrance means that the gene is associated with a certain phenotype
among cases (figure M3). In figure M3 the probability P(A;n A») is the probability of
allele A; and A, being expressed through a certain trait (phenotype).

Figure.M2. Multiplicative model:
logit(P(Y =y,AB,AB))=a + f, x A+ Sy xB+ S,z xAxB+¢

In this thesis we consider multiplicative interaction to be present if the following
condition is fulfilled:

OR,; >OR, xORy orif f,; >0 inthe multiplicative logistic model above (given
ORA and ORB > 1)

Figure.M3. Independence of penetrance:

Gene 1l Gene 2
Allele A; Allele G, Marginal
probability
Allele A] P(A]ﬁ Az) P(A]('\ G2) P(A])
Allele G] P(G]ﬂ Az) P(G]ﬁ Gz) P(G])
Marginal P(A,) P(Gy) 1
probability

Deviation from independency (if the following condition

holds): P(A, " A)) # P(A)x P(A,)
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3.8.2 Additional measures and statistical methods

Paper IV

In the fourth paper we used excess fraction percent (EF%) to estimate the contribution
of smoking to RA in the population [82]. The formula for excess fraction percent is
given by:

EF% =P, « (RRe 1)

RR:
Where Py is the proportion of cases being exposed and RRg; is the relative risk
associated with the exposure.
In the third paper we also estimated the trend for alcohol consumption and risk of
developing RA as proposed by Armitage [75]. Basically, this means that we
constructed a variable with integers from zero to three, where zero represented no
consumption, one equals more than 0 but less than or equal to 2.9 drinks per week, two
equals more than 2.9 up to 4.9 drinks per week and finally, three represented
consuming more than 4.9 drinks per week. This variable was then used in a logistic
regression model to estimate a trend associated coefficient. This procedure for
estimating trend was also used in the fourth paper.

13



4 RESULTS

The results are primarily based on results from EIRA, but we have used additional
materials in all studies except in paper IV, which was entirely based on EIRA.
Regarding EIRA, the participation proportion was 96 percent for cases and 82 percent
for the controls. A total of 1419 cases and 1674 controls have answered the
questionnaire from May 1996 to December 2003. Regarding blood samples, the blood
contributing proportion was 92 and 63 percent for cases and controls respectively. In
paper I we used information from a shorter recruitment period for EIRA than in paper
II-IV. Some basic characteristics for the major studies used in this thesis are displayed
in table RO.

Table RO. Some basic characteristics for the major studies included in the thesis.

Paper Study # cases/controls ACPA +cases HLA-DRB1SE  Sex Age (Std)
(%) (%) (%)
cases/controls
Paper | EIRA 913/631 61 73/54 72 51 (12.5)
Paper 11 EIRA 1183/793 61 74/52 73 51.5(12)
Paper I1 NARAC 430/793 81 86/43 82 58 (12)
Paper 11 Leiden 364/881 57 70/44 60 50 (15)
EAC
Paper II1, EIRA 1204/871 61 74/53 73 51.5(12)
v
Paper 111 CACORA  444/533 69 75/53 65 49.5(11.5)
4.1 PAPERI

Only the main results from paper I are presented in this section. Additional information
is located in the complete paper under the paper I section in this thesis.

We observed a dose-response relationship between proportion of cases with ACPA+
RA and amount of cigarette pack-years smoked. The proportion of ACPA+ cases was
also higher depending on number of HLA-DRBI1 SE alleles.

We also found citrullinated proteins in BAL cells from smokers as compared to non-
smokers.

Presence of HLA-DRBI1 SE alleles and smoking was associated with high risks for
developing ACPA+ RA. Having two copies of HLA-DRBI1 SE alleles and a history of
smoking conferred an odds ratio of 21 with a corresponding 95 % confidence interval
of: 11.0 - 40.2. The interaction between HLA-DRBI1 SE and smoking was observed for
men and women separately. Interaction as measured through AP was found for
smoking and one or two copies of HLA-DRBI SE alleles in a dose-dependent way
regarding ACPA+ RA. As regards ACPA- RA, we did not find any increased risk,
neither for smoking nor for HLA-DRBI1 SE or an interaction between them.. These
results are displayed in table R1.
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Table R1. Relative risk (RR) with 95% confidence interval (95% CI) of developing RA for subjects (men and women) exposed to different combinations of smoking and SE alleles
compared with never smokers without SE alleles. Attributable Proportion due to interaction (AP) with 95% CI for the interaction between smoking and SE alleles (single, double).

Anti-ccp Positive (ACPA+) RA**
No SE Single SE Double SE
ca/co* RR 95% ClI cal/co* RR 95% ClI ca/co* RR 95% ClI
Never 20/87 1.0 - 72/104 33 1.8-5.9 36/31 5.4 2.7-10.8
smokers
Ever smokers 58/184 1.5 0.8-2.6 192/146 6.5 38-114 126/31 21.0 11.0-40.2
AP 0.4 0.2-0.7 0.7 0.5-0.9
Anti-ccp Negative (ACPA-) RA**
No SE Single SE Double SE
cal/co*
calco* RR 95% CI ca/co* RR 95% CI RR 95% CI
Never 65/87 1.0 - 64/104 0.8 05-1.3 18/31 0.7 04-15
smokers
Ever smokers 84/184 0.6 04-1.0 76/146 0.8 05-1.2 18/31 0.8 04-1.7

* ca/co = number of exposed cases/number of exposed controls

** RR adjusted for age (10 strata), gender and residential arca
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4.2 PAPERII

In this paper we investigated if there are interaction between the two most established
genetic risk factors for RA, HLA-DRBI1 SE and R620W PTPN22 alleles in relation to
different phenotypes of RA. Three different populations (one Swedish (EIRA), one
North American (NARAC) and one Dutch (Leiden EAC)) were used to estimate
interaction between the alleles. This paper also included estimation of interaction based
on three different definitions of interaction (additive, multiplicative and deviation from
independency of penetrance). Smoking was also considered in combination with the
two susceptibility alleles in the Swedish EIRA study.

Interaction, defined as additive interaction measured through attributable proportion
due to interaction, between HLA-DRB1 SE and R620W PTPN22 alleles was found in
all three populations. This interaction was restricted to ACPA+ RA. We also found
evidence for interaction, defined as deviation from linkage disequilibrium, in EIRA and
NARAC separately and multiplicative interaction when data from all three studies were
combined in one analysis. These analyses are displayed in table R2.1.

When investigating the presence of potential interaction between smoking and the
R620W PTPN22 allele in EIRA, no evidence for interaction was found either for the
ACPA+ or for the ACPA- RA subset. These results are presented in table R2.2.

Further analysis including smoking HLA-DRB1 SE and R620W PTPN22 alleles
indicated strong interaction between HLA-DRB1 SE and R620W PTPN22 alleles as
well as between HLA-DRB1 SE and smoking regarding ACPA+ RA. No interaction
was found in the ACPA- subset. Odds ratios for ACPA+ and ACPA- are displayed in
figure 2.1a and 2.1b, respectively.
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Table R2.1 . Odds ratios for developing ACPA positive RA according to presence or absence of minor
R620W PTPN22 and HLA-DRBI SE alleles, respectively. Tests for interaction between these susceptible
alleles according to three different methods. Results displayed for the EIRA, NARAC and the Leiden

EAC studies separately, as well as pooled.

EIRA
R620W PTPN22 HLA-DRB1 Number of OR? 95%CI°®
Susceptible allele SE allele cases/controls
None None 75/284 1.0 .
None Any 416/330 5.0 3.7-6.7
Any None 31/95 1.2 0.8-2.0
Any Any 199/84 9.9 6.8—14.3
Deviation from additivity p <0.001
AP © together with 95 % CI® 0.5(0.3-0.7)
Deviation from multiplicity P=0.06
Deviation from independency of penetrance p=0.022
NARAC
R620W PTPN22 HLA-DRB1 Number of ORY  95%CI°
Susceptible allele SE allele cases/controls
None None 28/348 .o
None Any 206/267 93 6.0-143
Any None 8/69 1.5 06-34
Any Any 105/47 30.2 17.6-51.9
Deviation from additivity p <0.001
AP © together with 95 % CI® 0.7 (0.5-0.9)
Deviation from multiplicity p=0.05
Deviation from independency of penetrance p=0.035
Leiden EAC
R620W PTPN22 HLA-DRB1 Number of OR® 95%CI "
Susceptible allele SE allele cases/controls
None None 28/413 .o
None Any 122/316 5.7 3.7-89
Any None 9/83 1.5 0.7-33
Any Any 48/69 11.0 6.4-19.0
Deviation from additivity p=0.0016
AP © together with 95 % CI® 0.4(0.1-0.7)
Deviation from multiplicity p=0.29
Deviation from independency of penetrance p=0.76
EIRA + NARAC+ Leiden EAC
R620W PTPN22 HLA-DRB1 Number of OR*® 959%CI "
Susceptible allele SE allele cases/controls
None None 131/1045 .o
None Any 744/913 6.1 49-175
Any None 48/247 1.4 1.0-2.1
Any Any 352/200 13.2 102-17.2
Deviation from additivity p <0.001
AP © together with 95 % CI® 0.5(0.4—0.6)
Deviation from multiplicity p=0.025
Deviation from independency of penetrance p=0.027
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* Odds ratio adjusted for age, sex and living area (only EIRA)
® 95 percent confidence interval

¢ Attributable proportion due to interaction (AP)

4 0dds ratio adjusted for age, and sex

© Odds ratio adjusted for age, sex and study

Table R2.2 Odds ratios for smoking and the R620W PTPN22 allele regarding risk of developing
ACPA+/ACPA- RA.

No R620W PTPN22 Any R620W PTPN22
Smoking status No. of exposed OR* (95 % CI) No. of exposed OR* (95 % CI)
cases/controls cases/controls
ACPA+
Never smokers 135/251 Referent 74/64 22(1.5-3.4)
Ever smokers 385/368 2.1(1.6-2.7) 165/115 2.92.1-4.1)
ACPA-
Never smokers 160/251 Referent 42/64 1.0 (0.6 —1.5)
Ever smokers 199/368 0.9(0.7-1.1) 76/115 1.1 (0.8—1.6)

* Odds ratio adjusted for age, sex and living area.
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Fig 2.1A. Anti-CCP positive RA
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Fig 2.1B. Anti-CCP negative RA
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Figure 2.1. Histograms on odds ratios for developing anti-CCP positive RA (Fig 1A)
and anti-CCP negative RA (Fig 1B) for different combinations of absence or presence

of R620W PTPN22, single or double HLA-DRBI1 SE alleles and smoking (based on

the EIRA study).
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4.3 PAPERII

In paper III data from two studies (the Swedish EIRA and the Danish CACORA) were
used to investigate the association between alcohol consumption and risk of developing
RA. The alcohol consumption differed between the controls in EIRA and CACORA,
the Danish controls drank more than Swedish controls (table R3.1). The categories
displayed in table R3.1 were used to classify cases and controls in the corresponding
studies for further analysis.

Table R3.1. Alcohol consumption categories among controls in EIRA and CACORA

Alcohol consumption

Alcohol consumption

EIRA (units/week)

CACORA

quartile distribution categories (units/week)
None Non-drinkers | .......... |
<= median Low 0-2.9 0-5
Median<cons.<=third Moderate >2.9-49 >5-12
quartile

> third quartile High >4.9 >12

In order to investigate changes in alcohol consumption patterns due to disease duration,
we investigated the proportions of cases with low, moderate and high alcohol
consumption based on duration of symptoms and found that the alcohol consumption
were similar and the largest group was low consumers irrespectively of symptoms

duration (table R3.2).

Table R3.2. Alcohol consumption among EIRA cases by symptom duration

Alcohol consumption among RA cases

Duration of # cases Low Moderate High Total
symptoms (%)None

(Months)

<=1 3(30) 5(50) 1 (10) 1 (10) 10 (100)
1-2 8 (17) 22 (48) 8 (17) 8 (17) 46 (100)
2-3 18 (17) 55(51) 18 (17) 17 (16) 108 (100)
3-4 19 (16) 70 (59) 13 (11) 16 (14) 118 (100)
4-5 14 (11) 69 (55) 25 (20) 17 (14) 125 (100)
5-6 14 (13) 62 (60) 20 (19) 8(8) 104 (100)
6-7 16 (15) 55 (53) 14 (13) 19 (18) 104 (100)
7-8 14 (13) 60 (56) 14 (13) 20 (19) 108 (100)
8-9 15 (16) 52 (56) 12 (13) 14 (15) 93 (100)
9-10 5(8) 46 (70) 6(9) 9(14) 66 (100)
10-11 14 (23) 33 (55) 8 (13) 5(8) 60 (100)
11-12 12 (19) 36 (56) 8 (13) 8 (13) 64 (100)
>=12 30 (15) 109 (55) 24 (12) 35 (18) 198 (100)
Totalt 182 (15) 674 (56) 171 (14) 177 (15) 1204 (100)

We found a dose-dependent association regarding increased alcohol consumption and
decreased odds ratios for RA in both EIRA and CACORA. The effect was more
pronounced in the ACPA+ RA group.
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In EIRA there were similar patterns for ACPA+ and ACPA- for the odds ratios except
in the non-drinking group, in which the non-drinkers had higher odds ratio for ACPA+
RA than ACPA- RA. Odds ratios for alcohol consumption and different phenotypes of
RA are displayed in table R3.3.

A significant interaction as measured through AP was found between smoking and no
alcohol consumption regarding risk of developing ACPA+ RA in both EIRA (AP: 0.6
(95% CI: 0.5 - 0.7)) and CACORA (AP: 0.4 (95% CI: 0.3 - 0.5)). In addition to the
observed interaction between smoking and alcohol, we also found interaction between
homozygous HLA-DRB1 SE alleles and no alcohol consumption in both EIRA and
CACORA. The odds ratios for different combinations of all factors (HLA-DRBI1 SE,
smoking and alcohol) are displayed in figure 3.1
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Table R3.3. Odds ratio (OR) with 95% confidence interval (95% CI) of theumatoid arthritis for subjects in different alcohol consumption categories, by ACPA status and study (EIRA

and CACORA)
EIRA CACORA
Alcohol Consumption | exp ca/co* ORt 95 % ClI OR*% 95 % CI exp ca/co*  ORfT 95 % CI OR*% 95 % CI
RA overall
Non-drinkers 182/109 1.0 0.8-1.3 1.1 0.8-14 80/54 1.7 1.1-25 1.7 1.1-25
Low 674/396 10§ ... 10§ ol 186/215 10§ ol 10§ ol
Moderate 171/175 0.6 0.4-0.7 0.6 0.4-0.7 111/134 1.0 0.7-13 1.0 0.7-13
High 177/190 0.5 04-0.6 0.5 04-0.6 67/130 0.7 04-1.0 0.6 04-09
Trend p<0.0001 p<0.0001 p=0.0006 p=0.0003
ACPA-positive RA
Non-drinkers 120/109 1.2 09-1.6 1.3 1.0-1.8 62/54 2.0 1.3-3.0 2.0 1.3-3.1
Low 410/396 10§ 10§ e, 125/215 10§ 10§ e,
Moderate 97/175 0.5 0.4-0.7 0.5 0.4-0.7 77/134 1.0 0.7-14 1.0 0.7-14
High 108/190 0.5 04-0.7 0.5 0.3-0.6 44/130 0.6 04-09 0.6 04-09
Trend p<0.0001 p<0.0001 p<0.0001 p<0.0001
ACPA-negative RA
Non-drinkers 62/109 0.9 0.6-13 0.9 0.6-13 18/54 1.1 0.6-2.1 1.1 0.6-2.1
Low 264/396 10§ e 10§ ol 61/215 10§ ol 10§ ol
Moderate 74/175 0.7 0.5-0.9 0.7 0.5-0.9 34/134 0.9 0.6-1.5 0.9 0.6-15
High 69/190 0.5 04-0.7 0.5 04-0.7 23/130 0.9 05-1.5 0.9 05-1.5
Trend p=0.0004 p=0.0005 p=0.46 p=0.43

* Number of exposed (exp) cases (ca) and controls (co), T Odds ratio adjusted for sex, age and residential area (EIRA only),{ Odds ratio adjusted for sex, age, smoking (never/ever)

and residential area (EIRA only), § Reference category.
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In order to investigate if OR for developing RA was different depending on NSAID or
Methotrexate treatment or not, we performed stratified analysis based on these
treatments among the cases. There were no major differences regarding ORs associated
with alcohol consumption based on treatment with NSAID or Methotrexate in cases

(table R3.4)

Table R3.4 Odds ratios for alcohol regarding risk of developing ACPA positive and ACPRA negative
RA according to different treatments among the cases (Only EIRA)

Alcohol consumption, with NSAID, Methotrexate treatment

Alcohol consumption ACPA status Exp ca/co* OR{ 95 9% ClI
None Positive 66/109 1.0 07-13
Low Positive 246/396 Ref ...
Moderate Positive 53/175 0.6 04-0.7
High Positive 67/190 0.6 04-0.8
None Negative 24/109 0.6 04-1.0
Low Negative 145/396 Ref ...
Moderate Negative 38/175 0.7 0.5-1.0
High Negative 32/190 0.5 03-0.8
Alcohol consumption, without NSAID, Methotrexate treatment
Alcohol consumption ACPA status Exp ca/co* ORTY 95 9% CI
None Positive 54/109 1.3 1.0-19
Low Positive 164/396 Ref ...
Moderate Positive 44/175 0.7 05-1.0
High Positive 41/190 0.5 03-0.6
None Negative 38/109 1.1 0.7-1.6
Low Negative 119/396 Ref ...
Moderate Negative 36/175 0.6 04-09
High Negative 37/190 0.5 04-0.8

* Number of exposed cases (ca) and controls (co)

9/ Odds ratios adjusted for age, sex and living area.
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Figure 3.1a
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Figure 3.1: Histograms showing odds ratios (OR) of ACPA-positive RA for different
combinations of alcohol consumption (three categories), smoking (never/ever) and
presence or absence of HLA-DRB1 SE alleles compared with never smokers with low

alcohol consumption (0.1-4.9 drinks/week) and without SE alleles, by study (EIRA fig
3.1a and CACORA fig 3.1b).
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4.4 PAPER IV

In this paper interaction between smoking and HLA-DRB1 SE alleles regarding
increased risk of developing ACPA+ RA was investigated further by investigating
different amounts of smoking as measured by pack-years. All analysis presented here
are restricted to the ACPA+ RA group.

The increased risk of ACPA+ RA due to smoking was observed to decrease along with
the duration of time since cessation. Among women the trend was statistically
significant (p trend .002), but not among men (p trend 0.14). Among women, twenty
years after smoking cessation, there was no longer a significantly elevated risk whereas
an increased risk was maintained among men (RR 2.1, 95% CI 1.1-4.0)

A strong interaction between smoking and HLA-DRBI1 SE alleles was observed. A
clear dose-dependent association between smoking and risk of developing ACPA+ RA
was observed among all HLA-DRB1 SE genotypes, 1.e. both among those without SE
alleles, as well as those being heterozygous or homozygous for HLA-DRBI1 SE alleles.
The highest OR was seen in smokers having smoked more than 19.99 pack years and
being homozygous for HLA-DRBI SE alleles (OR: 37.6 (95% CI: 18.3-77.4).
Different amounts of pack years smoked without considering HLA-DRBI1 SE alleles
status was associated with ACPA positive RA in a dose response manner, with the
highest OR for ever smokers who had smoked more than 19.99 pack years. Smoking
more than 19.99 pack years among those without the HLA-DRB1 SE alleles was
associated with an increased OR of 1.9 (95% CI:1.1 - 3.5). This indicates that heavy
smoking seems to be a risk factor for ACPA+ RA even without the presence of HLA-
DRBI SE alleles.(table 4.1)

The hypothesised proportion of ACPA+ RA cases that could be attributable to smoking
was estimated to 35 percent indicating that smoking prevention would reduce the
incidence of ACPA+ RA significantly if hindered. This corresponds to a reduction of
20 percent of all RA cases. Furthermore, in the group homozygous for HLA-DRB1 SE
alleles smoking was estimated to be attributable for 55 percent of the ACPA+ RA
cases. We did not find the same pattern in the ACPA- subset of RA.
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Table R4.1. Odds ratios and attributable proportions due to interaction for different doses of smoking and HLA-DRBI SE alleles, regarding the risk to develop ACPA positive RA.

No SE Heterozygotic SE (SSE) Homozygotic SE (DSE)
Smoking dose No. case/controls OR* (95 % CI) No. case/controls OR* (95 % CI) No. case/controls OR* (95 % CI)
No Smoke 38/154 1.0 (REF) 107/150 3.2(2.0-49) 62/43 6.3(3.7-10.9)
<9.99 pack years 25/104 1.0 (0.6 - 1.8) 80/96 34(2.1-5.6) 54/19 12.0 (6.2 - 23.0)
AP** L e 0.09 (-0.32-0.49) ...l 0.47 (0.12 - 0.83)
9.99>pack-years< 18/68 1.2(0.6-2.2) 83/56 73(43-124) 43/10 24.6 (10.9 - 55.8)
19.99
AP*¥* L e 0.53(0.30-0.76) ..., 0.73 (0.50 - 0.95)
>19.99 pack years 30/87 1.9 (1.1-3.5) 112/71 8.7(5.3-14.4) 83/13 37.6 (18.3-77.4)
AP** L e 0.51(0.31-0.72) ...l 0.80 (0.67 - 0.94)
p-value for trend (OR) P=0.11 p <0.0001 p <0.0001

* Adjusted for gender, age and living area

** Attributable proportion due to interaction with 95 % confidence interval
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5. DISCUSSION

Our results points out that there are gene-environment and gene-gene interaction, in
terms of developing serological defined types of RA. This type of reasoning is probably
true for many complex diseases with multi factorial aetiology. Interestingly, our results
regarding an interaction between smoking and HLA-DRBI1 SE for developing ACPA+
RA has been confirmed in a Dutch study, a Danish study, and to some extent in a
French study [32, 60, 33]. The Dutch and the French studies are case-only studies
which might dilute the associations. In the French study there is a higher prevalence of
HLA-DRBI SE alleles in the ACPA- group (68 %) as compared to the EIRA study (57
%) and Leiden EAC (53 %). The combination of SE alleles, smoking and ACPA+ RA
has also been associated with increased hazard ratios for CVD related death [83], which
might indicate that there is an association between SE, smoking and ACPA, regarding
amount of inflammation.

Our results suggest that smoking is involved in the process of citrullination of self
peptides and that SE genes is associated with increased affinity to citrullinated self
peptides, eventually leading to autoimmune reactions and disease.

In the paper IV we also observed a strong dose response relationship within different
categories of SE alleles and that smoking a lot may be a risk factor for ACPA+ RA
without the presence of SE alleles. We also concluded that smoking is a major
preventable factor for RA, which could, if hindered, decrease the proportion of new
ACPA+ RA cases by approximately 35 percent.

The gene-gene interaction between HLA-DRB1 SE and R620W PTPN22 regarding
risk of developing anti-CCP+ RA, based on the EIRA material was also confirmed by
the results we obtained when we analysed material from NARAC and Leiden EAC.
The interaction between SE and R620W PTPN22 alleles suggests that disease onset is
likely to happen be some sort of MHC II dependent T-cell activation, where the
R620W PTPN22 allele is associated with the threshold for T-cell activation in the RA
subset characterised by presence of ACPA. In addition to our results one large UK
study has reported gene-gene interaction between HLA class I and PTPN22, regarding
diabetes type I, which is also considered to be an autoimmune disease [84]

Our results regarding alcohol consumption and the attenuation of the risk factors
smoking and HLA-DRBI SE alleles for RA has not yet been confirmed in any study.
Notable is though that a Korean study found alcohol consumption to be associated with
less extra articular manifestations in RA cases [85]. Additionally, the evidence for
alcohol being an immunological attenuator is convincing. [36]

There are however some question marks regarding study design, recruitment, data
management, data-, and biological-, analysis that needs to be discussed before we
proceed and draw firm conclusions.
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5.1 METHODOLOGICAL AND STUDY DESIGN CONSIDERATIONS

One potential source of bias is related to missing cases that should be included in the
study. RA cases that are: not referred to rheumatologists, have other diseases that are
considered to be more important than RA, have died or not meet a doctor at all, are all
potential threats to the generalizibility or external validity of the study. Hopefully, these
problems have a minor impact on our study but it is hard to estimate the effect.
Bengtsson et al. have investigated characteristics of participating, non-participating
cases and controls, respectively, with regard to demographic and socioeconomic
variables. They found that non participating cases were in general older than
participating cases. Among controls, the non participators were more likely to be male,
being slightly younger, unmarried and living in urban areas as compared to
participators. While, having a low income, not being born in Sweden and being less
educated was associated with non-participation in both cases and controls. The
observed differences were considered to only marginally bias the estimated odds ratios
though [64].

The replications of our findings in other materials could also be considered to
strengthen the generalizbility of the results. For some genetic questions it will probably
be impossible to replicate findings due to genetic difference in the populations. In this
thesis we have focused on the two most established genetic risk factors for RA that
have been replicated in different populations (HLA-DRBI1 SE alleles and the R620W
PTPN22 allele).

By using the 1987 ACR criteria for inclusion in EIRA we might miss to include cases
that will develop RA in the near future , since the 1987 ACR RA criteria might be to
strict for inclusion of cases with milder symptoms. This inclusion problem is probably
more problematic regarding inclusion of cases with less severe RA, or cases having
ACPA- RA. The main results in this thesis are focused on risk factors associated with
ACPA+ RA, which should decrease the potential impact of this inclusion problem
regarding inferences made.

There is a possibility of misclassification of disease due to ACPA status, since it was
only measured once. This could potentially lead to a dilution of associations between
exposures and risk of RA assuming the misclassification is uncorrelated to the
exposure. ACPA is however, associated with higher specificity and positive predictive
value for RA than RF [7]. There are also indications on ACPA levels being a stable
phenotype during follow-up in early RA cases [13].

In EIRA we used a population based design with very high participation proportion for
cases and controls (96 % for the cases and 82 % for the controls). The high
participation proportion and population based design should minimize the possibility of
a large selection bias. Even if the total difference between cases and controls (14 %)
regarding participation proportion constituted of smoking controls we would obtain
significantly increased odds ratios between smoking and ACPA+ RA (pseudo
estimated odds ratio of 1.4 (95 % CI: 1.2 - 1.7) as compared to the actual odds ratio of
1.8 (95 % CI: 1.5 - 2.1)). It 1s not likely though, that all controls not participating are
smokers. The question regarding selection bias is also a concern regarding differences
between proportions of cases and controls contributing with blood samples. In the case
of EIRA, this is not a likely source of selection bias leading to over estimation, since
we found slightly higher odds ratios for smoking and risk of developing ACPA+ RA
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when we used information from cases and controls without HLA-DRB1 SE allele
information (the OR for smoking and risk of RA was 2.5 (95% CI: 1.3 - 4.9) as
compared to the results based on cases and controls with genetic information regarding
HLA-DRBI SE allele (OR = 1.8 95% CI: 1.4 - 2.2)). In order to check for possible
selection bias regarding smoking and genetic information we investigated if there were
any association between smoking and leaving a blood sample among the controls (OR
=1.0 95% CI (0.8 - 1.2)). This indicates that there is no selection bias regarding
smoking and genetic information among the controls.

Similar analysis regarding alcohol consumption did not result in any increased OR for
any of the categories used (Non-, Low-, Moderate-, or High-consumers).

When using the case-control design to study genetic associations, it is possible that
observed differences are a result of underlying structure in the population and not a
result of a disease associated locus [86]. This sort of bias is referred to as population
stratification. By using information regarding SNPs unlinked to RA from a wide
genome analysis in EIRA the potential impact from population stratification as
measured through a modified version of the Armitage trend test [87] was estimated to
Agc =1.03 for ACPA+ RA after removing the MHC region. This value is well below
1.1, which is the threshold that indicates presence of population stratification. The
genetic distribution among cases and controls in EIRA and NARAC are in Hardy
Weinberg equilibrium indicating that alleles are randomly distributed in cases and
controls, respectively [55]. In addition to this control, it would be strange if the findings
regarding HLA-DRB1 SE alleles and PTPN22 alleles in three different populations
originally from countries with heterogeneous and mixed populations would be a result
of population stratification.

Retrospective cases-control studies, such as EIRA, are often criticised for being
associated with recall bias. Recall bias appear when cases and controls differ in the way
they remember events or exposures. In this thesis we used information from questions
regarding smoking habits and alcohol consumption. It is hard to estimate the potential
effect of recall bias without performing a specific study with the aim to investigate the
possibility of a differential reproducibility between cases and controls. In EIRA we
used cases with a recent onset of RA in order to decrease the impact of potential recall
bias. The average time between symptoms onset and diagnosis was 10 months. This is
a quite short time which should minimize the risk of cases altering their exposures or
remembering exposures differently than controls. It has been observed that patients
that change their living habits afters they have received their diagnosis tend to
extrapolate their new habit backwards in time [88-89]

Misclassification due to intervention may be an issue in the case of measuring alcohol
consumption. Cases may have changed their alcohol consumption behaviour due to
advice given from the doctor responsible for medication. We did not find any
differences regarding ORs for alcohol and risk of RA when performing separate
analysis based on Methotrexate, NSAID treatment [table R3.4]. In addition to the
absence of treatment differences, the alcohol consumption was quite similar for cases
with different symptoms durations [table R3.2]. This could be considered to be an
indication of alcohol consumption being quite stable for cases with recent onset of RA
and that the cases don’t change their drinking behaviour initially, which otherwise
could have changed during the disease course and potentially explained our findings.
Besides smoking there are few established environmental agents that could be
considered as confounders in our analysis. One exposure that has been associated with
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increased risk for RA is exposure to silica or stone dust [34]. Silica or stone dust
exposure is a quit rare exposure though, making it an unlikely to confound the observed
associations.

Social class indicators such as not having a degree from higher education has been
found to be associated with increased risk for developing RA. Bengtsson et al. reported
that having a university degree was associated with a decreased risk for RF+ RA [90].
There are some potential confounders that we have considered in this thesis (table D1)
such as having a university degree, BMI, silica exposure, mineral oil exposure, use of
oral contraceptives and parity. These potential confounders did not change our
estimates in general and could not explain our findings.

Table D1. Adjusted odds ratio* for alcohol consumption, PTPN22 and smoking dose associated with risk

of developing ACPA+ RA

Ordinary No SE Any SE
Exposure OR* (95 % CI) OR™* (95 % CI) OR™* (95 % CI)
None alcohol 14(1.0-19 ... Ll
Low alcohol Ref. 0
Moderate alcohol 05(04-07) .
High alcohol 04(03-0.6) oo
None alcohol ... 4.1(1.5-11.0) 11.2 (4.7 - 26.6)
0.1-49 1.7 (0.7 - 3.8) 9.3(4.2-20.5)
drinks/week
> 4.9 drinks/week  ............. Ref. 39(1.6-9.3)
NoPTPN22 ... Ref. 50(3.5-7.1)
Any PTPN22 ... 1.2(0.7-2.1) 8.4(5.4-13.0)
No Smoking Ref. Ref. 7.8(5.5-11.0)
0-9.99 pack years 1.2(0.9-1.5) 22(12-3.8) 9.8(6.7-14.4)
smoking
10 - 19.99 pack 1.9(1.4-2.5) 2.0(1.0-4.0) 15.9 (10.3 - 24.6)
years smoking
>19.99 pack years 2.8 (2.1 -3.8) 4.0((22-173) 21.7 (14.3 - 33.0)
smoking

* All odds ratios are adjusted for having a university degree, BMI, silica exposure, mineral oil exposure,
use of oral contraceptives and parity.

We have not considered confounding from any dietary factors, though. But it is
unlikely that these difficult to study factors could explain our strong findings, which are
only observed in a defined sub group of RA, were ACPA is present.

We have used unconditional logistic regression in all studies despite the design with 1:1
matching in EIRA. Using unconditional logistic regression when conditional logistic
regression should be used, can bias the estimates. We did however also perform
conditional logistic regression and found no large differences as compared to
unconditional analysis, other than slightly lower estimates for some estimates and wider
confidence intervals for the ORs when analysis was based on conditional analysis.
There largest difference between conditional and unconditional analysis regarding AP
for the different papers in this thesis was found in the HLA-DRB1 SE-R620W PTPN22
interaction analysis (paper II) where the AP was estimated to 0.4 (95% CI.: 0.1 - 0.7)
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based on the conditional analysis as compared to 0.5 (95% CI.: 0.3 - 0.7) based on the
unconditional analysis.

In a recent study regarding when to break the matching in case-control studies,
unconditional logistic regression performed better than conditional logistic regression
in terms of method bias (differences regarding estimates for full data model and
reduced data model) when data is missing [91]. This is comforting results since we
would loose power if we only considered conditional regression analysis based on
individually matched cases and controls with complete information.

In all papers we have used attributable proportion due to interaction (AP) as an
indicator of gene-gene-, gene-environment- and environment-environment- interaction.
The confidence interval for AP was estimated by using a formula proposed by Hosmer
and Lemeshow. This method has been targeted for discussions regarding poor
performance [92-93]. When using the MOVER method to estimate confidence intervals

(method of variance estimates recovery [92]), the results were almost identical for the
gene-gene interaction in paper 11, and the limits for the 95 percent confidence intervals
only differed on the second decimal. In paper II we also compared different methods
for investigating interaction effects; additive, multiplicative and deviation from
independency of penetrance of two unlinked loci (referred to as LD statistic). We
showed that when we combined data from all studies in the same analysis we obtained
significant results for all interaction methods. Unfortunately, the LD statistic did not
offer the possibility to adjust for additional confounding factors. Multiplicative
interaction was associated with lower sensitivity but higher specificity for finding
additative interaction as compared to using attributable proportion due to interaction.

5.2 BIOLOGICAL CONSIDERATIONS

The overall interpretation of the results in this thesis relay on autoimmunity being
induced by the process of citrullination. Citrullination is a post translational process
which occurs when the amino acid arginine is converted to citruline [94]. In paper [ we
found a higher proportion of citrullinated peptides in bronchoalveolar lavage cells in
smokers as compared to non-smokers. Interestingly, the proportion of citrullinated
BAL cells was highest in smokers with pulmonary inflammation. In an extended study
regarding smoking and citrullinated peptides in BAL cells, a higher expression of the
enzyme peptidylarginine deiminase 2 (PAD2) in smokers was considered to be a
potential cause of the higher proportion of citrullinated cells [95].

In paper I this citrullination was suggested to induce the production of anti-bodies
toward citrullinated peptides. ACPA as measured in the present thesis is in fact,
associated to a collection of anti-bodies toward different citrullinated auto antigens
[96]. This sub group diversity might be helpful in the search for a more specific disease
mechanism. The most common antibody was IgG antibodies toward citrullinated-
fibrinogen and thereafter was IgG antibodies toward citrullinated alpha-enolase and
citrullinated C1-epitope of collagen II. The sub groups of anti bodies toward
citrullinated peptides were primarily associated with the HLA-DRB1*04 genotype.
Genetic studies on RA have repeatedly shown regions on chromosome one and six to
be associated with RA [56, 97-99]. So far, the most important genetic factors belong to
regions on chromosome six, in particular on the HLA-DRB1 chain where the SE alleles
are located. The SE alleles have repeatedly been associated with ACPA+ RA in
different populations [28, 56, 60-61, 63]. In a recent study SE was considered to be
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important in African Americans [100]. This could however be a consequence of
admixture between Europeans and African Americans. Despite the issue of admixture,

SE is a major risk factor for ACPA+ RA only. In all our studies (paper I-IV) we use a
low resolution analysis of HLA-DRB1 and we define SE alleles as being present if a
persons have at least one copy of HLA-DRB1*04, HLA-DRB1*01 or HLA-DRB1*10.
In a Dutch study based on the Leiden EAC a high resolution analysis on HLA-DRBI1
indicated that primarily DR*10, DR*1 and smoking was associated with interaction
with regard to risk of ACPA+ RA and that DR*0401 conferred the highest risk for
ACPA+ RA [61]. It is not clear though if the authors would have found interaction
between smoking and HLA-DRB1*0401 if they had considered additive or biological
interaction instead of multiplicative interaction. A rough estimate of AP for interaction
between smoking and HLA-DRB1 *04 based on figures from the Leiden EAC article
resulted in an AP corresponding to 0.19 with a 95 % CI corresponding to: -0.37 - 0.76
(based on covariance terms equal to zero). This indicates that there is a lack of power to
detect additative interaction in Leiden EAC.

In EIRA also DR*0401 and smoking was found to interact regarding development of
ACPA+ RA and the strongest interaction (highest AP) was observed for smoking and
DR*0401 homozygousity [101]. The amino acid sequences for the DR*0401 allele is
QKRAA which is quite similar to the sequences QRRAA and RRRAA, which are
associated to the other SE alleles. Despite the similar amino acid sequences, the results
indicate that MHC class II molecules coded for by DR*0401 alleles might have higher
affinity for certain citrullinated peptides than other MHC class II molecules. In
DRB1*0401 transgenic mice T cell immunity to citrullinated peptides may contribute
to arthritis [102-103].

The second most “important” genetic risk factor for RA is the R620W PTPN22 allele.
PTPN22 is short for protein tyrosine phosphatase 22. This enzyme is important in the
regulation of the process of suppressing T-cell activation. The functional polymorphism
at position 1858 constitutes of C being substituted by a T. The PTPN22 gene is located
on another chromosome than the HLA-DRBI1 gene, which indicates that interaction
effect is due to physiological mechanisms and not a consequence of linkage
disequelibrium between the genes coding for HLA-DRB1 and PTPN22 molecules.

In a sub study based on the Nurse’s Health Study, the authors report, in contrast to our
result (table R2.1) interaction between R620W PTPN22 and smoking regarding RF+
RA [104]. Furthermore, they could not replicate our findings in paper 11, where we
found gene-gene interaction between SE alleles and R620W PTPN22. Their results did
however indicate presence of interaction effects and the power for drawing conclusions
regarding absence of interaction was low. The authors, however, were not able to
include information on ACPA status or to consider the potential impact of SE alleles
regarding gene-environment interaction with smoking in that particular manuscript. A
further analysis regarding the potential interaction between HLA-DRB1 SE and
PTPN22 alleles stratified by smoking, in order to investigate effect modification as well
as confounding from smoking should be of interest in this sub sample of the Nurse’s
Health Study.

In paper II the higher odds ratios observed for NARAC, might indicate presence of a
true relationship regarding the gene-gene interaction between HLA-DRB1 SE and
R620W PTPN22 alleles. Especially since the cases in NARAC were selected to have
established and severe RA. The proportion of ACPA positive cases in NARAC was 81
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percent, which is a much higher proportion than in EIRA and the presence of ACPA is
also associated with more severe RA.
Additional genetic factors that have been associated with RA are TRAF1-CS and

STAT4 [97, 105]. Interestingly, TRAF1 is considered to bind intracellular proteins such
as the nuclear factor-«f} inhibitory protein TNFAIP3 [106]. The activity of nuclear
factor-k} in monocytes has been observed to be down regulated by alcohol [37].
Alcohol was also shown to decrease TNF-a production in monocytes. Also this result is
interesting since blocking of TNF-a is one treatment that is being used for RA.
Previous observations make alcohol an interesting environmental factor, potentially
influencing the risk to develop RA. In paper III there was no association between
alcohol consumption and decreased risks for ACPA- RA in CACORA. In CACORA
the proportion of ACPA+ RA cases was higher than in EIRA. This might be due to the
inclusion of prevalent cases in CACORA than EIRA that included incident cases.
Alcohol is considered to have an effect on both innate and adaptive immunity [36].
Recently, similar findings as ours with regard to alcohol consumption and risk of RA,
was presented from a Swedish research group using a prospective cohort study
conducted in south of Sweden. [107]. Previous studies on RA and alcohol consumption
gives a mixed picture on a potential protective effect. In the lowa study the participants
mainly consisted of older women which may be a problem due to the amount of
exposure to alcoholic beverages [38]. In fact, only a few of the women in the lowa
study drank more than one glass of wine during a week, which is a potential
explanation to why no effect was observed.

In an experimental study on mice, increased levels of testosterone due to alcohol
consumption was considered to be one explanation to the damped immune response.
Unfortunately, only male mice were used in this experiment. But, alcohol consumption
has been observed to be associated with increased levels of testosterone also among
women [108-109].

Other interesting tracks regarding potential important biological mechanisms include
exposures associated to increased levels of IL-6. IL-6 is a pro inflammatory cytokine
that is secreted by T-cells, macrophages and from contracted muscle cells [110-111].
Prolonged increased levels of IL-6 caused by inflammation, could act as a catalyst in
predisposed individuals eventually causing RA onset. In the context of muscle induced
secretion of IL-6, physical workload might be one additional environmental risk factor
for onset of RA [112].
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5.3 AHYPOTHETICAL MODEL

Based on the results in the present thesis a hypothetical model on how genetic and
environmental factors coexist and interact is presented in figure D1 which is an
expanded version of the figure presented in Future rheumatology [113]. In this
simplified hypothetical model the IL-6 and TNF-a has been omitted despite their
importance.

If SE alleles and PTPN22 coexist the risk of developing ACPA positive RA was
elevated more than one could expect from the sum of the separate effect of SE and
PTPN22 alleles. This interaction indicates that the presence of major histocompability
complex 2 (MHC-2) associated to SE alleles on the antigen presenting cell (APC) could
initiate the T-cell activation, which is maintained in the presence of the PTPN22 allele,
eventually leading to autoimmunity (fig D1, paper II). Again, this interaction was only
observed for ACPA positive RA. There was no evidence for interaction between
PTPN22 and smoking [table 2 in the result section, 114], in contrast to the observed
interaction between SE alleles and smoking. This gene-environmental interaction has
also been then reproduced in other studies as mentioned before [32.-33, 62]. In article I
we also found that citrullinated peptides were more common in smokers than non
smokers. This result together with the interaction between SE alleles and smoking
regarding ACPA positive RA leads to the hypothesis that smoking induces
citrullination of peptides in a dose dependent way (paper IV), which makes APCs with
certain type of MHC-class I molecules (SE alleles) to present these peptides efficiently
and eventually trigger autoimmunity (fig D1). This process may be slowed down by
introduction of alcohol through alcoholic beverages, which primarily decrease the
innate immune response and the overall immune system activity (paper I1I).

The strong interaction effects between smoking, PTPN22 and SE alleles described
above are restricted to the subgroup of RA where ACPA antibodies are present, which
pinpoint the importance of defining the subgroups of RA. The sub-grouping of the
disease is probably equally important for finding successful treatments for RA, due to
the obvious differences regarding disease mechanisms as described earlier. Due to the
different features of ACPA+ and ACPA- RA, it may be appropriate to change the
diagnosis criteria regarding RA will be changed in a near future, in order to optimize
the treatments for the patients.
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Figure D1. Hypothetical model for development of ACPA+ RA in the presence of
smoking, alcohol, R620W PTPN22 and HLA-DRB1 SE alleles.
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5.4 FUTURE THOUGHTS

Due to the nature of a complex disease such as RA, it is not efficient with a reductionist
approach to search for major aetiological factors any more. The future spells:
cooperation new methods (both biological and statistical methods) and most of all a
holistic approach where genes are not considered to function without the impact of
environmental factors or that environmental factor are not considered to interact with
our genes. This approach demand that we use methods to investigate how genes are
expressed, how gene function is modified from epigenetic changes, and what effect the
proteins have and how they interact with other proteins in an environmental setting.
Figure D2 show how the paradigm of systems biology is expanded to include the
environment and show that the importance of the environment as a disease cause is
increasing as we move further away from the genomics towards metabolomics.

Environment | = |::>

Genomics Bioinformatics

N

Transcriptomics

N

Proteomics

I

Systems biology Metabolomics

: ]

Phenotype

Figure D2. Schematic picture over the different parts in systems biology and the omics
cascade in an environmental context.

This implies that we need to develop new, as well as use present biological methods for
investigating physiological activities in the body. We also need to develop new
statistical methods as well as use existing models for handling complex data material
and to test complex ideas. Regarding statistical methods, I think we need to move away
from the traditional frequentistic ideas aiming to estimate p-values in favour of the
Bayesian way of thinking, where the results are considered to be the actual results and
not a hypothetical results that would not occur by chance if we were to repeat our study
many times in the exact way using the same participants etc. Bayesian networks offer a
flexible yet stringent way to model causal relationships and have been proved to be
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very useful in laboratory based research as presented by Eric Schadt and colleagues
[115]. Additionally and maybe most important of all: we need to use well designed
studies and really consider different sources of biases. Study designs have a central role
in the field of epidemiology and therefore should epidemiological “thinking” have a
central role in planning and analysis of complex studies on complex diseases.

In the future we will probably use computers even more than now, as they will be a
necessary tool for handling these issues regarding complexity and we will probably
start using, as well as develop complex computer algorithms for handling huge amount
of complex information. We probably have to glance on other scientific disciplines, in
order to find new ways to increase our knowledge. In the case of RA, we have already
taken small steps towards integration of environmental and genetic data in an
epidemiological setting. But, we have just started and the steps are so far, only the
thriving steps of a baby learning to walk, holding the hand of a parent called science.
Hopefully, environmental data bases will be created with the aim to study and perhaps
simulate disease mechanisms from an environmental perspective, in a more complex
way than genetic and pathway data bases such as NCBI and KEGG are used today
[116-117].

Finally, it is likely that the results from this thesis will be rejected because of new and
more refined findings, in a way Karl Popper once described. But who knows, maybe
Popper was wrong.

What symbol could better than yin yang, display a holistic viewpoint, as exemplified by
the interplay of genes and environment, as well as the importance of genes in the
environmental context and the other way around?
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6 CONCLUSIONS

38

Smoking and presence of HLA-DRB1 SE alleles were observed to strongly
interact regarding risk of developing Rheumatoid Arthritis characterized by
presence of anti-bodies toward citrullinated peptides. Furthermore, citrullinated
peptides were more common in bronco alveolar cells from smokers than in cells
from non smokers. These results provided the basis for an aetiology model for
development of Rheumatoid Arthritis.

Having both the HLA-DBR1 SE and R620W PTPN22 alleles was associated
with gene-gene interaction effects for developing ACPA positive Rheumatoid
Arthritis. This gene-gene interaction was found in three different materials (one
Dutch, one North American and one Swedish study) by using interaction
defined as departure from additivity of effects. Interaction defined as departure
from multiplicativity of effects was found when all three different materials
were combined. No gene-environmental interaction was found between
smoking and the R620W PTPN22 allele in the Swedish study.

Alcohol consumption was associated with a dose dependent decrease in risk of
developing RA, irrespective of ACPA status, in two studies from two different
countries (Denmark and Sweden). The most pronounced risk decrease of
developing ACPA positive RA was observed for high alcohol consumers being
ever smokers with HLA-DRB1 SE alleles. There was also an indication of
interaction between smoking and absence of alcohol consumption regarding
risk of developing ACPA positive RA.

Finally, smoking was associated with strong dose dependent effects regarding
risk of ACPA positive RA. A dose-dependent effect was seen in each category
of HLA-DRBI1 genotype. The interaction between smoking and HLA-DRBI
SE alleles seemed to be dose dependent as well. Smokers with double SE had
almost 40 times higher risk to develop ACPA+ RA compared with never
smokers without SE; the corresponding attributable proportion due to
interaction was 0.8 (0.7 - 0.9). In addition, the public health impact from
smoking as a major preventable factor for ACPA positive RA was considered.
It was found that the incidence of ACPA positive RA cases could in theory be
decreased by 35 percent by means of smoking prevention. This corresponds to a
reduction of 20 percent of all RA cases.



7 SAMMANFATTNING PA SVENSKA

Reumatoid artrit [RA] 4r en kronisk inflammatorisk sjukdom som framforallt drabbar
kvinnor. Sjukdomens specifika karaktéristik kdnnetecknas av ledinflammation och
progressiv destruktion av brosk, ben och ligament i leder. RA betecknas ofta som en
autoimmun sjukdom vilket innebdr att kroppens immunforsvar angriper den egna
kroppen istillet for frimmande &mnen. Kunskapen kring orsaksfaktorer for uppkomst
av RA ér fortfarande knapp men bade genetiska-, och miljoméssiga-faktorer antas ha
betydelse. Hittills har allela former av generna HLA-DRB1, PTPN22 samt den
miljomaéssiga faktorn rokning associerats med okad risk for RA.

Malet med denna avhandling ar att studera betydelsen av genetiska och miljomaissiga
faktorer samt dessas potentiella interaktion med avseende pa risken att insjukna i
serologiskt definierade subgrupper av reumatoid artrit. Specifikt avses rokning och
alkohol konsumtion och allela former av generna HLA-DRB1 och PTPN22 studeras.
Med serologiskt definierade grupper av RA menas framforallt fall med eller utan
antikroppar mot citrullinerade peptider (ACPA).

Avhandlingen baseras i huvudsak pd material frdn EIRA (Epidemiological
Investigation of Rheumatoid Arthritis). EIRA &r en populationsbaserad fall-kontroll
studie dér 1419 fall som diagnostiserats med RA enligt ACR kriterier fran 1987 och
1674 kontroller inkluderats mellan 1996 och 2004. Fall och kontroller fick pa frivillig
basis fylla i en omfattande enkit dver bland annat levnadsvanor och yrkesliv, dessutom
fick fall och kontroller frivilligt ldimna blodprov for genetisk och serologisk analys.
Forutom EIRA studien anvéindes avidentifierade data fran USA (delarbete 2), Holland
(delarbete 2) och Danmark (delarbete 3) for att undersoka gen-gen interaktion i
delarbete 2 samt alkohol konsumtion och risk att utveckla RA 1 delarbete 3.

- Rokning uppvisade ett dos-responssamband betréffande risken att utveckla RA med
forekomst av antikroppar mot citrullinerade peptider. Rokning och HLA-DRB1 SE
alleler var vidare associerade med interaktionseffekter for risken att drabbas av ACPA
positiv RA. Bland friska kontroller var proportionen citrullinerade lungceller hogre
bland rokare jimfort med icke rokare. Dessa resultat har resulterat i foljande potentiella
forklaringsmodell till att rokning och HLA-DRB1 SE alleler kan ge upphov till RA:
rokningen orsakar citrullinering av peptider som i sin tur féster lattare p4 MHC klass II
molekyler som modifieras av HLA-DRB1 SE alleler vilket leder till aktivering av T-
celler som initierar vidare immunologiska reaktioner.

- Tva av de mest etablerade genetiska risk faktorerna (R620W PTPN22 och HLA-
DRBI SE alleler) for RA dr forenade med interaktionseffekter betréffande risken att
drabbas av ACPA positiv RA. Additativ interaktion mellan HLA-DRB1 SE och
PTPN22 observerades i tre olika populationer (en amerikansk, en holldndsk och i den
svenska EIRA studien). En signifikant multiplikativ interaktion observerades da alla tre
studierna analyserades tillsammans. Mellan rokning och R620W observerades ingen
interaktion betriffande risk for ACPA positiv RA.
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- I studie III observerades att alkohol konsumtion &r associerad med minskade risker for
att drabbas av RA pé ett dosberoende sétt. Dessutom observerades interaktionseffekter
mellan rokning, HLA-DRB1 SE alleler och alkoholkonsumtion for risken att insjukna 1
ACPA positiv RA. Dessa resultat bygger pa analyser i tva skandinaviska studier (en
dansk (CACORA) och en svensk studie (EIRA)).

- Rokning och HLA-DRBI SE alleler dr associerade med starka interaktionseffekter
betriaffande risk att drabbas av ACPA+ RA. Dessutom dr rokning med hénsyn tagen till
HLA-DRBI SE alleler kopplade till dosberoende riskdkningar att drabbas av ACPA+
RA. Rokning berdknades vara orsaken till 35 procent av alla ACPA positiva RA fall
och 20 procent av alla RA fall.
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8 APPENDIX

Smoking questions:

1. Do you smoke? "1 No 1 Yes, regularly "1 Yes,
occasionally

2. If you don’t smoke
Have you ever smoked? [] No 1 Yes, regularly "1 Yes,
occasionally

3. If you have smoked,
What year did you stop Write year when you stopped
smoking............

4. If you smoke or have smoked,
When did you start smoking regularly? Write year when you stopped
smoking............

5. How much do you smoke,
Or used to smoke before you stopped? 1. Cigarettes/day

........................ st

2. Cigarillos/day
........................ st

3. Cigars/day
........................ st

4. Pipetobacco/day
........................ gram
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Alcohol consumption questions:

1. Have during the last 12 months
Drinked at least one glas of beer, strong liquor,
Wine or strong wine? '] No 1Yes
(if No continue to section N)

2. Approximately how much alcoholic
beverages did you drink during last week? 1. Strong beer ............
2. Wine ...
3. Strong wine ~ ............
4. Strong liquor ............

3. Have your alcohol consumption

during last week been: ) Much less than usual consumption
1 less than usual consumption
" slight less than usual consumption
1 as usual consumption
" slight more than usual consumption
1 More than usual consumption
") Much more than usual consumption
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