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Abstract

Objective: The aim of our study was to determine whether [Dylarginine
Dimethylaminohydrolase (DDAH) and2 gene polymorphisms — the main enzyme involved
in ADMA degradation - are associated with high Asyetric Dimethylarginine (ADMA)
levels in Rheumatoid Arthritis (RA).

Methods: Serum ADMA levels were measured in 201 individuaith RA [155 females
median age 67 (59 — 73)]. Four tag SNPs in DRA}ene and 2 in the DDAMgene were
genotyped by using the LightCyclerTM System. ADMAwinitially compared across the
genetic variables using one-way ANOVA and then maitate analysis examined each of
the genes after adjustment for parameters of systerftammation and insulin resistance,
namely erythrocyte sedimentation rate (ESR) anddastatic model assessment (HOMA),
which we have previously shown affect ADMA levaisRA.

Results: No significant relationship between DDAH genetariables and ADMA levels was
established in ANOVA analysis. Multivariate modeljusted for age, HOMA and ESR did
not demonstrate any significant association betvi@AH variants and ADMA

Conclusion: The results of our study give no evidence to ssfyffeat increased ADMA
levels in RA relate to DDAH genetic polymorphisrBetter understanding of disease-related
factors and their interactions with traditional @Mk factors may represent mechanisms

responsible for ADMA accumulation in this populatio

Key words: Rheumatoid arthritis, ADMA, DDAH, CV dis ease



1. Introduction

In recent years there has been increasing interéisé cardiovascular (CV) complications of
chronic systemic inflammatory conditions such asurhatoid arthritis (RA). It is now well
recognised that RA is closely associated with teeetbpment of premature atherosclerosis
resulting in high CV mortality and morbidity [1,2Pathophysiological and epidemiological
data suggest a clinically important relationshipwsen RA and accelerated atherosclerosis
as both conditions appear to be provoked by inigghovial/endothelial cell injury
respectively [3]. However the mechanisms of vamcwhanges in RA remain partially
understood with systemic inflammatory burden asl sl classical cardiovascular disease
(CVD) risk factors appearing to be pivotal in thetiation and progression of endothelial

dysfunction [4,5]. Over the last years the impligatof genetic factors in the CVD risk has

been studied with several studies reporting assoog&between gene variants such as tumour

necrosis factor promoter polymorphism and atheewssls in RA patients [6-8].

Endothelium-derived nitric oxide (NO) is a vasotbly mediator with atheroprotective and
anti-proliferative effects on the vascular wallor@titutive production of NO is essential for
the regulation of blood flow, the maintenance oboam@laxation and the prevention of
oxidative injury to the vascular endothelium [9tofnflammatory mediators and cytokines
which are abundantly produced in RA exert numedelsterious effects on the endothelial
cells including a reduction in NO production, aatien of endothelial cells and platelets, and

derangement of fibrinolysis, all of which promotedmbosis and atherosclerosis.

Impairment of NO synthesis is multifactorial bugeowing body of evidence suggests that
circulating inhibitors of NO synthase play a crligisle [10]. Assymetric dimethylarginine
(ADMA) is an endogenous guanido-substituted anatogfi L-arginine and decreases the

bioavailability of NO by competing with L-Argininat the active site of all the three isoforms



of NO synthase (NOS). ADMA is generated during pobysis of various proteins containing
methylated arginine residues, a procedure catalyged group of enzymes referred to as
protein-arginine methyl transferase’s (PRMT’s) [1Qver the last decade ADMA has
emerged as a novel biochemical marker of endothéjisfunction and CV risk in various
disease settings associated with atherosclerosisasiperipheral and coronal artery disease,
lipid disorders, diabetes mellitus, insulin regis®, hypertension, chronic heart and renal
failure [12,13] as well as rheumatic diseases [B8veral studies have demonstrated that
plasma ADMA is an independent predictor for adveraediovascular events and death in
patients with coronary artery disease [15] andha general population [16]. Elevated
ADMA levels have been reported in RA patients ipexdive of the disease stage, the
initiation and the type of treatment, the presewoteclinical CVD or the detection of
subclinical atherosclerosis in non-invasive assesssnof endothelial function [17-20]. In
addition a handful of studies have assessed thadng biologic disease modifying drugs on

ADMA levels [21,22].

Dimethylarginine dimethylaminohydrolase (DDAH) fsetkey enzyme for the degradation of
ADMA into citrulline and dimethylamine [23]. Over0% of endogenous ADMA is
hydrolyzed by DDAH with the remainder renally extied. DDAH exists in two isoforms
(DDAH1, DDAH2) encoded by different genes, with DBA being primarily an enzyme of
epithelial cells whereas DDAH2 is present in thecwdature [24]. Recent insights indicate
that reduced DDAH activity occurs in several patigidal conditions accompanied by excess
CV morbidity and it is considered one of the crugr@chanisms responsible for ADMA
accumulation and endothelial dysfunction. Both tile¢e the DDAH-1 gene in mice and
inhibiting its activity through DDAH-specific inhitors resulted in structural and functional
endothelial changes, increased systemic vascutastaece and abnormal systemic blood

pressure via ADMA mediated dysregulation of NO prttbn [25,26]. On the other hand



overexpression of DDAH in transgenic mice attensig8@®MA production and restores NO
synthesis with favourable vascular outcomes suckdisced arterial stiffness, stabilisation of
endothelial function and enhanced insulin sensgjtij27]. Functional variant of DDAH-2
gene is associated with chronic kidney diseaseirsuin sensitivity conditions linked with
endothelial dysfunction and increased CVD risk 228, These observations underlie the
important role of DDAH in the regulation of vasauteomeostasis. Despite experimental data
suggesting that DDAH1 is primarily responsible floe degradation of methylarginines [30],
the relative role of these isoforms in ADMA metabol in humans remains unknown.
Derangement of DDAH/ADMA pathway has recently bekscribed to participate in the

pathogenesis of RA in a collagen-induced arthaitisnal model [31].

The aim of the present study was to determine venefdDAH1 and DDAH2 gene

polymorphisms are associated with circulating ADMANdividuals with established RA.

2. Methods

2.1 Study population

Two-hundred and one consecutive RA patients warnalited from the rheumatology
outpatient clinics of the Dudley Group NHS FoundatiTrust, UK, between March 2011-
March 2013. All patients met the retrospective eggpion of the 1987 revised RA criteria of
the American College of Rheumatology [32]. The gtudceived local Research Ethics
Committee approval and all participants gave theitten informed consent according to the

Declaration of Helsinki.

All participants underwent a thorough assessmatiding a detailed review of their
medical history, hospital records, physical exarmam and contemporary assessments of

height, weight and body mass index. All medicatiamsre recorded, including disease



modifying anti-rheumatic drug (DMARD) use, oral gresolone and anti-platelet agents. In
addition, demographic information was collected questionnaire. Insulin resistance was
evaluated from fasting glucose and insulin using Homeostasis Model Assessment of

Insulin Resistance (HOMA) [33].

Blood was collected from the patient’s antecubrth using a 23G butterfly needle (Greiner
Bio One GmbH, Austria). All tests were carried outhe routine and research laboratories of
Russells Hall Hospital, Dudley Group NHS Foundatimist, UK and were analysed for
routine laboratory biochemistry, lipids, haematgioy/estergren erythrocyte sedimentation
rate (ESR), and C-reactive protein. ADMA levels &vemeasured in serum samples by using
a commercial enzyme immunoassay ELISA kit (Immugdastik, Bensheim, Germany) as

previously described [17]. The intra-assay (n=2@ndard deviation was 0.031% and the

inter-assay (n=6) standard deviation was 0.037%.

2.2 DDAH single nucleotide polymorphism (SNP) Gengping

2.2.1 DNA Extraction

DNA was extracted from whole blood using the Quiek€-810 system. Blood was
collected in EDTA-containing tubes, placed in aaldason vessel and the red cells were
lysed. The white blood cells were then captured fiiter matrix and lysed so that the DNA
was physically entrapped around the fibers. Isdl@NA was released from the matrix and
eluted into a collection vessel in the enclosedrenment of the QuickGene 810 system.
Resulting DNA samples were stored &E4intil analysis. Quality control with each batith
extractions was performed by running a blank tditseugh the whole process, omitting only
the addition of blood. If any DNA was found in tihdank, the whole DNA batch was

rejected.



2.2.2 Polymorphisms

DDAH1/2 Polymorphisms were assessed in all subjéegtaising the LightCycler™ 480
System (Idaho Technology Inc. Salt Lake City, UthIgA), as previously described [34].
Rs2474123 (DDAH1), rs669173 (DDAH1), rs13373844 @M1), rs7521189 (DDAH1)
and rs3131383 (DDAH2) were identified using LightSdrobes and primers (TIB Molbiol
GmbH, Berlin, Germany). Cycle conditions were alfofes: denaturation of the template
DNA for 1 cycle of 95°C for 10 minutes, programmigghsition rate of 4.4°C/s; amplification
of the target DNA for 45 cycles of 95°C for 10 s@@9C for 10 sec and 72°C for 15 sec, each
with a temperature transition rate of 4.4/2.2/4/48C; melting curve analysis for 1 cycle of
95°C for 30 sec and 40°C for 2 minutes, each withramsition temperature rate of

4.4/1.5°C/sec, and then ramping to 75°C continuous.

The temperatures for DDAH2 (rs3131383) melting peakre 63.%C for the CC and 69°6
for the AA genotype and heterozygous (CA) there wageak at 63°%& and another at

69.5°C.

DDAH1 (rs2474123) melting peaks were GG: -64.5°@\: A- 69.5C and GA: -63.5 and
69.5C. DDAH1 (rs669173) were TT: -88, CC: —66C and CT: 58 and 66. DDAH1
(rs13373844) were AA: -62, CC: -70 and AC: -62 and 0. DDAH1 (rs7521189) were

AA: -56°C, GG: -63C and AG: 56 and 68.

2.3 Statistical analysis

Initially, ADMA levels were compared across thefeient classifications of the DDAH
genes, namely minor allele, carrier and major @llalsing one-way ANOVA models.
Multivariable general linear models were then usedaccount for potential confounding

effects of factors which have previously been fotnde associated with ADMA. These



factors were included in the model, alongside DDgtHitus, as continuous covariates, with
log-transformations applied to those with skewestritiutions. Analysis was repeated after
splitting patients in tertiles based on ADMA valu@ddl analysis was performed using IBM
SPSS 19, with p<0.05 deemed to be indicative ¢zl significance.

Post-hoc power calculations were performed for ¢bhenparisons of ADMA across the
categories of each of the genes considered. Aldnmtain analysis, separate calculations
were performed using all of the data, and with dhdiers excluded. In each case, pairwise
comparisons were made between each combinatioratefyaries, based on independent
samples t-tests. The alpha value was Bonferronisaeljl for 3 comparisons, hence a value of
1.67% was used. The minimal detectable differerioe80% power for each comparison

were quoted (Supplementary material).

3. Results

3.1 Participant Characteristics

The demographic and disease-related characterigticche RA patients are presented in
Table 1. One-hundred and twenty-two (61%) patiemtsre receiving non-biologic
DMARDS, fifty-one (25%) oral steroids, sixty (30%iplogic DMARDS, twenty nine (14%)
non-steroidal anti-inflammatory drugs, seventy n{88%) anti-hypertensive treatment and

seventy four (37%) cholesterol-lowering agents.

3.2 Outliers

Three cases were identified as having unusually ADMA measurements (>1.1 pmol/l),
which became highly influential outliers in thetsacal models. In order to ensure that the

analysis was robust, the models were reproducddtidtse outliers excluded. The difference



between the models was generally small for theifsigmt factors, but both models are

quoted for each outcome for completeness.

3.3 Associations between ADMA and DDAH polymorphism

All DDAH-1 and DDAH-2 SNPs tested were in Hardy-\Weerg equilibrium (Chi-square

test p values 0.237, 0.587, 0.246, 0.274, 0.824r$0B8373844, rs2474123, rs669173, rs

7521189 and rs 3131383 respectively). All DDAH-1F&Nstudied were in strong linkage

disequilibrium with each other as demonstrated bydles (LD analysis using Haploview)

(Figure 1) [35].

One-way ANOVA analysis did not reveal any statatic significant associations between
serum ADMA concentrations and DDAH gene variantoum populations. These findings
were similar in the analysis which excluded thee¢houtliers (See Table 2). The data was
also analyzed with ADMA concentrations divided iajgproximate tertiles (<0.5, 0.5-0.6 and
>0/6 pumol/l). This gave results consistent with fkidOVA analysis, with no evidence of

significant associations between gene categorie A&MA. (Table 3)

3.4 Multivariable Analysis

We investigated whether parameters of inflammatoid insulin resistance, which have
previously been linked with ADMA levels in RA, cauhave had a deleterious effect on the
relationship between ADMA and gene expression. Matliable general linear models were
produced, which accounted for the effects of agMA and ESR, in addition to gene

expression, on ADMA. As with the previous analysisparate models were produced for all

patients, and with the outliers excluded (Table 4).



ESR was consistently found to be associated withMAD(p=0.001). However, after
accounting for this relationship, as well as fa tther potentially confounding factors in the

model, the associations between the genotypes BiMidAremained non-significant.

4. Discussion

In this study we did not establish any significassociation between circulating ADMA and
SNPs in the DDAH1 and DDAH2 genes in patients viRth. DDAH genetic variants were
not found to influence ADMA levels after adjustmdat age, disease-related inflammation
and insulin resistance parameters which have bemnoosly linked with raised ADMA in
this population. This is the first study of thim#ito explore genetic variations in DDAH

genes and their relationship with ADMA in RA patien

A handful of studies have assessed the role oftgeveriations of the DDAH1 and DDAH2
genes polymorphism and ADMA levels in humans [288387]. In diabetes mellitus,
significant correlations between DDAH genes polypimisms and ADMA levels were
reported in patients with type[38] but not type 139]. Diabetes mellitus represents the
prototypic disease carrying excessive risk forf@tGV events and similarly to RA, classical
CVD risk factors are not sufficient to explain timereased incidence of CVD. In addition,
clinical presentation and outcomes of coronarymrtiésease follow the same pattern in both
conditions and currently the magnitude of CV risk RA is considered equivalent and
comparable to that of diabetes [40]. ADMA is el@ehin patients with diabetes [41] and is
associated with insulin resistance [42] while oxpression of DDAH appears to normalise
hyperglycaemic profile in rats by enhancing inswudemsitivity [43]. It is worth noting that
insulin resistance has been described as an indepepredictor of high ADMA in patients

with RA [44] and hypertension [13], providing fueth support for the link between

10



impairment of NO/ADMA/DDAH pathway, endothelial iny and abnormal glucose
metabolism. However, in our multivariate model, DBAyene polymorphisms were not

found to affect ADMA after correction for HOMA — andicator of insulin resistance.

Evidence for ADMA accumulation in RA is wide rangirand its role in mediating
endothelial dysfunction and accelerated atherossierhas been the focus of several
publications. ADMA has been associated with morpbiglal and functional parameters of
subclinical vascular disease in some [18] but nibttlae studies assessing vascular
morphology [45], coronary microvascular perfusidé][andin vivo endothelium-dependent
and -independent microvascular and macrovascufatifin [17]. Higher mortality rates in
RA in comparison with the general population argédy attributable to CVD, predominantly
coronary atherosclerosis. Disruption of NO synthesi crucial in the pathogenesis of
endothelial dysfunction, so the recognition of tegulators of NO activity will help to
provide a better understanding of the precise néshes involved and may also indicate
potential therapeutic targets. As a growing amadrevidence suggests that ADMA levels
predict future CV events and outcomes in retrospectohort studies in the general
population [16] and patients with established CMBk rfactors[47] - which are highly
prevalent in RA - endogenous mechanisms that regd®MA and NO bioavailability in

RA are of great interest.

Several pathways incorporating increased formadiaa diminished hydrolysis are involved
in the high circulating levels of ADMA in RA. Thectivation of the PRMT's and the
augmentation of protein arginine type | N-methyisgerase by increased release of reactive
oxygen species in inflamed synovium result in uptagon of ADMA synthesis [48].
However it appears that the most important paramatéADMA accumulation is DDAH
dysfunction [49]. This enzyme seems to be extrerselysitive to oxidative stress and high-

levels of NO production following overexpressidniriducible NOS, nitrosates DDAH and

11



inhibits activity [50]. The ensuing elevation in ADMA not only redsceascular NO
bioavailability but potentially evokes endothelidOS uncoupling switching it to a
superoxidate synthagé1]. By this way ADMA acts in a multiplicative maar in promoting
endothelial dysfunction. This vicious circle resuh the progression of vascular damage and
may be of higher importance in chronic, systemitammatory conditions such as RA
compared to other vascular disorders. It is tengptio speculate that cumulative
inflammatory burden in this population may have arensignificant impact on impaired

ADMA metabolism, overshadowing the potential effetDDAH gene polymorphism.

In addition ADMA concentration can induce inflammiat vascular reaction by activation of
adhesion molecules and cytokine production [52Fkdltagen-induced arthritis animal model
the culture of fibroblast-like synoviocytes with Mour Necrosis Factor-alpha resulted in
elevation of ADMA levels accompanied with increase interleukin-1 and -6 and
downregulation of DDAH2 expression [31]. The imflmatory effects were reversible with
DDAH2 overexpression suggesting that ADMA may haveole as a pro-inflammatory
mediator. However, the association between endattisfunction and particularly ADMA
with disease-related inflammation in RA remainsb® determined and more research is
required to answer whether disruption of DDAH/ADMpathway contributes to both

inflammatory process and vascular damage in RA

High circulating ADMA levels predict adverse outoesnspecifically vascular events and
death in patients with different CVD settings [43,%4]. Strong causal relationships,
however, are yet to be established and it is wiknown whether elevated ADMA levels in
these conditions are the cause or the result afteetial dysfunction. Such associations are
much more complex in RA in which interplays betwetassical CVD risk factors, immune
activation, chronic cumulative inflammatory load damardiotoxicity of anti-rheumatic

treatment form a complicated puzzle which remaimesolved [1]. Since ADMA correlates

12



with traditional and non-traditional CVD risk facsoas well as autoantibodies in RA [55], it
may represent an attractive marker for CVD rislatgication in this population. We
performed a genetic association study to assesgdtential contribution of polymorphic
variants of DDAH genes to elevated ADMA levels i\ Rvhich yielded negative results.
Although we cannot exclude the possibilities thatyped SNPs in the current study may
have an impact on ADMA levels or that none of thHdPS assessed are of functional
importance for ADMA metabolism, it appears that ABMoncentration in RA is dependent
on a variety of parameters other than DDAH actiwititich are involved in endothelial

dysfunction in RA.

We performed our study in a well-defined, real-lRé& population with detailed clinical and
laboratory characterisization. We acknowledge thatmajor limitation of our study is the
relatively small size of our cohort which cannotwr definite conclusions regarding the
genetic basis of enhanced ADMA production in RAwedwer out study was sufficiently
powered as according to post hoc power calculatibesminimal detectable differences in
ADMA levels between groups were consistently ldgst0.1 pmol/llt is worth noting that
three patients with unusually high ADMA levels hsithilar genetic profile with reduced
expression for rs2474123 SNP in DDAH1 gene andesmed expression for the other
polymorphism. The inclusion of these patients i émalysis did not change the results, but
this observation may suggest that genetic confrél@MA may occur in patients with more

severe disruption of endothelial function.

In conclusion, no evidence was found to suggest giemetic variation in DDAH1 and
DDAH2 genes is significantly associated with serAMA levels in patients with RA.
There is still inadequate understanding of the petidn of ADMA in RA and its role in
promoting atherosclerosis and contributing to C\loidtity and mortality in this population.

The complexity of CVD and the risk factor interacts requires further studies to investigate

13



whether DDAH sequence variation influences DDAH ivgigt and ADMA levels in
individuals with RA which will provide better indigs in the role of DDAH/ADMA pathway

in the dysregulation of NO metabolism and endo#helysfunction in RA.
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Table 1: Demographic and clinical characteristics of RAgas

| RA Patients (n = 201)
General characteristics
Age (years 67 (59-73)
Se). female 155 (7°%)
Disease characteristics
Disease duration (yea 16 (11-25)
Rheumatoid factor positiv 148 (79%)
Anti-CCP positive 123 (629%)
DAS2¢ 3.1(2.5-4.0)
C-reactive protein (mg/l) 3(3-9)
Erythrocyte sedimentation rate (mmhr) 12 (5-23)
Health assessment questionnaire 1.6+0.9
Cardiovascular Disease Risk Factors
Hypertensior 130 (6%%)
Dyslipidemia 158 (79%)
Insulin resistance 53 (26%)
Diabetes 21 (10%)
Current Smokers 23 (11%)
ADMA (umol/l) 0.55 (0.48 — 0.64)

Data reported as median (§5 75" percentile), number (percentage) or mean and siethd
deviation as appropriate. ADMA = asymmetric diméhyinine; CCP = cyclic citrullinated
peptides; DAS28 = disease activity score in 28tfin
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Table 2: Comparison of ADMA across genotypes for each efgénes

Minor Allele Carrier Major Allele |p-Value

DDAH1 — All Patients 0.60 (0.03) 0.57 (0.01) 0.55(0.02) 21®@
RS2474123 | Outliers Excluded 0.55(0.01) 0.57 (0.01) 0.55 (0.02) 0.463
DDAH1 — All Patients 0.57 (0.02) 0.56 (0.01) 0.59 (0.02) 31
RS669173 | Outliers Excluded 0.57 (0.02) 0.56 (0.01) 0.56 (0.01) 0.973
DDAH1 — All Patients 0.58 (0.03) 0.57 (0.01) 0.57 (0.02) 99&
RS13373844 | Outliers Excluded 0.58 (0.03) 0.57 (0.01) 0.55(0.01) 0.456
DDAH1 — All Patients 0.56 (0.02) 0.57 (0.01) 0.59 (0.02) 449
RS7521189 | Outliers Excluded 0.56 (0.02) 0.57 (0.01) 0.56 (0.01) 0.865
DDAH2 — All Patients 0.58 (0.09) 0.57 (0.02) 0.57 (0.01) 9W
RS3131383 | Outliers Excluded 0.58 (0.09) 0.57 (0.02) 0.56 (0.01) 0.669

Data reported as: “Mean (SEM)”, with p-values fradme-Way ANOVA. DDAH =
Dimethylarginine dimethylaminohydrolase
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Table 3: Results after splitting of patients in tertiles

ADMA umol/l
<0.5 0.5-0.6 >0.6 p-Valug
DDAH1 - RS2474123 0.55
minor allele 10 (25%) 17 (43%) 13 (33%)
carrier 26 (28%) 33 (36%) 33 (36%)
major allele 22 (36%) 24 (39%) 15 (25%
DDAH1 - RS669173 0.31
minor allele 11 (38%) 10 (34%) 8 (28%)
carrier 34 (34%) 35 (35%) 31 (31%)
major allele 13 (20%) 29 (45%) 22 (34%
DDAHL1 - RS13373844 0.98
minor allele 4 (33%) 4 (33%) 4 (33%)
carrier 27 (31%) 32 (37%) 27 (31%)
major allele 27 (28%) 38 (40%) 30 (32%
DDAH1 - RS7521189 0.60
minor allele 13 (39%) 12 (36%) 8 (24%)
carrier 31 (30%) 37 (36%) 34 (33%)
major allele 14 (24%) 25 (43%) 19 (33%
DDAH2 - RS3131383 0.98
minor allele 1 (25%) 2 (50%) 1 (25%)
carrier 14 (28%) 20 (40%) 16 (32%)
major allele 43 (31%) 52 (37%) 44 (32%

Data reported as: “N (%)”, with p-values from Fistig exact tests



Table 4: Comparison of ADMA across genotypes for each efganes

All Patients Ouitliers Excluded
Coefficient p-value Coefficient p-value
DDAH1 — RS2474123
Gene Category 0.307 0.641
Minor 0.043 (-0.013, 0.098) 0.130 -0.005 (-0.05242) 0.844
Carrier | 0.012 (-0.034, 0.058) 0.610 0.014 (-0.024052) 0.470
Major - - - -
Age 0.000 (-0.002, 0.002) 0.835 -0.001 (-0.00200)0  0.427
HOMA" 0.010 (-0.009, 0.029) 0.310 0.012 (-0.004, 0.028) 0.142
ESR' 0.023 (0.009, 0.036) 0.001*% 0.020 (0.009, 0.031) .000*
DDAH1 — RS669173
Gene Category 0.346 0.981
Minor -0.036 (-0.098, 0.025) 0.244 -0.004 (-0.06®47) 0.872
Carrier | -0.029 (-0.073, 0.015) 0.198 0.000 (-0.08:038) 0.979
Major - - - -
Age 0.000 -0.002, 0.00z 0.78: 0.000 -0.002, 0.001 0.51¢
HOMA" 0.010 -0.009, 0.03( 0.29¢ 0.011 -0.005, 0.02¢ 0.17(¢
ESF’ 0.024 (0.010, 0.03 0.001* 0.020 (0.009, 0.03 0.001*
DDAH1 — RS13373844
Gene Category 0.921 0.284
Minor -0.005 +0.089, 0.07¢ 0.90¢ 0.017 +0.052,0.086 0.621
Carrier | 0.007 +0.034, 0.04¢ 0.72i 0.027 +0.007, 0.06z 0.11¢
Major - - - -
Age 0.000 (-0.002, 0.002) 0.733 -0.001 (-0.00200)0 0.471
HOMA” 0.011 (-0.009, 0.030) 0.277 0.012 (-0.004, 0.028) 0.145
ESR 0.023 (0.010, 0.037) 0.001*% 0.021 (0.009, 0.032) 0.081*
DDAH1 — RS7521189
Gene Catego 0.40: 0.971
Minor -0.028 (-0.088, 0.033) 0.367 0.006 (-0.044050) 0.812
Carrier | -0.030 (-0.075, 0.015) 0.194 0.003 (-0.08%41) 0.870
Major - - - -
Age 0.000 (-0.002, 0.002) 0.814 -0.001 (-0.00200)0  0.495
HOMA" 0.011 (-0.009, 0.030) 0.272 0.012 (-0.005, 0.028) 0.161
ESR' 0.023 (0.010, 0.037) 0.001*% 0.020 (0.009, 0.032) 0.081*
DDAH2 — RS3131383
Gene Category 0.928 0.53]
Minor 0.024 (-0.114, 0.162) 0.735 0.036 (-0.07150) 0.530
Carrier | 0.005 (-0.041, 0.051) 0.829 0.019 (-0.00957) 0.329
Major - - - -
Age 0.000 (-0.002, 0.002) 0.764 0.000 (-0.002, D)0OO 0.597
HOMA" 0.011 -0.008, 0.031 0.26: 0.012 -0.004, 0.02¢ 0.13¢
ESF’ 0.023 (0.010, 0.03 0.001* 0.02( (0.009, 0.031 <0.001’

Results from multivariable general linear modelat®reported as: “Coefficient (95%
Confidence Interval)"’Factor was log-transformed, hence the coefficient represents the
increase in ADMA for a two-fold increase in thettac*Significant at p<0.05

ESR = erythrocyte sedimentation rate; DDAH = Dimgginginine dimethylaminohydrolase
HOMA = homeostasis model assessment
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Figure 1: Linkage Disequilibrium plot of DDAH-1 ges polymorphisms.
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ADMA is an endogenous inhibitor of NO and an emerging risk factor for endothelial
dysfunction

ADMA levels are increased in RA but the mechanisms responsible for this remain to be
determined

DDAH genes variants investigated in this study do not appear to influence ADMA levels in
our population of RA patients.




Supplementary table- Power calculation: minimal detectable differences

Minor Allele Minor vs. Carrier vs.

vs. Carrier Major Allele Major Allele
DDAH1 - All Patients 0.09 0.10 0.07
RS2474123 | Outliers Excluded 0.07 0.07 0.07
DDAH1 — All Patients 0.09 0.11 0.07
RS669173 | Outliers Excluded 0.09 0.08 0.06
DDAH1 — All Patients 0.13 0.15 0.07
RS13373844 | Outliers Excluded 0.13 0.10 0.06
DDAH1 — All Patients 0.08 0.11 0.08
RS7521189 | Outliers Excluded 0.08 0.08 0.06
DDAH2 — All Patients 0.22 0.24 0.07
RS3131383 | Outliers Excluded 0.22 0.19 0.06

Quoted values are minimal detectable differences between groups from post-hoc power calculations,

based on independent samples t-tests, with 80% power and 1.67% alpha.




