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Hypo-methylation of the TNF-a gene predicts methotrexate induced remission in RA.
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Abstract

Objectives

The 'Treat-to-Target' approach significantly improves treatment outcomes in rheumatoid and
psoriatic arthritis (RA/PsA). Methotrexate (MTX) is commonly used as a first-line treatment
upon diagnosis. However, 50-70% of treated patients do not achieve clinical remission after 6
months. We previously developed a quantitative methylation-sensitive qPCR (qQMSP) assay to
quantify DNA-methylation levels of the TNFA gene. We demonstrated its predictive value for
RA diagnosis. Here, we assessed the utility of this gqMSP-assay for predicting MTX\treatment
outcome and investigated changes in DNA methylation levels after 6 months of MTX.
Methods

Early untreated RA (n=201) and PsA (n=77), were included with healthy controls (n=39). The
TNFA-gMSP assay was performed by gPCR on bisulphite-convertgd DNA €xtracted from frozen
peripheral blood mononuclear cells. The outcome predictive-value efDNA-methylation levels
was analysed using binary logistic regression and area-under=the-gurve (AUC).

Results

Pre-treatment DN A-methylation levels of the TNFA"gene were reduced in RA (p=1.8x10-13) and
PsA (p=0.007) compared to controls. Higher"\DNA-methylation levels were associated with
MTX-induced remission in RA (AUC=0.72L)*and substantially improved the performance of a
predictive model when combined with*elinical data (AUC=0.760) compared to clinical data only
(AUC=0.699). Levels of methylationweduced over time, irrespective of response to MTX in RA.
In PsA, DNA-methylation level§ were not associated with treatment outcome.

Conclusion

The TNF qMSP as§ay has potential clinical utility as a biomarker for predicting MTX-induced
remission spegifically in early RA, but not in PsA. However, MTX does not appear to prevent

the reduction of BINA-methylation levels at the TNFA loci over time.
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Introduction

Chronic inflammatory arthritis (IA) such as rheumatoid arthritis (RA) and psoriatic arthritis
(PsA) affect approximately 1-2% of the population, and if untreated, results in reduced quality
of life and increased mortality'- 2. The chronic inflammation occurring in both RA and PsA
results in pain, swelling, stiffness affecting peripheral joints and/or spine with prevalent

structural changes leading to loss of function and disability.

In early inflammatory arthritis, prompt and effective treatment significantly benefits both shott-
and long-term outcomes3-. This principle is central to the "Treat-to-Target" (T2T) approach®: 7,
which aims to maximize the achievement of clinical remission (defined by the composite disease
activity score, DAS28 in RA). This is achieved through drug escalation if"\DA'S28 remission
(<2.6) is not met at pre-specified time points. While this treatment @approach has improved
outcomes in early IA, more than half of patients do not achieve refission®!°. Mechanistically,
methotrexate (MTX) is believed to exert some of its effSets bysinterfering with DNA-

methylation!!-14,

We previously reported that reductions in naive CD4sT-c€ll frequencies occur very early in RA
disease progression!> and in pre-clinical diSease'$ and can predict both the likelihood of
progression to RA and the occurrence of MTX=induced remission in early RA® 1016 Tn addition,
genetic associations with loci relat€dyto the epigenetic modification machinery have been
observed in RA!""°, This ledpus te demonstrate that changes in DNA-methylation occur
specifically in naive CD4+T-¢ells, dacross many genes and notably the tumour necrosis factor-
alpha (TNFA), in early, Untreated RA?°. These findings provide a biological context for the role
of naive CD4+T-c€lls gemodelling in RA pathophysiology. Similarly, in synovial fibroblasts
from RA patiesits,the BNFA gene was found to be demethylated?!.

Quantitatiye methylation specific qPCR (qMSP) is an innovative technology measuring levels
of DNA-methylation at specific CpG-sites?? which has potential as a biomarker test as it is easy
toyperform (based on PCR). This technology targets a specific CpG-dinucleotide and measures
change in its methylation status, hence is designed for a specific single cytosine detecting
whether it is methylated. In previous work, we developed an assay to quantify levels of DNA-
methylation in the TNFA gene? and demonstrated the predictive value of this biomarker for RA
classification?® independently of anti-citrullinated protein antibodies (ACPA)-positivity,
confirming our previous observation of change in DNA-methylation at the genome wide level?°.

Furthermore, we observed reduced TNF'A DNA-methylation levels in 16 PsA patients compared

Page 4 of 31
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to healthy controls?* and differential methylation of the TNFA gene has also been reported

between PsA patients with and without skin involvement?.

In this study, we aimed to assess the value of the TNFA-qMSP for predicting the achievement of
MTX-induced remission in early drug naive RA and investigate its potential value in MTX-
treated PsA patients. In addition, we investigated the effect of MTX on DNA-methylation of the
TNFA gene 6 months after MTX treatment.

Patients and Methods

Patients

All participants provided informed written consent prior to recruitment|

The Leeds Inflammatory Arthritis Disease Continuum (IACON, Natiofial Research Ethics
Service, West Yorkshire Ethics Committee REC approval: 09/H1307/98) is a longitudinal cohort
register of early IA symptoms with <24 months of duration, also, including healthy controls
(HC). Data used for this project include age, sex, sfiiokingy, symptoms duration at inclusion,
presence of rheumatoid factor and anti-citrullinatedspeptide autoantibodies (rheumatoid factor
[RF]/ACPA), tender/swollen joints count (TJG/SJC), C-reactive protein levels (CRP), patient
global health (VAS-GH) and a calculated “disease activity score (DAS28). Patients were
classified as RA using EULAR 2010"€riteria or PsA with CASPAR criteria.

Newly classified RA patients ingluded in/this cohort, were prescribed MTX according to national
guidelines, starting at 15mg/we€k and escalating to 25mg/week over 8 weeks if not achieving
remission. We identifiéd those who had recorded data over 6 months allowing us to assess
disease activity and the achievement of remission (DAS28<2.6). Additional conventional
synthetic disgdsezmodifying anti-rheumatic drugs (cs-DMARDs: sulfasalazine [SLZ] or
hydroxychleroquin€ [HCQ]) were allowed if low disease activity was not achieved at 3 months.
In early RA, 65% of the patient not achieving remission did not escalate to multiple therapy
before 6 months, 17% added a 2" synthetic at 3 months due to lack of response and 3% started
onMTX + HCQ (missing beyond baseline for 5%). Patients achieving remission at 3 month and
6,months escalated doses of MTX but did not add another DMARDs. The PsA cohort included
DMARD naive PsA patients who then received MTX, starting at 15mg/week and escalating to
25mg/week over 4 weeks following inclusion in the placebo arm of the GOLMePsA clinical trial
(Ethical approval granted by the East Midlands, Northampton Committee; reference,
14/EM/0124; EudraCT 2013-004122-282%%). Demographic data and clinical variables were

retrieved from the trial database (age, sex, symptom duration, smoking, CRP, TJC/SJC, VAS-
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GH). Psoriatic arthritis disease activity score (PASDAS) < 3.2 and ACR20 were the trial scores

used to assess treatment response at 6 months.

For HC, only age and sex were reported.

Samples
All participants provided a 9 mL blood samples. Peripheral blood mononuclear cells (PBMC)

were separated and cryo-preserved (10% DMSO at -150°C). Genomic DNA was extracted ffom
frozen PBMC using a commercial QIAamp kit (DNA Blood Mini), according to manufagturer™s
protocol. DNA quality and concentration were asserted (spectrophotometer ND100Q0). BiSulphite
conversion was performed using the DNA-Methylation Gold Kit (Zymo Res€arch)Mollowing

manufacturer’s protocol.

gMSP assay

The development of qMSP assays was extensively describedyin ®fir previous publication®
including all validation steps relative to the conditions ‘and ‘optitmization needed for a qMSP
assay. This process is described in Supplementary Data'S 1. Primer and probes used were: for the
TNFA gene assay: F-5-TTTCGGAATCGGAGTAGGGAG, R-5’-
ACCCTACACCTTCTATCTCGATTTCTT, Probe-5’TTGGGTAGTTTTGGAGTTTTTAGT
TG; for the GAPDH gene assay: F-5’-TIGGGTAG TTTTGGAGTTTTTAGTTG, R-5’-
AATACAACATCTCCTTACCCCCAAy Probe-5’-AGTTAGGTTAGTTTGGTAGGGAA. The
assay results are expressed as % of DNNA-methylation at the specific CpG site in the TNFA gene.

Statistics

Data are describedtwsing median and interquartile range (IQR) as not normally distributed.
Normality wa§ asSessed using Kolmogorov-Smirnov’s test. To compare difference between
groups Man-Whitfiey-U (MWU) were used for continuous variables, Chi? (X?) were used for
categericalwatiables. No adjustment for multiple testing was made at the univariate stage in
deseriptive tables. Covariance was analyzed using Spearman correlation. Missing data were
lumited and mainly related to missing GH (hence DAS28) for RA cases. Data were missing at
random for all other variables in the 3 diseases (confirmed by Little’s MCAR test). For
multivariate analysis, binary logistic regressions using Enter or Forward methods were used to
build models sequentially. Odd ratio (OR) was used to estimate the likelihood of an outcome
occurring in one group compared to another, and area under the ROC curve (AUC) analysis was
performed to establish predictive performances. A bootstrapping technique was used (500

permutations, automatic function) to calculate a discriminating index correcting for optimism
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between the predicted and actual outcome for the best regression models (95% CI of the AUC).
Regression models used both forced-entry (Enter) and forward-selection (Forward) procedures.
The forced-entry approach included all variables simultaneously whereas the forward-selection
procedure retained only variables providing a significant incremental contribution to the model.
The comparison of these approaches enabled an assessment of the relative importance, stability,
and predictive value of the candidate predictors. Additionally, descriptive performances of the
models (sensitivity/specificity, positive/negative predictive values (PPV/NPV)) were calculated
from the classification matrix of logistic regressions. Missing data imputation was performed
before the regression (5 cycles of imputations). Then, a pooled dataset was created for analysis,
and after verification that ORs were not affected by the imputation process, the pooled dataset
was used in the regression. To account for possible overestimation of the model pe€tformance, a
95% CI of the AUC (using bootstrapping with 500 permutations) of ea¢h model was generated.
A t-test to compare the distribution of 500 AUCs generated for thefforward®models, with (model
3) and without (model 2) the gqMSP data was performed. A retfespeetive power calculation was
also performed and suggested that an n=201 allowed for greatégthan 80% power. All the analyses
were conducted using SPSS software version 29 (IBMg=Armonk, NY, USA). The level of

significance was set at p<0.05. Figures were genefdted using GraphPad Prism 8.2.0 software.

Results
DNA-methvlation levels of the TNF A"&ene

We included 39 HC, 201 RA patientS\and 77 PsA patients. Despite intermediate median age and
% of females in HC, the 3 groups were not significantly different for these 2 characteristics. We
compared DNA-methylation levels of the TNFA gene (Figure 1A). As expected?’, DNA-
methylation levelsdyere highly significantly reduced in RA compared to HC (p=1.8x1013). In
PsA, levels wefe also reduced but less significantly compared to health (Table 1, p=0.007) and

with a wideddistribution of values.

Similar t@ our previous report?®>, DNA-methylation levels were not significantly correlated with
age (trend rho=-0.200, not significant) or sex in RA. We observed no association between DNA-
methylation level and any clinical variables (duration of symptoms, TJC, SJC, CRP, RF, or
ACPA, DAS28, full details in Supplementary Data S1, n=201), despite possible trends for
reduction with CRP, TJC or SJIC (tho<-0.180). Of note, 15% of patients at referral to hospital for
I8t visit, had received a local intramuscular steroid injection within the 3 months preceding
referral, which had no detectable effects on DNA-methylation levels (as previously reported??).
Similarly, there was also no association of DNA-methylation levels with any of the PsA related

variables.
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DNA-methvlation levels after 6 months of treatment with MTX

From the IA register, we identified 32 patients with paired samples at baseline and 6 months
post-MTX treatment for RA and 26 pairs for PsA (Figure 1B). Forty-three patients showed a
reduction of DNA-methylation at 6 months and 15 had an increase. Significantly more reductions
in DNA-methylation levels were observed in RA (4 rise, 28 loss) while not in PsA (8 rises/3 no
change/15 losses, Chi? p=0.0106). At the group levels, (box plot on figure 1B), there wasran
overall reduction of DNA-methylation levels in RA samples over 6 months (MWU, p=0.02%)
while only a trend in PsA (p=0.093).

Individual paired-change in DNA-methylation between baseline and 6 months,are*eported in
Figure 1B (dots-lines). Using paired-test, levels of DNA-methylation reduceéd 6vertime in RA
(Wilcoxon test, p=8.4 x10-*) but not in PsA. Furthermore, the wide distributions of data observed
at baseline in PsA were reflected in the breath of changes at 6 ménths (Figure 1C, increase of
>+10% and reduction of -15%), while this was less marked iRA«F2.5%/-5%). The smaller

baseline values in RA may, however prevent large reductionsito be observed.

Relationship between DNA-methylation levels andFesponse to MTX in RA

Follow-up in RA patients receiving MTX, established that 111/201 (55%) achieved remission
(DAS28<2.6) at 6 months, only escalating8M%EX doses. Patients not achieving remission also
escalated MTX doses for 65% of cas€"ayer 6 months, while adding SSZ or HCQ at 3 months in
17% of cases (3% started on MTXHHCQ and 5% had no follow-up information on added
DMARDs). DNA-methylatiomj€vels were significantly higher in patients achieving remission
compared to no remission (Eigure 2A, MWU, p=7.3 x 10®).

We investigated whether changes in DNA-methylation levels over 6 months of MTX treatment
were more profiouncedvbased on the response groups (Figure 2B). In RA, we observed a trend
for larger eduction/in the remission group (n=18, median -2.25%) compared to the non-response
group_(n=14, #0.87%, MWU p=0.101), and there were clearly more reductions (17/18) in the
remissionl group than in the non-response group (11/14, Chi%, p=0.075). Therefore, DNA-
thethylation levels were reduced at 6 months irrespective of response although more consistently
1 patients achieving remission, which most likely stem from the fact that levels at baseline were

still high, while already reduced in the non-response group.

Relationship between DNA-methylation levels and response to MTX in PsA
Similarly, 29 PsA patients received MTX and 10/29 (35%) achieved PASDAS remission (<2.6)
and 15/29 (52%) showed ACR20 response. TNFA DNA-methylation levels were not associated

with response to MTX using either PASDAS-remission (Table 2 and Figure 2A), ACR20, or
7
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even PASDAS response (<3.2, data not shown). Median change in methylation levels did not
seem to differ with response groups (Figure 2B) and in fact, showed opposite direction for
PASDAS and ACR20, confirming the lack of relationship. Furthermore, no single parameter was

associated with response to MTX in PsA, preventing any further model development.

Impact of TNFA gene DNA-methylation levels on predicting treatment response in RA.

Individually, in addition to TNFA DNA-methylation levels, 4 clinical variables (TJC, SJC, VAS-
GH, and DAS2S), showed unadjusted associations with remission (Table 2, MWU), and
predictive OR with significant AUC. DNA-methylation levels of the TNFA gene were the most

strongly predictive of the remission outcome (Figure 3A, AUC=0.721, p=7.3 x,10-°)

We proceeded first, to a binary logistic regression analysis of all parameters to detérmine which
may be of greater importance without (reference) and then including the TNE4 qMSP data, for
the prediction of remission induced by MTX. The reference modé€l using™all clinical variables
(Table 3, Enter) has a relatively high accuracy (70%) and AU€=0.204", while only 2 variables
significantly contributed (TJC and VAS-GH) to the prediction, A/2" model (Forward, entering
all variable but allowing the model to select the relevafitenes),confirmed that TJC and VAS-GH
were sufficient to build to the model, while with lWwegaccuracy of 65.2% (suggesting that other
variables have a non-significant contribution{te the prediction) but a similar AUC=0.699 to
Model-1 (Figure-3B). Adding the results of the 7NFA-qMSP (model-3), modestly improved
accuracy (+1.1%) over model-1 (Enter) but largely over model-2 (Forward +5.9%), with an
increased AUC=0.760 (+0.059), clearly showing that these 2 clinical variables added to the
predictive value of the TNEA-qMISPsassay by itself. Despite TIC/VAS-GH being components of
the DAS28 score, model-4%asing DAS (instead of it 4 components) did not improve the overall
accuracy (71.1%), although a further gain in AUC=0.774 (+0.014) was observed. A retrospective
power calculation confirmed that an n=201 was providing >80% power for the regression. A T-
test usinggthe 500, permutations of the bootstrapping procedure used to generate the 95% CI of
the AUCH\was significant when comparing model 3 (Forward, clinical+qMSP) and model 2

(climical gnly, p=0.038).
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Discussion

Our study demonstrated the capacity of a recently developed qMSP assays to provide robust 15
time in human data for patient management. This is however disease specific, and the choice of
the right gene to design the qMSP assay was critical. Our data suggests that the TNFA-qMSP
could be a suitable biomarker in RA, predicting MTX-induced remission with better model
performance and added-value over clinical parameters alone. This assay may not have value in
PsA, despite being significantly reduced compared to health, as possibly not sufficiently poweted

to detect an association with MTX treatment outcome.

The mechanism of action of MTX is complex, and thought to be related to interfeétences with
DNA-methylation'!-14, while also mediating multiple change in arthritis related events, including
reduced neutrophil adhesion?, inhibition of IL-127, IL-628, and IL-8 production?, suppression of
cell-mediated immunity3® and inhibition of collagenase gene expression®”. MTX inhibits the
enzyme methionine-adenosine transferase, reducing levels of methionine and S-adenosyl-
methionine, hence reducing the availability of the methyl, doher for DNA-methylation by DNA
Methyltransferases and is therefore expected to redfice=RNA-methylation over time. MTX-
treated RA patients showed better Treg suppressivé€function®?, which was indeed related to de-
methylation of the FOXP3 gene (bisulfite sequéncing) in MTX-treated cells in tissue culture. In
RA again, changes over of 4 weeks of MTX 'i4 individual CpG sites (2 reduced/2 increased
levels, ADRA2C, GATA3, miR182"SNORDS4 genes) were associated with good EULAR
response?3, however no outcome prédictive value was reported in this study. Therefore, while
low-doses appear to reduce DNA-methylation in these RA studies, there is mixed evidence for
both increase and reduction,in DNA-methylation at the higher doses used in cancer®*-3¢. Our
results at 6 monthséare an line with those previous data in RA adding a T-cell specific CpG site
in the TNFA gene, with continued reduction, whether or not patients respond to treatment.
Furthermore; althodgh the assay used measures methylation levels at a single CpG, this site is
part of alarger region fully demethylated in RA as previously reported over at least 273 base
pair with!8 consecutive CpG sites consistently showing ~90% demethylation (by sequencing)?.
This region is specifically demethylated in early RA CD4+T-cells?®, while no evidence of
demethylation over the whole TNFA gene was observed in monocytes in the same study. This
was nonetheless associated with higher levels of circulating TNF being expressed in early RA?°
and it could be of interest to address whether continued demethylation of the TNFA gene has also

an effect on TNF expression over time.

Higher global DNA-methylation (liquid chromatography and mass spectrometry) before

treatment were observed in RA and associated with poor MTX response®’. By contrast, our
9
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results support that the loss of DNA-methylation at a specific CpG-site of the TNFA gene has
biomarker value for response to MTX in early RA. Furthermore, this was not related to duration
of symptoms at baseline, nor to the presence of systemic autoimmunity (ACPA/RF) and by
extrapolation probably the genetic predisposition associated with ACPA-positivity; neither was
it related to environmental factors (such as smoking) or disease burden (joint counts or CRP).
Overall, these findings support the added-value of this biomarker as a predictor of MTX-induced
remission, in addition to its validity as a stand-alone diagnostic biomarker, (i.e independent of
other tools/tests used to classify RA as previously shown?3). Nevertheless, our data also suggést
that there is still room for improving the prediction of MTX-induced remission in eatly RA and
that further research is needed to establish which particular combination of individual'biomarkers
can be used to personalize the use of MTX, for example combining qMSP ferI/NFA with data

on naive cell frequencies by flow cytometry® 1016,

Various mechanisms may drive this epigenetic remodeling. Ofig previous data suggested a role
for IL-62°, with a high specificity for remodeling for thig patticular CpG of the TNFA gene in
early TA evolving to RA, but not towards other forfiis=ef3lA%3. Here, we did not identify a
relationship with inflammation (not significarf™despite trends for reductions of DNA-
methylation levels with CRP, JCs), however, femodeling may have happened before onset of
inflammation (pre-RA phase) and as such cerfelations may no longer be observable. Therefore,
the use of this test in pre-clinical RArSamples would allow timing of such events (i.e. epigenetic
remodeling) and may narrow the windows of time to focus the search for events triggering

epigenetic remodeling and by extension, disease progression.

In PsA, the methylation'levels observed in our study were very heterogeneous (at baseline and 6
months). Thesg’'were also widely distributed in HC. These observations strengthen the conclusion
that this particulas/CpG is probably not relevant as a biomarker in PsA, although they do not
preclude ‘the goncept that a PsA-specific CpG site may be identifiable and could provide a
biomarkeér for this disease alone. Our initial search was indeed focused on RA-specific CpGs,
Suwitable to design qMSP assays, while the difficulties imposed by the local sequence resulted in
many assays failing to achieve the requirements for gMSP?% 23, Of note, a commercial IL-17A4
gene qMSP-assay is available (surrogate of Th17 as % of CD4+T-cells) and we used it to show
that it had value for RA classification®. This assay may be more relevant in PsA where Th17

cells have a more prominent role3°.

Our study has several strengths. During the optimization of gqMSP-assays, the biological material

source is extremely important as, in mixed cell type samples (like blood), the abundance of the
10
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cells harboring the change in DNA-methylation levels is crucial. The TNFA assay was
normalized to all cells in the sample (reference gene GAPDH), while in contrast the commercial
IL174 assay used whole blood (WB) and normalization to the CD4 gene3®, while there is no
predictive value for the CD4 biomarker itself for classification or for MTX treatment outcome
by flow cytometry (CD4+T-cells® and unpublished observations) or by gMSP (CD4/GAPDH)3®.
We already demonstrated the robustness of the 7NFA assay using a CpG localized in a CD4+ T-
cell tissue specific part of TNFA promotor (different from B-cells, monocytes jand
granulocytes®?) that is furthermore specifically demethylated in early RA?? and was detectable
in purified total CD4+T-cells as well as in PBMC as the material source for DNA ‘andsalso in
WB (Supplementary Data S1). Therefore, even if CD4+T-cells represent only,.a small fraction
of cells in WB, the differences between RA and controls previously obseryed TH*DNA from
different sources (as detailed in our assay optimization paper)?, suggestgthat a WB-DNA
template, would still perform well using such CD4+T-cell specifig’CpG as“in this TNFA-qMSP
assay, WB being more suitable for a routine test in daily clinicdlpractie€. Nevertheless, it would
be important to validate the robustness of the predictive valucwf our data using external cohorts,
recruiting similar early (less 24 months symptom duration)=DMARDs naive RA patients, treated
with MTX in a T2T approach and using DAS2852%6,as outcome. Testing WB as a source of
DNA, notably to facilitate a transfer of technologyyto hospital services where PBMC are not
routinely separated will also be critical to [imitsyariation introduced by other aspects of sample

processing/handling.

On the other hand, it is important tosmote that the effect of drugs on lineage cell composition of
PBMC could be interfetingywith qMSP measurements due to the tissue specificity used in the
design of such assdys (while not all designs may include this constrain), that could limit the
interpretation @f gMSPvdata. MTX is known to alter individual subsets of B-cells or monocytes
cell surfagesmarker’shedding*® 4! although it has no reported effect on the PBMC composition
all lincages confounded*> 43 and for CD4+T-cells data reported in previous publications on
biomarkérs from our group using flow cytometry® 1% or using a CD4 gene qMSP assay?®. It is
therefore unlikely, although not formally excluded, that the 7TNFA-qMSP assay may be
mfluenced by such changes in our data (as we have not used the CD4 gene qMSP assay here),
while the assay was also designed in a CD4+T-cell specific region of the promoter?? that would

not be affected by methylation changes in other cell lineages.

Limitations of our work include the lower number of subjects available in the PsA group treated
with MTX (compared to the RA group) which may limit the statistical power and generalisability

of the results in this disease. Both cohorts were newly diagnosed, treatment naive to disease
11
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modifying therapies and of relatively short disease duration. MTX treatment escalation was
faster in the PsA group than in the RA group, while this was not associated with a predictive
value of the TNFA-qMSP in PsA. Whilst we could only include 201 RA patients, with 10
variables and 55% remission rate, the models developed had sufficient participants to achieve
>80% power (calculated retrospectively), and model-3 and 4 clearly demonstrated added-
predictive value over the use of clinical data only, showing high sensitivity (77/75%) and AUC
(0.760/0.774). Despite the risk of overestimating the predictive performance of the models due
to being developed and evaluated within the same dataset, bootstrapping was used to mitigate
optimism bias and the increase in the AUC median (500 permutations (and 95%, €1) was
significant. External validations in independent cohorts nonetheless remain criticaldto confirm
the generalisability and clinical applicability of this novel biomarker.

Furthermore, the results of the TNFA-qMSP could be dichotomized f@r easy decision-making
(i.e. as proposed for RA classification of for ACPA-negative patientS)?*, HET, a cut-off set above
4% would have stratified 56/201 (28%) patients as high-chdnce ofsdchieving MTX-induced
remission, in whom 44/56 (80%) actually achieved remission. The test further predicted that
90/201 (45%) patients would not achieving remissiofifand=78/90 (87%) did not indeed, whom
could have been directed to a more aggressive treatfent early, avoiding continued inflammation
and the accumulation of damages. This suggests, that a rule with 80% of chance for being right
in choosing MTX and even better chance fongietiusing it alone (adding further DMARD:s early),
could be designed for the managemefitwf early RA and tested prospectively to improve 1% line
treatment outcome. Finally, the last Jurdle in any biomarker research program, remains
replication. A second (external)’cohort is therefore needed to validate our findings before any
clinical utility can be brfough forward by our data (followed by a cost analysis) considering the
benefit to patients/sOcigty of achieving remission as early as possible in the course of RA.

In conclusiongourydatavproposes a novel biomarker for predicting MTX induced remission, the
TNFA-qMSP-assay, with potential clinical utility in early RA, but not in PsA where a qMSP-
assay for'other gene(s) may be more relevant. Further research is needed to test the value of this
assay as & biomarker of response to TNF-inhibitors, which remains an area of unmet need in RA.
Our past research has also identified other biomarkers of MTX-induced remission® 1% 38 and
ultimately, multi-biomarker studies are needed to achieve sufficient discrimination towards
defining stratification rules for personalizing the use of MTX in early RA. These findings should
be interpreted as hypothesis-generating and require external validation in independent cohorts

before clinical implementation.
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Figure legend

Figure 1: DNA-methylation levels of the TVFA gene

A) The TNFA-gMSP assay was performed on DNA from in 39 HC, 201 RA and 77 PsA patients.
Levels were reduced in RA (MWU, p=1.8x10"13), and in PsA (p=0.007) compared to HC.

B) The TNFA-qMSP-assay was performed in 58 paired baseline/6 months post MTX treatment
samples, in 32 RA (left panel) and 26 PsA (righ). At the distribution levels (grey box-plots), there
was an overall reduction in levels of DNA-methylation over 6 months in RA (MWU, p=04025)
while only a trend in PsA (p=0.093). Reductions in DNA-methylation levels at 6 aonths as
paired-data were observed more often than increases in RA (Wilcoxon test, p=8.4 x10-*)In PsA,
no particular direction of change was observed.

C) Change in DNA-methylation levels (delta) between baseline and 6 memths‘were calculated.
There was no significant difference in the amplitude of changes between RA and PsA (MWU,
NS). However, increases were observed only in 4/32 RA pairs,while 8/26 reductions were
observed in PsA pairs in addition to 3 no-change, which representa significant difference in the
direction of changes between the 2 diseases (Chi2, p=0.0106).

Alt text: This figure presents data of DNA-methylation (as individual data points representing %
of DNA methylation) at the TNFA locus in healthy €omntrols and patient with RA or PsA. Two
further panels present data matched for each ‘patient between results at baseline and after 6
months of treatment with MX in RA and in PsA. Another panel presents data of the difference
in levels of methylation in RA and PsAfcalculated between levels after 6 months of treatment

compared to baseline.

Figure 2. Association’between DNA methylation levels on response to MTX

A) DNA-methylation levels in 201 RA patients received MTX were higher in 111/201 (55%) of
patients dchieving remission (Rem) compared to not (No rem) (MWU, p=7.3 x 10®¥). DNA-
methylation*fevels were not associated with either response in 29 PsA patients who received
MTX,and achieved PASDAS-remission (10/29) or achieved ACR20 (15/29).

B) Changes in DNA-methylation levels at 6 months (delta) were not different between any of
the response groups in PsA, while possibly showing a trend in larger reduction in RA in
remission (MWU, p=0.101). Direction of changes (increase/reduction) was also not associated
with response.

Alt text: This figure presents data of DNA-methylation (as individual data points representing %
of DNA methylation) at the TNFA locus in patient with RA or PsA separated based on whether
they achieved DAS-remission for RA and PASDAS remission or ACR20 for PsA after 6 months
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of MTX treatment. A second panel present the same data but calculated as a difference between
data, matched for each patient between results after 6 months of treatment with MTX compared

to baseline.

Figure 3. Predictive value of the TNFA-qMSP assay

A) A ROC analysis was performed using DNA-methylation levels of the TNFA gene as predigtor
of remission at 6 months in RA. Area under the ROC (AUC) is used to display result
(AUC=0.721, p=7.3 x 10'%).

B) A ROC analysis was performed using the individual patient’s probability,calculatéd in 4
regression models. Using the enter method the reference model (clinical datd dlene) had an
AUC=0.701. A forward approach model showed a similar AUC=0.699 {Combination of clinical
data with the DNA-methylation levels of the TNFA gene increased the predictive value of the
forward model (AUC=0.760). Using DAS28 (instead of TJIC/SJE, CRR4and VAS-GH), increased
further the performance of the model (AUC=0.774).

Alt text: This figure presents ROC curve analysis of tHg"value, of DNA-methylation levels at the
TNFA locus for predicting MTX-induced remissi@fmin RA patient at 6months. A second panel
present the value of adding the data on DNAsmethylation to clinical data in modelling the

prediction of MTX-induced remission in RA,
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Table 1: Patient characteristics

Data are described using n (% of pati
arthritis, PsA: psoriatic art
antibodies, TJC: tender joimts

visual analogic scale, D&di
Score nky

. BASDAI: Ba

Rheumatology

Missing RA PsA HC
data (n) | (n=201) (n=77) (n=41)
TNF methylation levels (%)* 3.6 [1.8] 6.4 [3.9] 7.3 [6.0]
Age * (years) 56 [22] 39 [12.7] 49 [17]
Female sex n (%) 150 (75%) | 39 (51%) 25 (61%)
Symptoms duration (months)* 4 5.5 [8] 9.5 [30.9]
Smokers (past & current) n (%) 6 117 (58%) | 39 (51%)
RF positive (%) 0 94 (47%) 3 Q
IACPA positive (%) 1 106 (53%)
Tender joint count* 9[12] 41[5.1]
Swollen joint count* 417] 2 0
CRP * (mg/L) 10 11 [45] %
32inRA
\VAS-GH * 3 in PsA 504 6.6]
DAS28* 37 4.8 [2:
PASDAS 15 5.8 [1.2]
BASDAI* 10 [8]

O

O

?\

a

or * median [Inter Quartile Range]. RA: rheumatoid
¥rheumatoid factor, ACPA: anti-citrullinated peptide
JC: swollen joints count, CRP: C-reactive protein, VAS:
ase activity score 28 joints, PASDAS: PsA Disease Activity
ing Spondylitis Disease Activity Index,
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Table 2: Patient characteristics with respect to response to MTX (RA n=201, PsA n=29)

Rheumatology

AUC
Remission Not in remission MWU/Chi2
95% ClI
RA N=111 N=90 p-value (95% Cl)
p-value
0.721
TNF methylation 4.0[1.9] 3.0[1.7] 73x10-8 (0.652-0.790)
levels* 1.10-11. .60-5.92 ' ] e
evels (1.10-11.56) (0.60-5.92) 73 x10-8
0.525
58 [23] 56 [18]
A * 0.548 0.444-0.615
ge (vears) (20-86) (19-86) ( )
0.549
Female sex 4N
%) 79 (71.2) 71 (78.9) 0.211 (0.382:0.541)
° 0.347
0.495
Symptoms 5.5[7.5] 6.0 [8.3] 0.912 (0/414-0.577)
duration (months)* (0.5-24) (0.69-24) ' ' :
0.912
Smokers 0.525
n (%) 59 (54.1) 58 (67.4) 0.060 (0.444-0.615)
° 0.549
RE 0.433
N 45 (40.5) 49 (54.4) 0.049 (0.353-0.514)
positive (%)
0.111
0.497
ACPA
ositive (%) 58 (52.7) 48Y53.3) 0.932 (0.416-0.578)
P 0.941
0.344
Tender joint 6[1% 12 [10.25
et (0[ 25]) (([) ) ) 1,5x10-4 | (0.269-0.420)
1,5x10-4
0.407
Swollen joint 3 6[7.5
C(‘;antin join o [21]) (o[ 24)] 0.022 (0.328-0.485)
0.023
0.428
CRP (mg/L)* 9.8 [22] 13.7 [26.2]
(0-92) (0-201) 0.119 (0.346-0.510)
0.087
0.333
VAS-GH 47 [35] 52 [28]
6.4x10-5 0.250-0.417
(0-100) (2-100) X ( )
6.6x10-5
0.310
DAS28* 4.21[2.00 5.32 [1.64
2 Y 10[6 81]) 9 38[7 85]) 2x10-6 (0.228-0.393)
' ' ' ' 2x10-6
PsA Response No response p-value AUC
N=10 N=19 (95% Cl)
TNF methylation 8.4 [6.6] 7.6 [5.9] 0.526
o S 0.839 (0.301-0.751)
* 1.73-13.12 .54-16.
levels (1.73-13.12) (0.54-16.38) 0.819
0.587
Age (years)* 40 [26.5] 41 [29]
0.456 0.360-0.813
(28-65) (23-60) ( )
0.449
Female sex 0.308
3 (309 13 (689 0.064
n (%) (30%) (68%) (0.101-0.515)
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0.094
0.400
Symptoms 8 [15.6] 10 [28]
0.403 0.175-0.625
duration (months)* (2-89) (3-198) ( )
0.383
Smokers 0.437
n (%) 4 (40%) 10 (53%) 0.700 (0.214-0.659)
’ 0.083
0.466
Tender joint 41[7.3] 6 [7]
0.769 (0.242-0.690)
% _ -
count (0-11) (0-22) 0.766
Swollen joint 3.5[4.3] 3[2.0] 0.353 )&
count* (0-112) (0-7)
CRP 5.5[2.3 6[11
[2.3] (11] 0.456
(mg/L)* (5-25) (5-45)
26 [39] 51 [27] (
VAS-GH* 0.016 (0.031-0.427)
(5-78) (24-97) c; 0.018
0.289
5.5[1.8 5.7[1.3
PASDAS* (18] [1.3] .069 (0.092-0.486)
(3.3-6.1) (4.6-7.4)
0.066
0.213
BASDAI * 3[9.3] 8]
0.011 (0.013-0.414)
(1-14)
0.012

Data are described using n (% of patients), or edian [Inter Quartile Range] and (min-max). RA
rheumatoid arthritis, PsA psoriatic art RF rheumatoid factor, ACPA anti-citrullinated peptide
antibodies, CRP C reactive protein,@H visual analogue scale general health, DAS28 disease
activity score 28 joints. PASDAS; PsA#Disease Activity Score psoriatic arthritis. BASDAI: Bath
Ankylosing Spondylitis Dise< ity Index. MWU Man Whitney-U, AUC area under the curve,

Q

C)Q

?\
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Table 3: Predictive model of response to MTX in RA.
RA Unadiusted Model 1 Model 2 Model 3 Model 4-DAS
J (Reference) Forward Forward+TNF | Forward+TNF
. 1.886 1.825 1.933
TNF lr:f;iﬂla“o“ (1.466-2.425) (1.400-2.378) | (1.453-2.571)
73 x 107 8.0x10°6 6.0x10°6
1.004 1.007 1.021
Age (years)* | (0.986-1.022) |  (0.987-1.028) Not selected Notselected | (1 00-1.044)
0.689 0.489 0.051
Female sex 1.514 0.639 leted eted
(%) (0.789-2,905) |  (0.304-1.346) Not selecte Not selecte Kotkelected
° 0.213 0.239
Svmoton 1.004 1.001
durar f(’n‘fonihs)* (0.956-1.055) |  (0.947-1.058) Not selected Not selectgd Not selected
0.867 0.960
Smok 0.570 0.563
m‘(’(y‘;rs (0.317-1.025) |  (0.296-1.072) Not selected N selecged Not selected
oo 0.061 0.081
0.571 0.527
RE (0325-1.001) | (0.271-1.024) Not selected Nob selected | Nof selected
positive (%) 0.050 0.059
0.976 1.238
ACPA (0.558-1.706) |  (0.624-2.454) Not s8lgcted Not selected Not selected
positive (%) 0.932 0.542
Tender foint 0.937 0.939 0946 0.954
o (0.902-0.974) |  (0.895-0.986) (09940-0.984) (0.915-0.996)
0.001 0.011 0.006 0.030
N 0.953 1.016
Swollen joint (0.908-1.001) (0.952-1.084) Not selected Not selected
count 0.053 0.635
0.988 0.989
CRP (mg/L)* (0.977-0.999) (1:977-1001) Not selected Not selected
0.031 0,074
0.979 0.985 0.982 0.984
VAS-GH (0.967-0091) | %{0.972-0.998) (0.969-0.994) (0.971-0.997)
0,001 0.027 0.004 0.016
0.618 0.639
DAS28* (0.482-0.794) (0.499-0.820)
0.000013 0.000413
Accuracy, 70.1 65.2 71.1 71.1
(95%(C1) (63.3-75.7) (54.4-73.9) (64.4-76.6) (66.7-74.8)
SEN % (95% CI) 76 (71-81) 74 (69-79) 77 (72-82) 75 (70-80)
SPE™% (95% CI) 63 (58-69) 54 (49-60) 64 (59-70) 67 (61-72)
PPV % (95% CI) 72 (67-77) 67 (61-72) 73 (67-78) 73 (68-79)
NPV %795% CI) 68 (62-73) 63 (57-68) 69 (64-74) 68 (63-74)
AUC 0.701 0.699 0.760 0.774
(95% CI) (0.650-0.795) (0.621-0.768) (0.700-0.830) | (0.710-0.838)
p 6.2x108 2x10¢ 1.0x10-10 2.4x10 11

Data are described using OR (95% CI) p-value. RF rheumatoid factor, ACPA anti-citrullinated peptide
antibodies, TJC tender joints count, SJC swollen joints count, CRP C-reactive protein, DAS28 disease
activity score 28 joints. Accuracy % of correctly predicted cases, SEN/SPE sensitivity and specificity;

PPV/NPV positive and negative predictive values AUC.



