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Abstract
Objective
To identify novel risk genes by gene-based association analysis in rheumatoid arthritis (RA).

Methods
We performed gene-based association testing with GATES (Gene-based Association Test using Extended Simes procedure)
to augment the power of genomewide-association study (GWAS) results from the largest meta-GWAS by Okada et al. in
14,361 RA cases and 43,923 controls of European ancestry using 8,694,488 SNPs.

Results
We identified 115 genes significantly associated with RA by gene-based association testing corresponding to 43
RA risk loci; 23 risk loci contained a single top risk gene, while 20 risk loci contained two or more risk genes.
We replicated 39 of the genomewide significant risk loci identified by Okada et al. in Europeans with RA; we found
identical top genes for 26 loci. Our gene-based testing identified 6 new top gene hits for each of the following 6 RA
risk loci: RPP14 (for DNASE1L3-ABHD6-PXK), PXT1 (for ETV7), MIR5708 (for TPD52), DDX6 (for CXCRS),
SUOX (for CDK2), and PCAT?29 (for LOC145837). We also identified a potential novel RA risk locus (11g23.3, start
position 118528941 bp) which contains the following 3 genes: TREH-PHLDB1-MIR6716; the locus was not identified
previously but may be a proxy for CXCRS.

Conclusion
Through novel comprehensive gene-based association testing in >50,000 Europeans with RA using ~8 million SNPs,
we confirmed prior RA risk loci and identified novel risk genes including non-coding regulatory miRNAs, providing
further insight into the complex genetics of RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic
inflammatory arthritis affecting up to
2% of individuals worldwide (1). Un-
derlying complex genetics and immune
system dysfunction with loss of self-
tolerance and auto-antibody production
against joints and other tissues lead to
RA (2). The genetic susceptibility to RA
has been established via traditional ge-
netics studies, with the shared epitope
(SE), HLA-DRBI, considered to be the
most important susceptibility factor
for RA (3). However the HLA locus
does not explain the entire phenotypic
variance, i.e. heritability, observed in
RA (4). The genome-wide association
study (GWAS) approach using single
nucleotide polymorphisms (SNP) as the
units of analysis has shed light into the
polygenic inheritance of RA beyond the
HLA region (2, 5-7). Despite the suc-
cessful identification of 100 non-HLA
risk loci in RA, several challenges of
GWAS findings remain: 1) the detected
variants explain only a small proportion
of heritability; 2) the majority of identi-
fied SNPs are not causal but in linkage
with variants with true effects; and 3)
the contribution of non-genome-wide
significant variants is ignored due to
stringent statistical thresholds (8, 9).
Gene-based analysis can improve on
prior GWAS results and translate knowl-
edge from single SNP hits to significant
genes in RA. Gene-based association
tests (GBAT) evaluate the association
between a gene and a trait of interest by
means of aggregation. The advantages
of using the gene as the basic unit of
analysis have been previously highlight-
ed (10). Genes are functional units of the
human genome across different popula-
tions and unlike SNPs are not influenced
by allele frequencies, linkage disequi-
librium (LD) structure and heterogene-
ity across populations (10). Correcting
for multiple-testing is lower given that
one accounts for approximately 25,000
genes in the human genome rather than
millions of SNPs compared in a typical
GWAS (10). GBAT methods include
the combined multivariate and col-
lapsing method, kernel-based adaptive
cluster, versatile gene-based association
study and sequence kernel association
test (11, 12). The main disadvantages

of these regression-based methods are
the requirement for the individual raw
phenotype and genotype data, as well as
computational demands of permutation
with genomewide data for successful
analysis (10).

The GATES (gene-based association
test with extended Simes procedure)
approach has shown promise for rapid
gene-based analysis (10). GATES as-
sesses the gene-level statistical asso-
ciation based on millions of SNPs, by
combining the p-values of SNPs within
a gene without requiring raw individual
genotypes, to produce gene-based p-
values for the trait of interest (10). The
GATES approach has been successfully
employed for post-GWAS analysis
in systemic lupus erythematosus and
osteoporosis (13, 14).

Despite  tremendous successes of
GWAS in RA, novel approaches for
post-GWAS data analysis are needed
in order to identify candidate risk genes
for functional exploration and drug tar-
geting. Our hypothesis is that regula-
tory genetic elements, specifically non-
coding miRNAs, are associated with
seropositive RA patients compared with
controls. To achieve our aim, we per-
formed gene-based association testing
in RA patients of European ancestry us-
ing over 8 million SNP variants from the
largest trans-ethnic meta-GWAS (15).

Materials and methods

Data source and subjects

Genomewide SNP data was obtained
from the results of the publically avail-
able meta-GWAS in RA (15). Study de-
sign, characteristics of subjects, geno-
typing, quality control and SNP-based
association analysis were described
in the original publication (15). The
authors of the meta-GWAS obtained
written informed consent from all of
the participants, and the study was ap-
proved by the relevant ethics commit-
tees of the institutions involved in com-
pliance with the Declaration of Helsinki
(15). In brief, this meta-GWAS was
performed in >100,000 subjects of Eu-
ropean and Asian ancestries by evaluat-
ing ~10 million SNPs, and revealed 42
novel RA risk loci. For our study, the
dataset consisted of 14,361 RA cases
and 43,923 controls with 8,694,488
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Fig. 1. Manhattan plot of significant genes from gene-based analysis in Europeans with rheumatoid arthritis.

genotype and imputed SNPs excluding
the extended MHC region [chromo-
some 6, 25-33 megabases (Mb)] from
stage I of the GWAS in Europeans from
18 international cohorts of patients with
seropositive RA (positive for rheuma-
toid factor or ACPA or both). All RA
cases fulfilled the 1987 American Col-
lege of Rheumatology classification
criteria or were diagnosed by a rheuma-
tologist (16).

Gene-based association testing

Gene-based association analysis was
performed using the GATES method
(Gene-based Association Test using
Extended Simes procedure) imple-
mented in KGG4, a systematic biologi-
cal Knowledge-based mining system
for Genome-wide Genetic studies ver-
sion 4 (8, 10). This powerful method
does not require the raw genotype and
phenotype data as inputs. GATES as-
sumes that the test of association for
the phenotype of interest and each SNP
has been carried out with resulting
SNP-based p-values and pair-wise cor-
relation coefficients for all SNPs. It can
rapidly combine the p-values of SNPs
within a gene to obtain an overall p-
value for association of the entire gene
with the phenotype of interest (10).
The null hypothesis of this gene-based
test is that no SNP within the gene is
associated with the phenotype of inter-
est, while the alternative hypothesis is

588

that at least one SNP in the gene is as-
sociated with the phenotype of interest.
For gene-based association analysis,
the data file for cases (RA) and con-
trols contained the following 4 input
variables: SNP ID (with rs number),
chromosome, position (based on hg19
or NCBI build 37) and SNP p-value.
Genes were defined as + 5kb from the
5’ and 3’ untranslated-regions (UTRs),
respectively. We accounted for LD be-
tween SNPs by using information from
1000 Genomes Project Phase I for Eu-
ropeans (17). Genomic control was cal-
culated by median of Chi-square statis-
tic. Bonferroni correction was used for
multiple testing (18). LocusZoom was
used for visual interpretation of signifi-
cant genes and risk loci (19).

We viewed significant genes hits in
the UCSC Genome Browser including
their physical location and surrounding
genes (20). Genes were assigned to risk
loci based on their locations. We viewed
significant risk loci in LocusZoom to
identify the most significant regional
SNP. We identified SNPs in high LD (12
>0.7) with SNP Annotation and Proxy
Search (SNAP) (21). We compared
our gene-based association results with
published RA risk loci (15, 22).

Results

Gene-based association analysis with
GATES was performed with a total of
8,694,488 SNPs (excluding the extend-

ed HLA region on chr.6 ~25-33 Mb).
SNPs were assigned to genes (defined
as +5 Kb from 5” and 3” UTRs) to yield
gene-based p-values with significance
threshold of 1.96 x 10 (p<0.05, Bon-
ferroni corrected). A total of 25,539
genes were analysed. Out of all SNPs,
51.1% SNPs were located within genes
and 48.9% were located outside genes.
We identified 115 genes significantly
associated with RA by gene-based as-
sociation testing, with selected top
genes highlighted in the Manhattan plot
(Fig. 1). We identified several miRNAs
significantly associated with RA pa-
tients compared with controls, includ-
ing MIR5708, MIR6716, MIR4305,
MIR718 and MIR3202. The majority
of our top genes were located on chro-
mosomes 6, 1,2 and 19 (22.6%, 20%,
7.8% and 7.8%, respectively).

From our gene-based analysis, the most
significant 115 genes were assigned to
43 RA risk loci (Tables I and II). Out
of these, 23 risk loci contained a single
top risk gene, while 20 risk loci con-
tained two or more risk genes (Tables
I and II). Hence our analysis identified
43 RA risk loci and replicated 39 of the
genomewide significant risk loci identi-
fied in Europeans with RA. In the Stage
1 meta-GWAS in Europeans by Okada
et al., 44 RA risk loci (36 known and 8
novel) were identified at a genomewide
significance (p<5 x 10®) and an addi-
tional 31 RA risk loci had a nominal
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Table I. Top gene hits (chromosomes 1 to 6) in rheumatoid arthritis from the gene-based association analysis.

Chr RA risk locus Top gene Gene p-value Genes in  Additional Genes in Locus (ordered by gene-based p-value)
(corrected) locus
1 MMELI FAM213B 4.06x 104 6 LOC100996583, MMELI, LOC115110, TNFRSF14, TTC34
PADI4 PADI4 2.41x 107 1 -
MTFI-INPP5B Clorfl22 122x10° 4 YRDC, MTF1, MANEAL
PTPN22 RSBN1 4.52x 101% 11 PHTF1, PTPN22, AP4B1-AS1, MAGI3, BCL2L15, DCLREIB,
AP4BI1, HIPKI1-ASI, HIPK1, OLFML3
LOC100506023 LOC100506023 2.55x 10 1 -
2 REL LINCO1185 243 x 10%® 3 REL, PUS10
SPRED?2 SPRED? 1.31x 10° 1 -
AFF3 LINCO1104 5.08 x 10° 2 AFF3
STAT4 STAT4 8.42x 10° 1 -
CD28 CD28 533x 107 1 -
CTLA4 CTLA4 347 x 10" 1 -
3 PLCL2 PLCL2 6.94 x 10+ 1 -
EOMES EOMES 1.92 x 10 1 -
DNASEI1L3-ABHD6-PXK RPP14 3.44x 107 1 -
5 ANKRDSS5 ANKRDS5 3.60 x 101 1 -
C5orf30 CSorf30 350 x 10 1 -
6 HLA-DRBI ZBTBY* 2.65x 10% 17* PHFI, KIFCI, BAKI, CUTA, SYNGAPI, ITPR3, IP6K3,
LINC00336, MIR5004, UQCC2, MIR3934, LEMD2, MLN,
LINCO01016, LOC101929188, GGNBP1
ETV7 PXTI 447 x 102 1 -
NFKBIE NFKBIE 1.67 x 10 3 TMEM151B, SLC35B2
TNFAIP3 TNFAIP3 3.19x 10" 3 LOC100130476, LOC102723649
TAGAP TAGAP 4.57 x 102 1 -
CCR6 CCR6 8.60 x 107 1 -

*These genes are located in the HLA region which is driving overall significance due to high linkage disequilibrium. RA risk locus as defined by Okada (15).

Chr: chromosome; RA: rheumatoid arthritis.

level of significance (5 x 10°> p>5 x
10'®) (15). Further, the most significant
gene was identical to Okada’s top gene
for 26 out of 43 loci.

The remaining 17 out of 43 RA risk
loci contained a different top gene
compared to Okada. From these 17 RA
risk loci with discordant top genes, 10
loci contained multiple genes per locus
(mean 5.6 genes/locus) and included
Okada’s top gene at each locus. How-
ever, for these loci, gene-based testing
identified a different top gene based on
a lower gene-based p-value.

Out of the 7 remaining risk loci, 6 con-
tained a single top gene which was dif-
ferent from Okada’s top gene for these
loci. Our gene-based testing identified
6 new top gene hits for each of the fol-
lowing 6 Okada risk loci: RPP14 (for
DNASEI1L3-ABHD6-PXK), PXT1 (for
ETV7), MIR5708 (for TPD52), DDX6
(for CXCR5), SUOX (for CDK?2), and
PCAT29 (for LOCI145837). The re-
maining locus identified by gene-based
testing represents a potential novel RA
risk locus located on chromosome 11

Clinical and Experimental Rheumatology 2017

(start position 118528941 bp) which
contains the following 3 genes: TREH-
PHLDBI-MIR6716. This locus was
not identified in Stage 1 GWAS in Eu-
ropeans (15) but may be a proxy for the
CXCRS finding.

Discussion

Our gene-based testing revealed 115
significant gene hits using one of the
richest resources for genetics analysis
in RA (15). The genes with the most
significant gene-based p-values were:
PTPN22 (452 x 10'%), HLA-DRBI
(2.65 x 10%7), ANKRDS55 (3.60 x 10°'%),
CTLA4 (3.47 x 10'%), TNFAIP3 (3.19
x 10, CCR6 (8.60 x 10°), CXCRS5
(4.06 x 10°), CCL21 (6.66 x 10 and
REL (243 x 10®). These genes have
confirmed associations in Europeans
with RA (7, 23-27).

The most significant RA risk genes
were located predominantly on chro-
mosomes 6 (22.6%), 1 (20%), 2 (7.8%)
and 19 (7.8%). This is consistent with
prior findings which have established
HLA-DRBI on chromosome 6 as the

most significant genetic contributor
to RA susceptibility (4, 7). Given the
complex polygenetic inheritance of
RA, non-HLA genes are hypothesized
to contribute additional susceptibility to
RA (7). The most significant non-HLA
gene contributors include PTPN22 and
PADI4 (on chromosome 1), CTLA4 and
STAT4 (on chromosome 2) and TYK2
(on chromosome 19). PTPN22 has a
regulatory role in B and T cell function
and is considered as the archetypal non-
HLA autoimmunity risk gene given its
association with multiple autoimmune
diseases, including RA, systemic lu-
pus erythematosus, juvenile idiopathic
arthritis, type 1 diabetes mellitus and
Hashimoto’s thyroiditis (28). In RA,
specific PTPN22 SNPs have been as-
sociated with increased risk of dis-
ease, positive auto-antibody status with
ACPA production and prediction of dis-
ease onset (28). Additionally, therapeu-
tic targeting of CTLA4 with Abatacept,
and STAT4-TYK?2 with Tofacitinib has
been successfully employed in clinical
practice in RA patients failing non-bio-
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Table II. Top gene hits (chromosomes 7 to X) in rheumatoid arthritis from the gene-based association analysis.

Chr RA risk locus Top gene Gene p-value Genes in  Additional Genes in Locus (ordered by gene-based p-value)
(corrected) locus
7 IRFS TNPO3 6.09 x 10° 3 IRFS, TPIIP2
8 TPDS52 MIR5708 3.98 x 10 1 -
9 CCLI19-CCL21 CCL21 6.66 x 10 2 FAM205A
TRAF1-C5 PHF19 447 x 107 2 TRAF1

10 IL2RA IL2RA 193 x 10° 1 -

GATA3 GATA3 7.53x 107 2 AS1

ARIDSB ARIDS5B 8.04 x 107 1 -
11 CXCR5 DDX6 4.07 x 10° 1 -

- TREH 6.53 x 10 3 PHLDBI, MIR6716
12 CDK2 SUOX 3.60 x 10 1
13 COG6 CoG6 571x10° 2 MIR4305
15 RASGRPI RASGRPI 9.95x 10° 1 -
LOC145837 PCAT29 3.04x 10" 1
17 IKZF3-CSF3 ZPBP2 623 x 10* 4 IKZF3, GSDMB, GRB7
18 PTPN2 PTPN2 1.17 x 10 1 -
19 TYK2 FDXIL 1.67 x 1010 7 TYK2, RAVERI, ICAM1, ICAM4, ICAMS5, ICAM3, ILF3, APIM2
ILF3 ILF3 6.10x 10 2 APIM2

20 CD40 CD40 332x10% 3 NCOAS, SLCI12A5
21 UBASH3A UBASH3A 2.17 x 102 2 TMPRSS3
22 SYNGRI SYNGRI1 487 x 10 1 -
X IRAKI MIR718 531 x 107 11 IRAKI, MECP2, MIR3202-2, MIR3202-1, TMEM187, NAAIO,

RENBP, HCFC1, ARHGAP4, HCFCI-AS1

RA risk locus as defined by Okada (15). Chr: chromosome; RA: rheumatoid arthritis.

logic DMARDs and anti-TNF therapy,
thus establishing a link between genetic
risk association, pathways and drug tar-
geting (15).

Our top 115 gene-based genes were as-
signed to 43 RA risk loci with 23 loci
containing a single top risk gene and 20
loci contained two or more risk genes
(Tables I and II). We confirmed 39 out
of 44 genomewide risk loci identified
in the meta-GWAS of Europeans with
RA (15). In 26 RA loci, we identified
the same top gene by gene-based testing
as in the Okada’s GWAS. For example,
this was observed for PADI4, STAT4,
CTLA4, CCR6, IL2RA and GATA3 (Ta-
bles I and II). In 17 RA loci, we identi-
fied a different top gene compared with
the meta-GWAS results (Tables I and
II). Ten RA risk loci contained multiple
genes in the region with a mean of 5.6
genes/locus, and included the top gene
from the meta-GWAS. For example, for
the RA risk locus PTPN22, our results
were significant for 11 gene hits in this
region, with the most significant genes
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in order RSBNI, PHTFI and PTPN22.
Gene-dense regions contain SNPs
which may be shared by adjacent genes,
given variable gene length definitions,
can contribute to the gene-based p-value
of the highest risk gene in the region (i.e.
PTPN22) as well as surrounding genes
(i.e. RSBNI and PHTF1). Additionally,
for 6 RA risk loci, we identified a dif-
ferent top gene compared to the meta-
GWAS (Tables I and II). For example,
for the novel RA risk locus ETV7, our
gene-based testing identified PXT1 as
the top hit gene. It is hypothesised that
these newly identified genes could rep-
resent additional RA risk genes, since
these three RA risk loci (ETV7, TPD52
and LOCI145837) are novel and re-
quire further validation in independent
cohorts. Our gene-based testing also
identified a potential novel RA risk lo-
cus located on chromosome 11 (start
position 118528941 bp) which contains
the following 3 genes: TREH-PHLDBI-
MIR6716. Despite robust association
results from large-scale GWAS in RA,

none of the identified risk SNPs and
genes have been shown to be causal in
RA. Hence, it is imperative to consider
additional coding and non-coding regu-
latory genetic elements for further func-
tional studies to link genetics with aber-
rant biological mechanisms in RA.

To this extent, our study revealed gene-
based associations of non-coding ge-
netic elements, specifically miRNAs,
in RA patients. We identified several
miRNAs significantly associated with
RA patients compared with controls, in-
cluding MIR5708, MIR6716, MIR4305,
MIR718 and MIR3202. MiRNAs are
short non-coding RNAs, with an aver-
age length of 22 nucleotides, involved
in the regulation of gene expression by
binding to messenger RNA (mRNA)
and affecting its stability and transla-
tion (29, 30). It is estimated that miR-
NAs constitute 1-2% of the human
genome and potentially regulate 30%
of protein-coding genes, mainly as
negative regulators of expression of
their target genes (31). MiRNAs show

Clinical and Experimental Rheumatology 2017
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very high stability due to complexing
with proteins or their packaging within
microvesicles, and thus are thought to
be promising candidate biomarkers in
autoimmune diseases such as systemic
lupus erythematosus and RA (29, 32,
33). Additionally, miRNAs are essen-
tial for the development, differentiation
and function of immune cells, hence
influencing immunopathological pro-
cesses in autoimmune diseases (34, 35).
In RA, the most extensively studied
miRNAs include mir-16 which targets
the 3 UTR of TNF-a and regulates its
signalling; mir-21 which targets STAT3
and may be involved in regulating the
regulatory T cell (Treg) and Th17 path-
ways; mir-22 which targets the 3° UTR
of CYR61 inhibiting its expression, thus
leading to increased IL-6 expression
and synovial tissue hyperplasia; mir-
146a/mir-146b which inhibit T-helper
cell responses and suppress Tregs; and
mir-155 which is essential for homeo-
stasis of Tregs (29). Despite the discov-
ery of differentially expressed miRNAs
in RA patients compared with healthy
subjects and osteoarthritis, our under-
standing of the exact role of miRNA in
RA remains unknown.

MIR5708, located on chromosome 8 at
RA risk locus TPD52, was significantly
associated with RA in our study. This is
a novel association with RA which has
not been previously reported; however,
mir-5708 has shown promising results
in cancer studies. Recently mir-5708
was identified as a novel putative miR-
NA associated with metastatic prostate
cancer (36, 37). Watahiki et al. used
next generation sequencing in a trans-
plantable metastatic compared with a
non-metastatic prostate cancer xeno-
graft line to successfully identify 36
novel differentially expressed miRNAs.
They identified differentially expressed
miRNAs, including mir-5708, which
could serve as biomarkers and future
drug targets for metastatic prostate
cancer (37). MIR5708 targets YWHAE,
a member of the 14-3-3 family of pro-
teins which are novel joint-derived pro-
inflammatory mediators implicated in
RA pathogenesis and useful for earlier
diagnosis in the clinic (38, 39).
MIRG6716, located on chromosome
11 (start position 118528941 bp), was
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significantly associated with RA in
our study which has not been reported
previously. Li et al. systematically in-
vestigated miRNAs in healthy human
epididymis and identified 18 novel
miRNA genes which will serve as a
database for further functional stud-
ies in the male reproductive system
(40). This miRNA has not been stud-
ied in autoimmune disease. MIR6716
targets TCF7L2, a transcription factor
involved in the Wnt signalling pathway
(39). Hence, MIR6716 may play a role
in modulating this key signalling path-
way involved in fibroblast-like synovi-
ocyte activation, bone resorption and
joint destruction in RA (41). Similarly,
MIR4305, located on chromosome 13
at RA risk locus COG6, was associated
with RA and represents a novel asso-
ciation with RA. There are currently no
published reports of its association with
a specific disease phenotype. Goff et al.
performed an exploratory study to char-
acterize miRNAs including mir-4305 in
human embryonic stem cells (42).

MIR718 and MIR3202,located on chro-
mosome X at RA risk locus IRAKI,
were both associated with RA in our
gene-based study. There are no reported
associations of neither mir-718 nor mir-
3202 with autoimmune disease; how-
ever, promising results in cancer are
emerging for the role of these miRNAs.
Schrauder ef al. preformed microarray-
based miRNA profiling in serum of
early breast cancer patients compared
with healthy controls; they found a to-
tal of 59 differentially expressed miR-
NAs and validated 2 miRNAs, mir-202
and mir-718, in an independent cohort
as potential biomarkers for detection
of early breast cancer (43). Xue et al.
identified mir-718 as a key inhibitor of
PTEN expression in an animal model
of Kaposi’s sarcoma in HIV, leading
to activation of the AKT/mTOR sig-
nalling pathway in tumourigenesis,
thus demonstrating its importance as a
promising therapeutic target (44). The
mTOR pathway is also targeted by im-
munosuppressive agents used for treat-
ment of autoimmune diseases includ-
ing RA (15). Mir-718 has also been
shown to directly target and suppress
VEGF, which is an important driver of
angiogenesis in tumours such as ovar-

ian cancer (45). Stark et al. undertook
a comprehensive analysis of miRNAs
in normal pigmented and melanoma
cells to detect novel miRNAs for earlier
detection of distant metastatic disease
(46). As suggested by the findings of
the role of mir-718s in cancer patho-
genesis, this non-coding regulatory
gene has a promising role in RA given
its regulatory role in mTOR signalling
and VEGF-induced angiogenesis which
are key drivers of break in immune tol-
erance, pro-inflammatory cascade and
synovial hypertrophy in RA.

Our study focused on seropositive
RA patients of European ancestry and
hence its results may not be applicable
to non-Europeans consistent with es-
tablished findings of ancestry-specific
GWAS associations in RA (47). De-
spite rigorous quality control and con-
servative correction for multiple statis-
tical testing, some of our gene-based
associations may represent false posi-
tive findings, and will need confirma-
tion in other independent cohorts and
across different ancestries.

Conclusion

Through comprehensive and novel gene-
based association testing with >50,000
individuals and ~8 million SNPs, we
confirmed prior risk loci and identified
novel miRNAs associations with sero-
positive RA of European ancestry. In
addition to protein-coding genes, novel
regulatory elements such as miRNAs
show promise for understanding onset
of disease, break in immune tolerance
and upregulation of pro-inflammatory
pathways at play in RA. MiRNAs are
non-coding genetic elements with a
promising role as future biomarkers and
novel drug targets in RA.
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