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Abstract. ADP ribosylation factor like protein 15 (ARL15) was identiﬁed as a novel susceptibility gene for rheumatoid arthritis (RA)
based on a genomewide association study in a north Indian cohort. Mechanism of its action and functional relevance in RA biology remain
largely unknown. In this study, we aimed to establish (i) ARL15 protein level in sera samples of RA patients; and (ii) its correlation, if any,
with the RA associated ARL15 intronic single-nucleotide polymorphism (SNP) rs255758 (A [ C). DNA, RNA and sera were isolated from
blood samples of 117 RA patients and 25 age-matched healthy controls recruited at All India Institute of Medical Sciences, New Delhi with
institutional ethical committee clearance. SNP rs255758 (A [ C) was genotyped by Sanger sequencing; ARL15 RNA and protein levels
were estimated by quantitative polymerase chain reaction (qPCR) and enzyme-linked immunosorbent assay (ELISA), respectively; and
genotype–phenotype correlation established using Mann–Whitney nonparametric test. Very low level of ARL15 expression in human blood
was conﬁrmed at both RNA and protein levels. Genotype-wise distribution showed increased levels (P = 0.05) of ARL15 protein in RA
patients with the homozygous variant (CC) as compared to AA ? AC genotypes of rs255758. This ﬁrst-ever correlation between higher
ARL15 protein levels and the intronic susceptibility genotype (CC; rs255758) in RA patients may be of diagnostic and therapeutic
relevance encouraging additional investigations.
Keywords. ADP ribosylation factor-like protein 15; intronic SNP (rs255758); enzyme linked immune sorbent assay; genotype–phenotype correlation; rheumatoid arthritis.

Introduction
Gene–environment interactions play a central role in the
aetiology of almost all the complex diseases such as
rheumatoid arthritis (RA), asthma, type-I diabetes, various
autoimmune diseases, cardiovascular diseases and several
others, in humans (Gianchecchi and Fierabracci 2015).
Efforts to identify the nongenetic contributors have witnessed limited success to date. Conversely, between the
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previously popular hypothesis testing approach using candidate genes to the currently favoured hypothesis-free
approaches such as GenomeWide Association Studies
(GWASs), whole-genome sequencing / whole-exome
sequencing, several genetic determinants have been identiﬁed for such complex traits (Kitsios and Zintzaras 2009).
It is also a common observation now, that a gene/locus may
be associated or an underlying pathway be shared with
more than one complex trait (Ye et al. 2018). Unravelling
the speciﬁc contributions of such genes to a range of disease phenotypes is a major contemporary challenge.
Functional characterisation of such candidate genes and
their possible translation for disease risk prediction and
development of newer therapeutics holds promise (Visscher
et al. 2017).
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ADP ribosylation factor like protein 15 (ARL15) has been
identiﬁed as a novel susceptibility gene for RA based on a
GWAS in an ethnically distinct north Indian cohort (Negi
et al. 2013). An intronic SNP rs255758 (A [ C) in ARL15
was identiﬁed to be signiﬁcantly associated in this two-stage
study (P combined = 6.57 9 106; OR = 1.42).
ARL15 is part of ARL (ARF-like GTPase) family proteins
which are grouped under the subfamily ADP-ribosylation
factor (ARF), under the RAS superfamily. ARLs are low
molecular weight (21–24 kDa) GTP binding proteins (small
GTPases), and known to be distinct from ARF (1–6) proteins (Burd et al. 2004; Gillingham and Munro 2007;
Donaldson and Jackson 2011; Marwaha et al. 2019). It has
been recently reported to primarily regulate membrane
trafﬁcking and modulate membrane lipid composition
(Rocha et al. 2017). ARFs are essential and ubiquitous
regulators of membrane trafﬁcking, and are structurally
([ 60% sequence identity) and functionally conserved
across eukaryotes (Li et al. 2004). On the other hand, ARLs
are highly divergent (40–60% identity) and have been
demonstrated to function in secretory pathways (Valkenburgh et al. 2001; Li et al. 2004). The possible role of
ARL15 in various diseases such as type-2 diabetes (T2DM),
obesity and coronary heart disease (CHD) (Rocha et al.
2017); and its association with over 100 diseases/traits have
been recently documented (Silva et al. 2019). Inﬂuence of
ARL15 variants on adiponectin levels in T2DM and CHD
have also been previously reported (Richards et al. 2009).
Despite this surge in the likely role of ARL15 with different phenotypes, the exact mechanism of its action and the
extent of its functional relevance remains to be elucidated.
ARL15 has been documented to be expressed in 54 different
tissues and cells including blood, with a high expression
(log-fold change) in adipose tissue, mammary tissue and
uterus (GTEx database, GTEx Analysis Release V8, dbGaP
Accession phs000424.v8.p2, 2020); and also across different
cell types through various cell line based studies (Rocha
et al. 2017; Zhao et al. 2017). Recently, we have reported
expression of ARL15 in rheumatoid arthritis patient derived
synovial ﬁbroblasts (RASF) (Kashyap et al. 2018). Following the leads from our GWAS ﬁndings, but due to lack of
a direct assay for ARL15 protein levels in the sera samples at
that time, we had also estimated adiponectin levels as an
indirect approach (Negi et al. 2013). In this study, an attempt
to establish direct genotype–phenotype correlation, if any, of
the disease associated intronic SNP rs255758 genotypes
with ARL15 protein in sera samples of RA patients was
undertaken.

Materials and methods
Recruitment of study subjects

RA patients 117 (mean age 48.4 ± 11.17 years) were
recruited for the study from rheumatology clinic of All India

Institute of Medical Science (AIIMS), New Delhi, India with
informed consent from all the participants. RA patients were
diagnosed in accordance with the revised American College
of Rheumatology (ACR) / European League against
Rheumatism (EULAR) classiﬁcation 2010. All the recruited
RA cases were positive for rheumatoid factor (RF). Twentyﬁve healthy controls (mean age 53.72 ± 8.17 years) with no
medical history of autoimmune diseases, diabetes and other
comorbidities were also recruited for the study with
informed consent from the same centre. It may be mentioned
that the control samples were collected only to conﬁrm a
baseline ARL15 protein level as this is a genotype–phenotype correlation study and not a case–control association
testing. Around 8 mL of venous blood was collected from
RA cases and healthy controls for sera resources and isolation of DNA, RNA from WBCs.

Genetic analysis
DNA isolation and quantiﬁcation: DNA was isolated using

routine phenol chloroform method, qualitatively assessed by
agarose gel electrophoresis, quantiﬁed using ﬂuorometry
based method (Q33216, Thermo Fisher Scientiﬁc, USA)
with the help of DNA speciﬁc dye (Q32851, Thermo Fisher
Scientiﬁc, USA), and was used for further genetic analysis.
SNP genotyping: An intronic SNP (rs255758 A [ C) in

ARL15, a novel susceptibility gene identiﬁed previously in
the lab (Negi et al. 2013) was genotyped using PCR-Sanger
sequencing approach. Primers (forward primer: GAACAAGCTCAAAAGATGCCAAA, reverse primer: GAACATCAGGCAGGCTTTTACATTA) were designed to
amplify the desired fragments using ‘Primer 3’ tool
(Koressaar and Remm 2007; Untergasser et al. 2012), primer
statistics and target speciﬁcity was checked using ‘Primer
Stat’ tool (Stothard 2000), and ‘Primer BLAST’ tool (Ye
et al. 2012). The desired DNA fragment was PCR ampliﬁed
for all 117 RA patients using a thermal cycler (4375786,
Thermo Fisher Scientiﬁc, USA) as per the standard protocol.
The PCR ampliﬁed products for all the samples were
checked for quality on 1% agarose gel followed by Sanger
sequencing. Genotypes were determined from the respective
sample electropherograms using Sequencher software.

Gene expression of ARL15 using qPCR

WBCs isolated from total blood using the standard protocol
(Genomic Medicine Biorepository, Cleveland Clinic Lerner
Research Institute, USA) were used for RNA isolation using
acid–guanidinium–phenol based reagent (Trizol reagent,
T9424, Sigma, USA) and RNA isolation kit. Brieﬂy, blood
samples were transported from the hospital in EDTA vacutainer on ice. Around 4 mL of the collected blood was
transferred to a 15 mL conical tube and centrifuged at
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1400 rpm for 10 min at 4°C to separate the plasma and the
pelleted blood cells were transferred to a new 50 mL conical
tube. Around 45 mL 19 RBC lysis buffer was added to the
conical tube, incubated at room temperature (RT) for 10 min
followed by centrifugation at 1400 rpm for 10 min at RT.
Supernatant with lysed RBCs was discarded, and the WBC
pellet was resuspended in 1 mL of 19 RBC lysis buffer and
transferred to a 1.5 mL tube followed by centrifugation at
1000 rpm for 2 min at RT. The clear white WBC pellet was
immediately used for RNA isolation using TRIzol reagent
and RNA isolation kit (R2070, Zymo Research, USA) following the manufacturer’s protocol. All the isolated RNA
samples were quantiﬁed using ﬂuorometry based method
using a RNA quantiﬁcation kit (Q32852, ThermoFisher
Scientiﬁc USA).
One microgram (lg) of quantiﬁed RNA from a representative subset of RA cohort (n = 12) was used for cDNA
synthesis using a cDNA synthesis kit (AB1453A, ThermoFisher Scientiﬁc, USA), diluted and 20 nanogram (ng)
each was used for all qPCR reactions. qPCR was done using
SYBR Green (A25742, ThermoFisher Scientiﬁc, USA) to
assess the expression of ARL15 (forward primer: CATCAAGACAAGCCAGCAGC, reverse primer: ATGTCATCCAGTGAGCAGGG) in patient samples with Actin
(forward primer: GGCACCCAGCACAATGAAGA, reverse
primer: CACATCTGCTGGAAGGTGGA) and Ubiquitin C
(UBC) (forward primer: ATTTGGGTCGCGGTTCTTG,
reverse primer: TGCCTTGACATTCTCGATGGT) as reference controls.
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the manufacturer’s protocol without any deviations. Assays
were standardized with the recombinant ARL15 protein
standards supplied in the kit. Puriﬁed human ARL15 protein
was used as an internal positive control to validate the kit
authenticity and for ELISAs with the samples. Optimal
concentration was established using various dilutions of sera
samples (1:0 to 1:1000) and ARL15 estimation was performed at 1:50 dilution for all sera samples. On completion
of reactions, plates were scanned using a plate reader at
450 nm (Inﬁnite 200 PRO, Tecan, USA) to obtain the optical
density (OD) values.
Data analysis

Ct values obtained following the qPCR experiments were
plotted using Graph Pad Prism (v. 8.4.2, GraphPad Software,
USA). For ELISA, from the standards OD values, the
standard curve was plotted with concentrations on the x-axis
and absorbance on the y-axis using the GraphPad Prism
software. Obtained ARL15 OD values in all test samples
were used to determine the concentration by extrapolation
from the plotted standard curves. The actual concentration of
ARL15 in sera samples of RA cases were obtained by
multiplication with the dilution factor (1:50). Statistical
analysis was performed by applying Mann–Whitney’s nonparametric t-test.

Results

ARL15 estimation

Genotype analysis

ARL15 protein levels in the sera samples of RA patients
were estimated by sandwich ELISA using Human ARL15
ELISA kit (LS-25632, Life Span Bio Sciences, USA) as per

Sequence analysis of the 338 bp amplicon encompassing the
intronic SNP (rs255758, A [ C) (ﬁgure 1) showed
homozygous wild-type (AA) in 51, heterozygous (AC) in

Figure 1. Representative electropherograms showing homozygous wild type (AA), heterozygous (AC) and homozygous variant (CC)
genotypes. K denotes heterozygous AC genotype.
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Figure 2. Expression proﬁles of ARL15 in blood samples of representative RA patients. *Different RA patient samples.

43, and homozygous variant (CC) genotypes in 23 RA
patients with minor allele frequency (C) = 0.26. (14 with
AA, eight with AC, and three with CC genotypes were noted
among healthy controls).

qPCR based expression proﬁling of ARL15 in lymphocytes
of RA patients

To conﬁrm ARL15 expression in blood, qPCR was performed using 20 ng of cDNA with Actin and UBC as reference controls (ﬁgure 2) prior to ELISA based ARL15
protein estimation.

ARL15 estimation

ARL15 protein levels based on ELISA ranged from 8.08 to
193 ng/mL and showed a positively skewed distribution in
both cases and controls (data not shown). As mentioned
above, controls were included in the study only to establish a
baseline ARL15 protein level and not for a case–control
comparison and therefore, genotype–phenotype correlation,
if any, between the risk conferring (CC) genotype and protein levels was tested only in the RA group and is presented
below.
Genotype–phenotype correlation

Genotype-wise distribution showed signiﬁcantly higher
levels (P = 0.05, fold change = 1.46) of ARL15 protein in
sera of RA patients with homozygous variant (CC) genotype
as compared to wild-type genotypes (ﬁgure 3a).

Figure 3. ARL15 protein levels in (a) RA cases and (b) healthy
controls with different rs255758 (A[C) genotypes.
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Discussion
We identiﬁed ARL15 as a novel susceptibility gene in RA
(Negi et al. 2013) and also reported its expression in RASF
(Kashyap et al. 2018), but its putative role in normal or
pathological state remains unclear. Based on the reported
importance of this small GTPase in secretory and metabolic
pathways (Li et al. 2004) and its association with a range of
complex diseases/traits (Richards et al. 2009; Rocha et al.
2017; Silva et al. 2019), we undertook to establish genotype–phenotype correlation, if any, of the RA associated
intronic SNP rs225758 in ARL15 with protein levels in sera
samples of RA patients.
Serum protein level estimations of ARL15 in the study
cohort (n = 117) conﬁrmed very low but detectable amounts
of protein (ﬁgure 3a), with a similar trend in control group
(ﬁgure 3b).
Genotype–phenotype correlation between the disease
associated intronic SNP rs255758 with ARL15 levels
showed signiﬁcantly higher quantity of protein in RA cases
with the homozygous variant genotype (CC) compared to
those with wildtype and heterozygous (AA ? AC) genotypes (ﬁgure 3a), suggestive of functional signiﬁcance of this
intronic SNP. Based on the likely reported role of ARL15 in
secretory pathways (Valkenburgh et al. 2001; Li et al. 2004),
it is likely that this SNP maybe contributing as a gain of
function variant but the exact mechanism remains to be
uncovered.
In summary, the correlation between homozygous variant genotype (CC) in the intronic SNP rs255758 and
ARL15 level in RA patients strengthens the genotypic
association of CC variant in ARL15 that we had previously observed with RA; and also its phenotypic correlation which was indirectly demonstrated via higher
adiponectin levels in RA patients with CC genotype in the
same study (Negi et al. 2013). The actual role of ARL15
in RA biology remains elusive to date. Nevertheless,
increased ARL15 levels in RA patients with variant CC
genotype of rs255758 observed in this study may be of
diagnostic relevance warranting replication in larger/independent RA cohorts.
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