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ABsTR AcT

Introduction  Single nucleotide polymorphisms (SNPs) in the 
Cardiomyopathy-Associated Protein 5 (CMYA5) gene have 
been associated with rheumatoid arthritis (RA) in genome-
wide association studies. In this study, we aimed to replicate 
the association between CMYA5 gene polymorphisms and RA 
in independent Caucasian case-control cohorts and perform a 
meta-analysis to investigate the association of CMYA5 gene 
polymorphisms with RA in Caucasian populations.
Methods  We analysed 2731 RA cases and 1783 healthy con-
trols in 4 independent Caucasian sample sets. rs4704591 in 
CMYA5 gene was genotyped using the TaqMan SNP genotyping 
assay. Meta-analysis was conducted across Caucasian cohorts.
Results  Our analysis showed no evidence for association of 
rs4704591 with RA in the replication sample sets (p = 0.941, 
OR = 0.997). Meta analysis showed a weak association between 
the minor allele of the CMYA5 rs4704591 variant (C) and RA in 
the combined RA cohorts (p = 0.023, OR = 0.938) using the 
logistic regression model in the matched case-control study.
Conclusion  Our study failed to replicate the association of the 
CMYA5 rs4704591 variant with RA and therefore, we cannot 
confirm the association between CMYA5 gene polymorphisms 
and RA in Caucasian population. However, further investiga tion 
might help to unravel the association of CMYA5 gene variants 
with RA.

ZusAMMENfAssuNG

Einleitung  Einzel nukleotid polymorphismen (SNPs) im Car-
diomyopathy-Associated Protein 5 (CMYA5)-Gen wurden in 
genomweiten Assoziationsstudien mit rheumatoider Arthritis 
(RA) in Verbindung gebracht. In dieser Studie wollten wir die 
Assoziation zwischen CMYA5-Genpolymorphismen und RA in 
unabhängigen kaukasischen Fall-Kontroll-Kohorten replizieren 
und eine Metaanalyse durchführen, um die Assoziation von 
CMYA5-Genpolymorphismen mit RA in kaukasischen Popula-
tionen zu untersuchen.
Methoden  Wir analysierten 2731 RA-Fälle und 1783 gesunde 
Kontrollen in vier unabhängigen kaukasischen Probensätzen. 
rs4704591 im CMYA5-Gen wurden unter Verwendung des Taq-

118

D
ie

se
s 

D
ok

um
en

t w
ur

de
 z

um
 p

er
sö

nl
ic

he
n 

G
eb

ra
uc

h 
he

ru
nt

er
ge

la
de

n.
 V

er
vi

el
fä

lti
gu

ng
 n

ur
 m

it 
Z

us
tim

m
un

g 
de

s 
V

er
la

ge
s.

Artikel online veröffentlicht: 15.11.2022

https://doi.org/ 10.1055/a-1386-3344 
mailto:mansour.zamanpoor@gmail.com


Zamanpoor M et al. Association Analysis of CMYA5 … Akt Rheumatol 2023; 48: 118–123 | © 2022. Thieme. All rights reserved.

Introduction
Rheumatoid arthritis (RA) is a multigenic auto-immune disorder in 
which both genetic and environmental factors contribute to its pa-
thophysiology [1]. More than 100 genetic loci have been associa-
ted with the RA as a result of genome-wide association studies. The 
genetics of RA is complex and each of associated risk loci contribu-
te small but significant effect in the development of RA as a syste-
mic autoimmune disease [1].

The Cardiomyopathy Associated Protein 5 (CMYA5) gene or 
Myospryn has been linked to cardiomyopathy and is highly ex-
pressed in skeletal muscle and heart whereas moderately expressed 
in brain [2, 3]. CMYA5 was reported as a susceptibility gene for RA 
[4–6]. CMYA5 interacts with Dystrobrevin Binding Protein 1 
(DTNBP1) gene [7, 8]. Functional studies correlated CMYA5 with pro-
tein kinase A in the regulation of the cyclic adenosine monophos-
phate (cAMP) signaling pathway and also with the DTNBP1 gene in 
the biogenesis of lysosome-related organelles complex 1 (BLOC-
1), processes [2, 9, 10].

In this study, we aimed to replicate the association between 
CMYA5 and RA by testing SNPs within CMYA5 locus for association 
with RA in independent Caucasian sample sets.

Methods

Study participants
In order to conduct a case-control association study, RA patients 
were recruited and compared with healthy normal individuals as 
controls in this study. Our study consisted of European Caucasian 
subjects derived from four separate RA case-control sample sets 
consisted of Australia and New Zealand (ANZ), Oxford, UK and 
Dutch cohorts in addition to the Wellcome Trust Case Control Con-
sortium (WTCCC) data (publically available). RA patients were di-
agnosed by rheumatologists and were confirmed to met the ACR 
classification system criteria for the diagnosis of RA [11]. Control 
participants have had no history of autoimmune disease and being 
of European Caucasian ancestry (self-reported) in all of the samp-
le sets. Written informed consent was obtained from all study sub-
jects.

Ethics approval and consent to participate
Written informed consent was obtained from all study subjects. 
The study was approved by the multi-region Ethics Committee and 
the Lower South Ethics Committee of New Zealand, the Research 

and Ethics Committee of the Repatriation General Hospital of Aus-
tralia, the Lewisham Hospital and Guy’s and St Thomas’ Hospitals 
local research ethics committees and the European Collection of 
Authenticated Cell Culture research ethics committee, the Oxford 
Research Ethics Committee and, the ethical committee of the Rad-
boud University Nijmegen Medical Centre.

DNA Extraction
Genomic DNA was extracted from participant blood samples by 
using the robust and standard method. The quality and quantity 
of the extracted DNA samples were obtained using the NanoDrop 
spectrophotometery. All samples were stored in 96-well 0.8ml 
deep well boxes. The storage plate was used to replenish the 6 ng/
mL working stock plates to minimise cross-contamination of the 
stock DNA. Each sample set contained a series of plates for cases 
and controls.

SNPs Selection
The Wellcome Trust Case Control Consortium (WTCCC) study was 
utilized as the initial dataset for investigation of single nucleotide 
polymorphisms (SNPs) in this study. RA data was derived from the 
WTCCC dataset. CMYA5 were selected based on the association in 
the Wellcome Trust Case Control Consortium (WTCCC) data for RA 
[4]. Genotype information was obtained using PLINK software for 
data analysis. The linkage disequilibrium (LD) for SNPs within the 
CMYA5 gene was conducted to select the candidate SNP using 
SNiPA v3.3 [12] (▶fig. 1). There are some SNPs in the CMYA5 regi-
on that have been associated with schizophrenia and bipolar disor-
der [13]. Therefore, only rs4704591 was selected for genotyping 
in Caucasian case-control sample sets for replication. The direction 
of association of the minor allele (protective or susceptible) was 
compared based on the OR in each dataset.

Genotyping
We genotyped the rs4704591 (assay ID C__27865739_10) using 
TaqMan SNP genotyping assay technology (Applied Biosystems, 
Foster City, USA) and a LightCycler 480 Real-Time Polymerase Chain 
Reaction System (Roche, Indianapolis, IN, USA).

Quality control of genotyping data was routinely performed to 
warrant the correct genotype calling for samples and minimize po-
tential false findings. Known negative and positive controls were 
included in each run. To confirm the correct orientation of plates 
during genotyping, eight samples from each of the sample boxes 
were aliquoted into a separate 96-well box. This box was analysed 

Man SNP-Genotypisierungsassays genotypisiert. Die Metaana-
lyse wurde über kaukasische Kohorten hinweg durchgeführt.
Ergebnisse  Unsere Analyse ergab keine Hinweise auf eine As-
soziation von rs4704591 mit RA in den Replikationsprobensät-
zen (P = 0,941, OR = 0,997). Die Metaanalyse zeigte eine schwa-
che Assoziation zwischen dem kleinen Allel der CMYA5-Variante 
rs4704591 (C) und RA in den kombinierten RA-Kohorten 

(P = 0,023, OR = 0,938) unter Verwendung des logistischen Re-
gressionsmodells in der Matched-Case-Control-Studie.
Schlussfolgerung  Unsere Studie war nicht erfolgreich darin, 
die Assoziation der CMYA5-Variante rs4704591 mit RA zu rep-
lizieren. Daher können wir die Assoziation zwischen CMYA5-
Genpolymorphismen und RA in der kaukasischen Bevölkerung 
nicht bestätigen.
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in the same way and the data were compared to the previous ge-
notypes. If the results did not match, the whole plate was checked 
and the sample genotyping was repeated where necessary.

Statistical analysis
The significance of differences in the minor allele frequencies between 
cases and controls, odds ratios (OR) and departures from Hardy-Wein-
berg equilibrium, were calculated using the SHEsis and PLINK software 
packages [14, 15]. Genotype based ORs and 95 % confidence intervals 
(CI) were estimated using the logistic regression model in this mat-
ched case-control study. We used logistic regression model as it assu-
mes odds for a disease risk increases exponentially as a number of 
minor allele increases and fits the multiplicative model [16]. Meta-ana-
lysis was performed to combine results from several studies or samp-
le sets to increase the study power to detect small to moderate effects 
of SNPs on disease. Meta-analysis was undertaken using the STATA 8.0 
metan software package (http://www.stata.com) to obtain the com-
bined Mantel-Haenszel (M-H) ORs, to calculate the allelic and Breslow-
Day (B-D, test for heterogeneity) P values and to generate the odds-
ratio meta-analysis plot.

Results
CMYA5 rs4704591 was selected for association analysis using the 
ANZ, UK, Oxford and Dutch case-control sample sets. No associa-
tion was found with RA in the ANZ sample set (P = 0.732, 

OR = 1.029), UK sample set (P = 0.899, OR = 0.982), Dutch sample 
set (P = 0.518, OR = 1.049) or Oxford sample set (P = 0.254, 
OR = 0.957) for this variant (▶Table 1). Meta-analysis was perfor-
med to combine the replication sample sets in order to increase 
the power of the association analysis. Meta-analysis showed no evi-
dence for association with RA in the combined genotyped (repli-
cation) sample sets (P = 0.941, OR = 0.997) (▶Table 1). By adding 
the WTCCC RA data (P = 0.002, OR = 0.874) to the combined data-
set, the combined allelic P-value showed a weak association with 
RA in the combined RA cohorts (P = 0.023, OR = 0.938). The OR for 
combined overall RA cohorts was conveying a weak protective ef-
fect against RA (P = 0.023, OR = 0.938) (▶fig. 2). This protective 
effect is driven by WTCCC with no support from the replication sam-
ple sets. The Breslow-Day test revealed no evidence of genetic he-
terogeneity between the RA combined sample sets for rs4704591 
(combined genotyped RA P = 0.741, combined overall RA P = 0.175).

Discussion
The CMYA5 gene, that codes for cardiomyopathy-associated pro-
tein 5 (myospryn), is moderately expressed in the brain [2, 3]. 
CMYA5 gene has been associated with RA susceptibility gene [4, 5]. 
We found no evidence for association of rs4704591 in Caucasian 
RA case-control sample sets including ANZ, UK, Dutch or Oxford 
sample sets. Meta-analysis showed no evidence for association with 
RA in the combined replication sample sets.

▶fig. 1 Linkage disequilibrium plot shows the correlation between the rs4704591 variant and its surrounding variants generated by SNiPA using 
1000 Genomes, Phase 3 v5 variant set for the European population (GRCh37.p13, Ensemble 87). The y-axis shows the correlation coefficient (r2), the 
x-axis shows chromosomal position of each SNP.
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Our study was not successful to replicate the association of the 
CMYA5 rs4704591 variant with RA. This finding is consistent with 
the European RA GWAS dataset [17] that there was no association 

of rs4704591 with RA (P = 0.58, OR = 1.05). Although the number 
of recruited controls was lower than number of cases in our study, 
however, the Okada et al. (2014) study is the largest RA GWAS that 
analysed 103,638 samples that had sufficient statistical power to 
detect true associations. The lack of association in the current study 
as well as that from Okada et al. (2014) indicate that CMYA5 
rs4704591 variant is not genetically associated with RA.

In our study, the association of CMYA5 rs4704591 with RA was 
only detected in the discovery cohort (WTCCC) and it was not as-
sociated in any other cohorts . The inconsistency in detection of 
associations in this study might be explained by population hete-
rogeneity between the discovery and replication cohorts and also 
the differences in distribution of genetic and environmental risk 
factors in the studied cohorts. Manchia et al. (2013) [18] reported 
that the presence of phenotypic and genetic heterogeneity would 
reduce the statistical power and also influence estimation of the 
effect sizes of the observed association in GWAS. A lack of power 
to detect small effect sizes and population heterogeneity are 2 
major issues in association study of RA as a genetically complex dis-
order. Population stratification due to systematic ancestry diffe-
rences between sample sets (population structure) or unmatched 
sample sets can confound genetic association findings. Given the 
diverse geographic distribution of the sample sets gene-environ-

▶Table 1 Case-control association analysis for CMYA5 rs4704591 in RA sample sets.

cohort Genotype MAf OR (cI) Allelic P B-D P

G/G G/A A/A

ANZ RA

Case 280 (0.380) 354 (0.481) 102 (0.139) 0.379 1.029 
(0.874–1.211)

0.732

Control 213 (0.403) 238 (0.450) 78 (0.147) 0.372

uK RA

Case 133 (0.422) 138 (0.438) 44 (0.140) 0.359 0.982 
(0.735–1.310)

0.899

Control 60 (0.411) 66 (0.452) 20 (0.137) 0.363

Dutch RA

Case 396 (0.365) 504 (0.465) 184 (0.170) 0.402 1.049 
(0.908–1.211)

0.518

Control 228 (0.380) 275 (0.458) 97 (0.162) 0.391

OX RA

Case 228 (0.383) 281 (0.471) 87 (0.146) 0.382 0.957 
(0.790–1.160)

0.254

Control 184 (0.362) 236 (0.465) 88 (0.173) 0.406

combined

Case 1037 (0.380) 1277 (0.467) 417 (0.153) 0.386 0.997 
(0.913–1.088)

0.941 0.741

Control 685 (0.384) 815 (0.457) 283 (0.159) 0.387

WTccc RA

Case 745 (0.402) 848 (0.458) 259 (0.140) 0.369 0.874 
(0.802–0.952)

0.0019

Control 1064 (0.363) 1384 (0.472) 482 (0.164) 0.401

combined RA

Case 1782 (0.389) 2125 (0.464) 676 (0.147) 0.379 0.938 
(0.882–0.998)

0.023 0.175

Control 1749 (0.371) 2199 (0.466) 765 (0.162) 0.396

MAF: minor allele frequency, OR: odds ratio, CI: 95 % confidence interval, B-D P: Breslow-Day P value for heterogeneity.

▶fig. 2 Meta-analysis of CMYA5 rs4704591 in 5 independent RA 
Caucasian datasets with Mantel-Haenszel combined OR = 0.94, 
95 %CI (0.88–1.00) with P = 0.042 using fixed-effect model.
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ment interactions might be responsible for the inconsistence in re-
sults between sample sets. Wei et al. (2017) [19] showed evidence 
for the presence of a geographically-dependent gene-environment 
interaction in distinct geographic locations by genotypic variabili-
ty-based GWAS meta-analysis of multiple RA cohorts represented 
geographical locations.

One limitation of this study is that selection criteria for the can-
didate loci were based on the association in the publicly-available 
GWAS case-control studies. It is possible that some associated loci 
were not captured in those studies since only about 80 % of the 
common SNPs in the Caucasian genome were genotyped. Another 
limitation of this study is that SNPs with the association P-values 
less than 0.05 in WTCCC RA dataset as primary discovery dataset 
were of interest for replication as candidate SNPs. However, repli-
cation of association for a candidate SNP was not successful in this 
study that might be explained by the fact that selected candidate 
SNP was of weaker associations (P = 0.002, OR = 0.874). Although 
it is arguable whether the selected SNP reflect a true effect as they 
reached only nominal statistical significance (P-values less than 
0.05). On the other hand, RA has 2 genetically distinct subsets (an-
ti-citrullinated protein antibodies (ACPA) positive and negative) 
each with some specific set of associated SNPs while they also share 
some susceptibility loci [1]. These phenotypic or genetic subtypes 
challenge the assumption of being a single biologically valid cate-
gory. In addition to the relatively small size of this study, one limi-
tation of this project is that RA cases were not subdivided into ACPA 
negative and positive cohorts to be studied separately. Therefore 
it is desirable to investigate the association of candidate SNP(s) in 
more specifically subdivided study cohorts in future.

The CMYA5 protein has been reported to interact with Dystrob-
revin Binding Protein 1 (DTNBP1) that has been confirmed to be 
linked to schizophrenia by several studies [7, 20–23]. CMYA5 is in-
volved in protein kinase A (PKA) signaling and vesicular trafficking 
[3]. Myospryn, the product of the CMYA5 gene, interacts with the 
product of the DTNBP1 gene or dysbindin [9]. DTNBP1 has been 
suggested to promote neuronal viability through PI3-kinase-Akt 
signaling [24]. There is well-established evidence for the role of the 
cAMP/PKA pathway in regulation of TNF-α and cytokine IL-10 in RA 
[25]. There is also evidence for interaction between the myospryn 
and the cAMP signaling pathway [9].

In conclusion, the findings of this study did not support the im-
plication of the CMYA5 gene in the development of RA. However, 
further investigations are required to investigate the variants within 
CMYA5 gene with regulation of the DTNBP1 and PKA genes. Func-
tional studies would be helpful to unravel the molecular basis of 
the CMYA5 gene’s relationship in these complex pathways.
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