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LACC1 polymorphisms in inflammatory bowel disease and
juvenile idiopathic arthritis
G Assadi1, R Saleh2, F Hadizadeh1, L Vesterlund1, F Bonfiglio1, J Halfvarson3, L Törkvist4, AS Eriksson5, HE Harris2, E Sundberg6

and M D’Amato1,7

The function of the Laccase domain-containing 1 (LACC1) gene is unknown, but genetic variation at this locus has been reported to
consistently affect the risk of Crohn's disease (CD) and leprosy. Recently, a LACC1missense mutation was found in patients suffering
from monogenic forms of CD, but also systemic juvenile idiopathic arthritis. We tested the hypothesis that LACC1 single nucleotide
polymorphisms (SNPs), in addition to CD, are associated with juvenile idiopathic arthritis (JIA, non-systemic), and another major
form of inflammatory bowel disease, ulcerative colitis (UC). We selected 11 LACC1 tagging SNPs, and tested their effect on disease
risk in 3855 Swedish individuals from three case–control cohorts of CD, UC and JIA. We detected false discovery rate corrected
significant associations with individual markers in all three cohorts, thereby expanding previous results for CD also to UC and JIA.
LACC1’s link to several inflammatory diseases suggests a key role in the human immune system and justifies further characterization
of its function(s).
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INTRODUCTION
The gene Laccase domain-containing 1 (LACC1), previously named
C13orf31, encodes a protein that lacks homology with any other
known mammalian protein, and the function of the gene in
humans is yet unknown. However, LACC1 share similarities with
bacterial multi-copper polyphenol oxidoreductases (laccases),
enzymes that catalyze the oxidation of aromatic substrates.1 In
addition, laccases have been shown to be a key component of the
immune system of insects.2 Furthermore, Joo et al.3 showed that
laccases have antioxidant potential in non-obese diabetic mice
and an inhibitory effect on cytokine-induced β-cell apoptosis in
type 1 diabetes.
Common LACC1 variants, including a coding single nucleotide

polymorphism (SNP) Ile254Val (rs3764147), have been found
significantly associated to Crohn’s disease (CD) and leprosy in
different genome-wide association studies (GWAS).4–10 In addition,
a rare missense mutation (Cys284Arg) in the same gene has been
reported recently in monogenic forms of CD but also in systemic
juvenile idiopathic arthritis (sJIA).11,12 Although the association
between LACC1 and inflammatory bowel disease (IBD) has been
established in earlier studies,4–6 there is no previous report on the
potential association between common LACC1 polymorphism and
juvenile idiopathic arthritis (JIA, non-systematic). To gain further
insight on its involvement in the susceptibility to human
inflammatory diseases, we set to test genetic variations at the
LACC1 locus in a pilot study of JIA patients, excluding sJIA
individuals, and a large well-established Swedish IBD case–control
cohort. Our results show for the first time that, in addition to CD,
LACC1 common SNPs represent genetic risk factors also for JIA and
ulcerative colitis (UC).

RESULTS AND DISCUSSION
Three cohorts of CD, UC and JIA patients and controls (whose
demographics are shown in Table 1) were genotyped for 11
LACC1 polymorphisms. The chromosomal position, minor allele
frequency, as well as the linkage disequilibrium (LD) structure,
location in the LACC1 genomic region and the functional effects
attributable to these SNPs are reported in Figure 1. Nine out of the
11 common SNPs that were tested for association with CD, UC, IBD
and JIA are located within the LACC1 gene or in its upstream or
downstream flanks, including the two coding SNPs, rs34414396
(Lys38Glu) and rs3764147 (Ile254Val) (Figure 1). After quality
control (success rate490% per marker), 11 SNPs and a total of
3855 samples were included in the association analyses, using
logistic regression adjusted for age and false discovery rate (FDR)
correction for multiple comparisons.
As shown in Table 2, significant associations with CD was

detected for eight markers (Po0.05), which were consequently
also significantly associated with increased risk of IBD. Interest-
ingly, six SNPs were significantly associated with increased UC risk
and four out of the eight SNPs were significantly associated with
an increased disease risk in the JIA cohort. After applying P-value
adjustments for multiple comparisons all the SNPs remained
significantly associated to each trait (Tables 2 and 3). In addition,
three SNPs became significantly associated with JIA (qo0.1)
(Table 3).
Located in intron four, rs895266 gave the strongest signal and

the largest genetic effect of increased CD risk (P = 0.0016, OR:
1.22). This variant was also significantly associated with increased
risk of UC (P= 0.0042). The top SNP associated with UC (P = 0.0031)
was rs2325089, which is located upstream of LACC1. Interestingly,
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the strongest signal with indication of increased JIA risk
(P= 0.0070, OR= 1.34) was shown by rs3816311, which is mapped
to the LACC1 5´ UTR. In addition, this variant was also associated

with increased CD risk (P= 0.0255). Three SNPs, located in exon two
(rs34414396), intron four (rs9533674) and intron six (rs9533682) of
LACC1, showed no association with any of the diseases.
Because of the nature of tested SNPs, which were selected

based on their tagging properties, it is not possible to argue
whether these also represent true functional variants, or simply
represents LD proxies for such changes. However, at least one of
these markers corresponds to the coding variant rs3764147
(Ile254Val), a common LACC1 SNPs that has been significantly
associated with CD and leprosy in different GWAS.4–10 In addition,
we also detected strong signals in the promoter region and
intron four of LACC1. Although located outside of the coding
region, these changes could influence the LACC1 transcriptional
activity by altering consensus regulatory sites, and therefore
resulting in net differences at the cellular expression level of the
corresponding protein.

Table 1. Demographics and clinical characteristics of the study
individuals

CTRL CD UC IBD (CD+UC) JIA

n 1205 1124 1297 2421 229
Mean age 61.6 55.1 57.3 56.1 10.4
M:F 689:516 576:548 727:570 1303:1118 64:165

Abbreviations: CD, Crohn’s disease; CTRL, control; IBD, inflammatory bowel
disease; JIA, juvenile idiopathic arthritis (non-systemic); M:F, male:female;
UC, ulcerative colitis.

Figure 1. LD map and characteristics of the studied LACC1 SNPs. Left: LD structure generated with Haploview 4.2 analysis of genotyping data
from the control population. The numbers in each box corresponds to r2-values between SNPs. Center: SNPs (marker) and SNP position (Chr
pos (Hg19)) are listed with alleles at each locus (SNP, minor allele in lower case) and minor allele frequency (MAF) in the European population
was retrieved from Ensembl. Right: position of each SNP within the LACC1 genomic region, and corresponding effect on messenger RNA.

Table 2. Summary statistics for CD, UC and IBD

dbSNP A1/A2 CTRL MAF
(N= 1205)

CD MAF
(N= 1124)

UC MAF
(N= 1297)

IBD MAF
(N= 2421)

CD p UC p IBD p CD OR (95% CI) UC OR (95% CI) IBD OR (95% CI)

rs2325089 G/c 0.319 0.362 0.359 0.361 0.0019a 0.0031a 0.0005a 1.21 (1.1–1.4) 1.19 (1.1–1.3) 1.20 (1.1–1.3)
rs4942255 T/a 0.405 0.441 0.434 0.437 0.0100a 0.0350a 0.0072a 1.17 (1.0–1.3) 1.13 (1.0–1.3) 1.15 (1.0–1.3)
rs12868462 T/c 0.451 0.481 0.479 0.480 0.0398a 0.0446a 0.0193a 1.13 (1.0–1.3) 1.12 (1.0–1.3) 1.13 (1.0–1.2)
rs3816311 G/a 0.391 0.425 0.413 0.418 0.0255a 0.1358 0.0331a 1.15 (1.0–1.3) 1.10 (1.0–1.2) 1.12 (1.0–1.2)
rs34414396 A/g 0.012 0.011 0.007 0.009 0.8650 0.0795 0.2644 0.95 (0.6–1.6) 0.59 (0.3–1.1) 0.76 (0.5–1.2)
rs3764147 A/g 0.199 0.232 0.219 0.225 0.0065a 0.0895 0.0119a 1.22 (1.1–1.4) 1.13 (1.1–1.3) 1.17 (1.0–1.3)
rs9533674 C/t 0.086 0.076 0.078 0.077 0.2214 0.3132 0.2006 0.88 (0.7–1.1) 0.90 (0.7–1.1) 0.89 (0.7–1.1)
rs895266 T/c 0.301 0.344 0.339 0.341 0.0016a 0.0042a 0.0006a 1.22 (1.1–1.4) 1.19 (1.1–1.3) 1.20 (1.1–1.3)
rs12428432 G/a 0.450 0.480 0.478 0.479 0.0423a 0.0457a 0.0204a 1.13 (1.0–1.3) 1.12 (1.0–1.3) 1.12 (1.0–1.2)
rs9533682 A/g 0.095 0.089 0.084 0.086 0.4824 0.1475 0.2066 0.93 (0.8–1.1) 0.87 (0.7–1.1) 0.90 (0.8–1.1)
rs9533685 A/g 0.414 0.453 0.443 0.447 0.0072a 0.0381a 0.0064a 1.18 (1.0–1.3) 1.13 (1.0–1.3) 1.15 (1.0–1.3)

Abbreviations: CD, Crohn's disease; CI, confidence interval; CTRL, control; IBD, inflammatory bowel disease; MAF, minor allele frequency; OR, odds ratio;
p, P-value; UC, ulcerative colitis. aq-value (FDR-corrected P-value) o 0.1. A1/A2: minor allele is in low case. IBD is the pooled analysis of CD and UC.
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Based on the findings by Wakil et al.,12 showing association of a
rare missense mutation in LACC1 with sJIA, we decided to test the
hypothesis that common LACC1 polymorphisms can broadly affect
disease risk in the more common non-systemic form of JIA. Our
results support this hypothesis. However, due to the relatively
small size of the samples included in this study this finding
requires conclusive validation in larger JIA cohorts.
Another interesting result in this study is the novel association

found between common LACC1 polymorphisms and UC, as
previous studies have reported LACC1 effects in CD only. Although
we cannot rule out that this represents a spurious association, it
has to be noted that the CD-predisposing LACC1 markers show
similar direction of genetic effects also in UC, although they did
not reach genome-wide significance in previous GWAS studies
and their meta-analysis. As we have shown before, CD–UC
respective associations with known IBD-risk loci are somewhat
skewed in the Swedish population, and may therefore imply
population specific differences that need further investigation.
The observation that LACC1 polymorphisms significantly associate

with UC, CD, JIA, as well as leprosy, suggests that there may be
molecular functions or pathways that are common to the
pathophysiology of these diseases. IBD, CD and UC are generally
regarded as conditions arising from a dysregulated interaction of the
immune system with the gut microbiota.13,14 Of note, Tejevsi et al.15

recently reported functional alterations in the gut microbiome of JIA
patients, and that the composition of the JIA microbiota shows
features previously reported in several other diseases including CD.
It is therefore possible to speculate that the mechanisms by which
LACC1 genetic variation impacts leprosy, IBD and JIA risk may be
similar, and possibly involve conserved responses to commensal
bacteria or pathogens like Mycobacterium leprae.
In conclusion, we replicate previous observed association of

LACC1 with IBD and CD in a Swedish cohort. Of novelty, we also
observed for the first time that LACC1 polymorphisms are
significantly associated with increased risk of JIA (non-systemic)
and UC. These results indicate that LACC1 polymorphisms may
play an important role in both IBD and JIA. In order to better
understand the role of LACC1 in human inflammatory diseases we
need to put future efforts into the characterization of its biological
function.

MATERIALS AND METHODS
Study subjects
In total, 2421 IBD patients (1124 CD and 1297 UC) were recruited
from tertiary gastrointestinal IBD units in Sweden. Diagnosis of IBD

(CD or UC) was confirmed in all cases according to established
European Crohn’s and Colitis Organization guidelines, including
radiologic, endoscopic and histopathologic examination.16,17

The JIA samples were obtained from 229 non-systemic JIA
patients registered at the Paediatric Rheumatology Unit Astrid
Lindgren’s Children’s Hospital, Karolinska. Diagnosis of JIA was
assessed in all cases according to the International League of
Associations for Rheumatology criteria (ILAR criteria).18 Swedish
control individuals were healthy blood donor volunteers (n = 1205)
who were included as reference set for association testing with
both IBD and JIA. The demographic and clinical characteristics of
the study individuals are reported in Table 1. The study was
approved by the regional ethical review board (Uppsala and
Stockholm).

Genotyping and quality control
LACC1 SNPs were chosen based on their tagging properties
using Haploview. Genotyping was carried out at the Mutation
Analysis Facility at Karolinska Institutet using matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry and iPLEX
chemistry (SEQUENOM Inc., San Diego, CA, USA).19 We studied in
total 11 SNPs in the LACC1 locus in the IBD and JIA cohorts. To
verify that each SNP was within Hardy–Weinberg equilibrium,
Fisher exact test was used, with a cut off Po0.05. Quality control
filters were applied based on ‘per SNP’ success rate490%.

Statistical and bioinformatics analysis
Single-marker analyses were performed using SNP & Variation
Suite v8.4.1 (Golden Helix, Inc., Bozeman, MT, www.goldenhelix.
com). Association analyses were performed with logistic regres-
sion under additive model using sex as covariate for the JIA cohort
because of the well-known female: male disproportion in JIA and
the associated JIA subtypes.20 Benjamini–Hochberg false discovery
rate (FDR) correction was applied to adjust for multiple
comparisons and q-value (FDR) significance threshold was set
to 0.1.
The Haploview 4.2 program (http://www.broad.mit.edu/mpg/

haploview)21 was used with genotype data from the controls to
characterize haplotype structure at the LACC1 locus.
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