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Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver disease characterized by
inflammation and fibrosis of the bile ducts. Both environmental and genetic factors contribute to
its pathogenesis. To further clarify its genetic background, we investigated susceptibility loci
recently identified for ulcerative colitis (UC) in a large cohort of 1186PSC patients and 1748
controls. Single nucleotide polymorphisms (SNPs) tagging 13 UC susceptibility loci were initially
genotyped in 854 PSC patients and 1491 controls from the Benelux (331 cases, 735 controls),
Germany (265 cases, 368 controls) and Scandinavia (258 cases, 388 controls). Subsequently, a
joint analysis was performed with an independent second Scandinavian cohort (332 cases, 257
controls). SNPs at chromosomes2p16 (p value 4.12x1074), 4927 (p value 4.10x107°) and 9934 (p
value 8.41x10~4) were associated with PSC in the joint analysis after correcting for multiple
testing. In PSC patients without inflammatory bowel disease(IBD), SNPs at 4g27and9g34 were
nominally associated (p<0.05). We applied additional in silico analyses to identify likely candidate
genes at PSC susceptibility loci. To identify non-random, evidence-based links we used GRAIL
analysis showing interconnectivity between genes in six out of in total nine PSC-associated
regions. Expression quantitative trait analysis from 1469 Dutch and UK individuals demonstrated
that five out of nine SNPs had an effect on cis-gene expression. These analyses prioritized 1L2,
CARD?9 and REL as novel candidates.

Conclusion—We have identified three UC susceptibility loci to be associated with PSC,
harboring the putative candidate genes REL, IL2 and CARD?9. These results add to the scarce
knowledge on the genetic background of PSC and imply an important role for both innate and
adaptive immunological factors.
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Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver disease characterized by
inflammation and fibrosis of both intrahepatic and extrahepatic bile ducts.(1) Currently there
is no curative therapy available and, in most cases, PSC ultimately leads to liver cirrhosis
and liver failure requiring liver transplantation.(2, 3) Population-based studies from the USA
and Norway show an incidence of 0.9 and 1.3 per 100,000/year and prevalence of 14.2 and
8.5 per 100,000, respectively.(4, 5) About 50 to 80 percent of the patients with PSC also
have inflammatory bowel disease (IBD), compatible with a diagnosis of ulcerative colitis
(UC) in approximately 80 percent of these cases and of Crohn’s disease (CD) or unclassified
IBD in the remaining 20 percent.(6)

PSC is a complex disease, with both environmental and genetic factors likely to determine
its development and course. Siblings of PSC patients are 9 to 39 times more likely to
develop PSC than the overall population. They also have an eight times increased risk of
developing UC, suggesting a shared genetic component between both diseases.(7) Very little
is known about the pathogenesis of PSC, but its high concordance with other immune-
mediated diseases and its known genetic associations within the HLA complex suggest that
PSC is an immune-mediated disease.(8)

Genome-wide association scans and candidate gene studies have identified more than 30
risk loci for UC in the past decade. Eighteen of these loci reached the threshold of genome-
wide significance.(9-16) Identifying these loci has led to a better understanding of the
biological pathways involved and implicatedTh1 and Th17 responses and the epithelial
barrier in UC pathogenesis.(17) However, little is known about the genetic architecture of
PSC. Since the discovery of associations between the HLA variants DR3 and HLA-B8 and
PSC in 1982,(18) many studies have confirmed genetic associations between variants in the
HLA complex and PSC.(19) Recently, two genome-wide association scans identified five
PSC risk loci outside the HLA complex including 2q13, 2935, 3p21, 10p15 and 13g31.(20,
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21) Of these loci,2g35 and3p2lare also associated with UC.(10-12) The causal genes for
these regions still need to be determined, but the locus on chromosome 2935 harbors a
compelling candidate gene (the bile acid receptor TGR5).(22)

BCL2L11 is an interesting candidate for the association at 2q13because of its role in
maintaining immunological tolerance, and IL2RA is of interest in PSC at 10p15 since IL2ra
—/— mice spontaneously develop intestinal and biliary inflammation.(21)

Our aim was to further clarify the genetic background of PSC. Because of the clinical
overlap between UC and PSC, we first investigated the association of 13recently identified
UC susceptibility loci in a cohort of 1186PSC patients and 1748healthy controls. We further
analyzed whether associations were limited to PSC patients with concomitant IBD or to PSC
patients without IBD. Finally, we used eQTL mapping and Gene Relationships Across
Implicated Loci (GRAIL) analysis (23) to propose likely causal genes from the nine known
PSC-associated loci, including the three new ones.

We included 1186 primary sclerosing cholangitis (PSC) patients and 1748healthy controls in
our cohorts. The initial three cohorts comprised 331 Benelux, 265 German and 258
Scandinavian patients, and735 Benelux, 368 German and 388Scandinavian healthy
individuals. A second Scandinavian cohort included in the joint analysis consisted of 332
patients and 257 controls. Benelux patients were recruited at the Academic Medical Center
in Amsterdam and the University Medical Center Groningen, the Netherlands, and at the
University Hospital Leuven, Belgium. The German patients were recruited through the
Northern German biobank popgen (http://www.popgen.de), and contain patients from the
University Medical Center Hamburg-Eppendorf, the Hannover Medical School and the
Christian-Albrechts-University Hospital Kiel. The PSC patients in the Scandinavian cohorts
were recruited at the Rikshospitalet, Oslo University Hospital, Oslo, Norway, the Huddinge
University Hospital, Stockholm, Sweden and the Sahlgrenska University Hospital,
Gothenburg, Sweden. A description of the clinical characteristics of the PSC cases is
provided in Supplementary table 1.

Healthy controls from the Benelux were blood donors recruited from donor centers in
Groningen, the Netherlands, and from healthy volunteers recruited via the University
Hospital Leuven, Belgium. DNA from the German controls was obtained from blood donors
through the Northern German biobank popgen. The Scandinavian controls were randomly
selected from the Norwegian Bone Marrow Donor Registry. Although blood bank donors
and bone marrow donors are a selected group compared to population controls, they are
regularly and confidently being used in genetic association studies.(24)

The diagnosis of primary sclerosing cholangitis was based on standard clinical, biochemical,
histological and cholangiographic criteria.(25) The diagnosis of IBD was based on accepted
clinical, radiologic, endoscopic and histopathologic criteria.(26) Phenotype information on
IBD status was available for 984cases, of which 739cases had concurrent IBD and 245cases
did not. Written informed consent was obtained from all participants. Recruitment of the
participants was approved by the ethics committees at each of the recruiting hospitals.

Genotyping and SNP selection

At the start of the study all known UC loci identified through GWAS and large candidate
gene studies were considered. In total we included 13 single nucleotide polymorphisms
(SNPs) tagging 13 recently identified UC susceptibilityloci(14-16, 27, 28) (Table 1). Fifteen
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other UC susceptibility variants had been tested before as part of a GWAS in PSC in the
Scandinavian PSC population and were therefore not included in the current study.(20)

Genotyping of the initial three cohorts (Benelux, German, and Scandinavian 1) was
performed using TagMan technology from Applied Biosystems(Foster City, California,
USA) according to the manufacturer’s recommendations. The patient and control DNA
samples were processed in 384-wells plates, with each plate containing 16 genotyping
controls (four duplicates of four Centre d’Etude du Polymorphisme Humain (CEPH) DNA).
The results from the genotyping assays were analyzed using SDS 2.3 software compatible
with the TagMan system. Genotype data for the Scandinavian replication panel
(Scandinavian I1) were extracted from a previous PSC GWAS. The patients and controlsin
this study were genotyped with the Affymetrix® Genome-Wide Human SNP Array 6.0
(Affymetrix, Santa Clara, CA, USA). Details on quality control and imputation of additional
genotypes (using MACH software version 1.0.16) are described previously.(21, 29)
Individuals overlapping with the Tagman genotyped Scandinavian study panel were
excluded from the GWAS data (n=5 controls).

For the directly genotyped SNPs genotyping cluster plots were manually inspected to ensure
high genotyping quality while for the imputed SNPs good imputation quality was required
(r>0.3).

Allelic association analysis

Statistical analysis of the genotyping data from the initial three cohorts genotyped with
Tagman assays was performed using PLINK software version 1.06.(30) Quality controls
excluded samples with a low genotyping success rate (missing one or more SNPs) and SNPs
with a genotyping success rate below 95%. SNPs showing deviation from Hardy-Weinberg
equilibrium (HWE) in the controls (P < 0.004) would be discarded from further analysis. All
13 SNPs were in HWE, therefore no SNPs were discarded. To correct for multiple testing
forthe13 SNPs, we determined a significance threshold for P at 0.05/13 — P <0.004.

Differences in allele frequencies between cases and controls were analyzed in the three
individual cohorts with a 2 test. Association analysis for the combined German, Benelux
and Scandinavian I cohort was performed with a Cochrane-Mantel-Haenszel (CMH) test. A
Breslow-Day test for heterogeneity of odds ratios was also performed for the combined
cohort.

Association analysis for the Scandinavian Il cohort was performed as follows: To take
account of uncertainty from the imputation, allele dosages were used for all calculations
except for Hardy-Weinberg equilibrium, which was evaluated using the best-guess
genotypes in PLINK v1.06.(30) For one SNP(rs6017342) the controls showed deviation
from HWE, therefore this SNP was discarded for further analysis. The SNPs were tested for
association using binary logistic regression as implemented in the R statistical package
version 2.11.1.

The combined analysis of the Tagman genotyped data and the GWAS data was conducted
using weighted Z-scores.(31) To take account of unequal numbers of cases and controls in
the study panels, the effective sample size was used for the weighting of the Z-scores.(32)
To check for heterogeneity of the associations between the four different cohorts a Breslow-
Day test was performed in R statistical package. Regarding the Scandinavian Il cohort, 2x2
tables with allele frequencies in cases/controls were recalculated using allele frequencies
based on the allele dosages from the GWAS.
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In silico Analyses

GRAIL analysis

To obtain insight into the functional relation of the PSC risk loci, we performed a Gene
Relationship Across Implicated Loci (GRAIL) pathway analysis
(http://www.broadinstitute.org/mpg/grail). GRAIL is a statistical tool that uses text mining
of PubMed abstracts to annotate candidate genes in loci associated with disease risk.(23) We
included all six regions that showed an association in previous studies,(20, 21) in
combination with the three new loci we identified. Specifically, GRAIL evaluated each gene
in a PSC-associated locus for non-random correlation with genes in the other eight loci, via
word-usage in PubMed abstracts related to the gene. We used HG17 and December 2006
PubMed datasets, default settings for SNP rsNumber submission, and all nine PSC loci as
query and seed. To assess the accuracy of the statistical significance of the set of
connections, we conducted simulations in which we selected 1000 sets of nine SNPs. Since
PSC associated SNPs were in genomic regions implicating 100 genes, we selected SNP sets
using rejection sampling that implicated 100 genes + 5%. Each of these 1000 sets were also
scored with GRAIL.

Expression quantitative trait locus analysis

We used genetical genomics data of 1469 peripheral blood DNA and RNA (PAXgene)
samples from Dutch and UK individuals, described in detail by Dubois et al.(33) to perform
an expression quantitative traitlocus (eQTL) analysis. All samples had been genotyped using
either an Illumina Hap370 or 610-Quad platform. Imputation for ungenotyped SNPs was
performed using IMPUTE software (https://mathgen.stats.ox.ac.uk/impute/impute.html).
RNA from these individuals was hybridized either to an lllumina HumanRef-8 v2 array (229
samples, Ref-8 v2, Gene Expression Omnibus (GEO) accession GSE20332) or to an
[llumina HumanHT-12 array (1,240 samples, HT-12, GEO accession GSE20142), and raw
probe intensity extracted using BeadStudio. The Ref-8 v2 samples were jointly quantile
normalized and log2 transformed, as were the HT-12 samples. Expression variation due to
batch and technical effects were removed by using principal component analysis (PCA) and
removal of 50 PCAs. Subsequent analyses were conducted separately for both datasets, up to
the eventual eQTL mapping, which used a meta-analysis framework combining eQTL
results from both arrays. We applied a window of 500kb around each SNP (250kb on each
side).

To prevent spurious associations due to outliers, a non-parametric Spearman’s rank
correlation analysis was performed. When a particular probe-SNP pair was present in both
the HT-12 and Ref-8 v2datasets, an overall joint P value was calculated using a weighted Z-
method (square root of the dataset’s sample number). To correct for multiple testing, we
controlled the false-discovery rate (FDR). The distribution of observed P values was used to
calculate the FDR, by permuting expression phenotypes relative to genotypes 25 times
within the HT-12 and Ref-8 v2dataset. cis-eQTLs were considered statistically significant
with a Spearman P < 0.0028, corresponding to a 5% FDR. Finally, we removed any probes
from the analysis that contained a known SNP (1000Genomes CEU(Utah residents with
European ancestry) SNP data, April 2009 release) to prevent false-positive associations,
assuming the “probe SNP” caused differential hybridization. Six regions that showed an
association in previous studies, along with the three loci identified in our study, were
included in the eQTL analysis.
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Initially, we genotyped 13 SNPs in 854 PSC patients and 1491 controls. After applying
quality control measures, 823 cases (96,4%) and 1445 controls (96,9%) were available for
further analysis. Next, a joint analysis was performed with an independent Scandinavian
cohort consisting of 332 cases and 257 controls. Thus, in total1155PSC patients and 1702
controls were analyzed. Both in the initial analysis as in the joint analysis we did not observe
any heterogeneity of the ORs between the cohorts(Breslow Day test p>0.004)

Allelic association analysis of UC susceptibility loci in PSC

Combined analysis of the initial three cohorts revealed three loci associated with PSC. The
strongest association was observed for SNP rs6822844 at locus 4927 with a P-value of
6.87x107* (ORT gijele 0.73; 95% CI 0.61-0.88). SNP rs4077515 at 9934 was associated with
a p-value in the combined analysis of 2.18x1073 (ORT gjjele 1.21; 95% CI 1.07-1.37) and
rs6706689 at 2p16 showed a P-value of 2.62x1073 (ORp ajjele 0-82; 95% CI 0.73-0.93). All
the results are shown in Table 1. Joint analysis with an independent Scandinavian cohort of
332 cases and 257 controls further strengthened the association signal(p=4.10x10~° for
rs6822844, p= 8.41x10™4 for rs4077515 and p= 4.12x10~* for rs6706689, Table 2). All
currently identified allelic association signals for PSC are in the same direction as the
original identified associations for ulcerative colitis.

Association with PSC in patients with or without IBD

Of the 984PSC cases for which IBD phenotype information was available, there were
739cases with concurrent IBD and 245 cases without it. After quality control, 732PSC cases
with IBD and 241PSC cases without IBD were available for further analysis. Two of the
three SNPs associated in the entire PSC cohort were also nominally associated in PSC
patients without 1BD: rs6822844 at 4g27 (P = 1.54x102) and rs4077515 at chromosome
9934 (P =1.62x1072), but they were not statistically significant after correcting for multiple
testing.(Table 3)

In silico GRAIL and eQTL analysis

For both the GRAIL and eQTL analyses, we took the three new risk loci (rs6822844,
rs4077515 and rs6706689) and added the six previously reported loci, including the HLA
locus (rs6720394, rs12612347, rs3197999, rs3134792, rs10905718 and rs9524260). GRAIL
shows significant interconnectivity between genes at six out of the nine PSC associated
regions. Results of the GRAIL analysis are shown in Figure 1.

The mean number of P <0.05 hits in a simulated list was 0.291, with a range in the 1000 sets
from zero to five. The likelihood of observing six hits with P <0.05 is therefore less than
0.1%.

Five out of the nine SNPs had a significant effect (Spearman P <0.0028; FDR 0.05) on
expression of one or more nearby genes. The results of both the GRAIL and eQTL analyses
are summarized in Table 4. Detailed results of the eQTL analysis for each locus are given in
the online supplementary materials (Supp. Table 2 and Supp. Figs 1A-P).

Discussion

In a large, northern European cohort consisting of 1186PSC cases and 1748controls we
identified three UC susceptibility loci on chromosomes2p16, 4g27 and 9934 to be associated
with PSC. In silico analysis using GRAIL and eQTL analyses prioritized REL, I1L2, 1L21 and
CARD?9 as putative candidate genes from these associated loci. These results add to the
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scarce knowledge about the genetic background of PSC and candidate genes residing at
these and previously identified loci highlight an important role for both the innate and
adaptive immunological factors in disease pathogenesis.

On the 40927 locus SNP rs62822844 resides in a non-coding region upstream of IL21 and
downstream of IL2. The region shows extensive linkage disequilibrium (LD) and harbours
four genes: KIAA1109, TENR, IL2 and 1L21. Due to the LD structure, defining the causal
variant by conventional genetic testing is difficult. From a functional perspective and from
secondary interconnectivity analysis IL2 and IL21 are the most compelling candidate genes.
Furthermore IL2RA, encoding the alpha subunit of the IL2 receptor, was found to be
associated with PSC in a recent genome-wide analysis, suggesting an important role for the
IL2 pathway in disease pathogenesis.(21) The IL2-1L21 region appears to be a general risk
locus for many immune mediated diseases since it is associated with multiple diseases such
as celiac disease, UC, type 1 diabetes, systemic lupus erythematosus, rheumatoid arthritis
and psoriasis.(27, 34-38) IL2 serves as a T-cell growth factor, augments natural killer (NK)
cell cytolytic activity and promotes immunoglobulin production by B cells. IL2 is also
involved in the development of regulatory T-cells playinga role in T-cell tolerance. (39) The
other possible candidate gene from the 4927 locus is IL-21 which has a broad function,
including promotion of differentiation of B cells to plasma cells, driving the expansion of
CD8+ T cells, and acting as a pro-apoptotic factor for NK cells and incompletely activated B
cells.(39)

The 9934 locus constistutes an extended haplotype block spanning 120 kb including
multiple genes (among others CARD9, GPSM1, SNAPC4, SDCCAG3, PMPCA, INPP5E,
and KIAA0310). Although a number of genes located in this LD block are attractive
candidates for association with PSC, previous reports on IBD prioritized CARD9 as the most
likely candidate gene.(37) Furthermore, the associated SNP rs4077515 exerts a very strong
effect on the expression of CARD9 (Cis-eQTL p-value 5.81x107125) in our current analysis.
In addition, CARD9 is interesting from a functional point of view as the encoded protein of
CARD? plays an essential role in stimulating innate immune signaling by intracellular and
extracellular pathogens. After binding of fungi to the Dectin-1 receptor or bacteria to the
Toll-like receptor (TLR), CARDS stimulates T cells to differentiate into type 17 helper T
cells (Ty17 cells) and also promotes the pro-inflammatory cytokine production.(40, 41)
Tn17 cells are increasingly recognized as being involved in host defense and inducing
autoimmunity and tissue inflammation.(42, 43) On chromosome 2p16 the REL gene is a
possible candidate for the association with rs6706689. REL is a key mediator in NF-xB
inflammatory signaling. Besides UC, this locus is also associated with celiac disease(44) and
rheumatoid arthritis.(45)

From the previously identified PSC loci, TGR5, the G protein-coupled bile acid receptor 1
(GPBAR1) is a compelling candidate gene at chromosome 2g35 because of its function in
bile duct homeostasis and inflammation; recent re-sequencing and functional studies have
provided insight into the function of TGRS5. Due to the strong linkage disequilibrium (LD),
other genes at the 2q35 locus cannot be excluded as PSC-associated genes(21) and our
analyses showed that SLC11A1 (NRAMP1) might also be a candidate gene. SLC11A1
encodes a multi-pass membrane protein and is involved in iron metabolism and host
resistance to certain pathogens.(46, 47) and the locus is also implicated in other immune-
related diseases such as rheumatoid arthritis.(48)

As PSC is strongly associated with IBD, and in particular with UC, it is difficult to identify
loci specifically associated with PSC (Supp. Table 3). In the literature it is debated whether
IBD in PSC patients is indeed UC or Crohn’s Disease (CD) or whether it represents a
distinct entity of IBD. Disease in patients with the PSC-IBD phenotype is, for instance, more
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frequently characterized by rectal sparing and backwash ileitis compared to chronic UC
patients.(49) Furthermore, previous candidate gene studies investigating IBD genes in PSC
did not yield any associations with PSC.(50) It is compelling that two out of three loci were
associated in the subgroup of PSC patients without IBD despite the low power of this
subgroup analysis. These associations do not pass stringent correction for multiple testing,
but the fact that the association is in the same direction as for the whole cohort suggests
association irrespective of concomitant IBD. However, it is important to realize that the
group of PSC patients without IBD is difficult to define precisely since the IBD in PSC can
present either before the onset of PSC or up to several years after the PSC diagnosis,(1) and
even sometimes after liver transplantation.(51)

Since only five non-HLA genetic risk loci for PSC had been identified before, this study
provides a major addition to the current knowledge on the genetic background of PSC. The
PSC susceptibility loci we identified in our study were not found in the two recently
published GWAS. (20, 21) A probable reason for this is that the number of samples in the
discovery sets for both GWAS were small (285 and 715 cases, respectively) and due to the
general design of GWAS studies, many true positive findings will be discarded and not
followed up due to stringent thresholds for multiple testing, hereby ignoring large amounts
of data. In the current study, the associations reported do not reach genome wide significant
levels but are robust to correction for multiple testing using a conservative Bonferroni
approach. Although the current cohort is large, not reaching genome wide significance
might be due to the lack of power to identify genes with smaller effect sizes than the
previously reported associations.(20, 21) Since PSC is a relatively rare condition, large-scale
international collaborations will be needed to identify additional genetic loci with even
smaller effect sizes.

In conclusion, we have identified three UC susceptibility loci to be associated with PSC.
Likely candidate genes at these and other PSC susceptibility loci highlight an important role
for the innate immune system (REL, CARD?9) and the adaptive immune system (IL2-I1L2R
pathway). Large international collaborations, using custom array-based technologies, have
started fine-mapping studies aimed at identifying causal variants within the PSC-associated
loci. These studies will hopefully lead to a better understanding of PSC pathogenesis and
identify possible targets for therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Financial Support

This study was supported by a clinical fellowship grant (90.700.281) from the Netherlands Organization for
Scientific Research (NWO) to RKW. SR is supported by an NIH Career Development Award (1KO8AR055688).
The study was supported by The Norwegian PSC research center (http://www.rikshospitalet.no/nopsc), the German
Ministry of Education and Research (BMBF): through the National Genome Research Network (NGFN) and the
Integrated Research and Treatment Center Transplantation (reference number: 01EO0802). This study received
infrastructure support through the Research Computing Services at the University of Oslo. L.H.v.d.B. and R.A.O
acknowledge funding from the Amyotrophic Lateral Sclerosis Association. R.A.O acknowledges funding from the
National Institute of Neurological Disorders and Stroke(NINDS)

We thank Jackie Senior for editing the manuscript. Dr. Benedicte A. Lie and the Norwegian Bone Marrow Donor

Registry at Oslo University Hospital, Rikshospitalet are acknowledged for contributing the healthy Norwegian
control population.

Hepatology. Author manuscript; available in PMC 2012 June 1.


http://www.rikshospitalet.no/nopsc

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Janse et al. Page 9

List of abbreviations

PSC primary sclerosing cholangitis

IBD inflammatory bowel disease

ucC ulcerative colitis

CD Crohn’s disease

GWAS genome-wide association scan/study

HLA human leucocyte antigen

BCL2L11 BCL2-like 11

IL2RA interleukin 2 receptor, alpha

eQTL expression quantitative trait

GRAIL Gene Relationships Across Implicated Loci

SNP single nucleotide polymorphism

CEPH Centre d’Etude du Polymorphisme Humain

HWE Hardy-Weinberg equilibrium

CMH Cochran-Mantel-Haenszel

GEO Gene Expression Omnibus

PCA principal component analysis

FDR false discovery rate

OR odds ratio

1L2/21 interleukin 2/21

CARD9 caspase recruitment domain-containing protein 9

REL v-rel reticuloendotheliosis viral oncogene homolog

LD linkage disequilibrium

NK natural killer

TLR toll-like receptor

GPBAR1 G-protein coupled bile acid receptor 1

SLC11A1 solute carrier family 11 member 1

NRAMP1 natural resistance-associated macrophage protein 1
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Figurel. Gene Relationships Across Implicated Loci (GRAIL) pathway analysis

Links between genes at nine Primary Sclerosing Cholangitis associated loci. Specifically, all
of the nine PSC-associated SNPs are in LD intervals containing, or within 50kb of at least
one known gene. In total there are 100 genes implicated by proximity to these nine SNPs.
Each observed PSC-association was scored with GRAIL, which takes all genes mapping
within PSC-associated intervals and evaluates for each whether it is non-randomly linked to
the other genes, via word-usage in PubMed abstracts. The lines between genes represent
individually significant connections that contribute to the positive signal, with the thickness
of the lines being inversely proportional to the probability that a literature-based connection
would be seen by chance.

Hepatology. Author manuscript; available in PMC 2012 June 1.



Page 14

‘sa1pnis snotAsid Ag paqiosap se 1salaiul
10 s3uafb 8y} s101dap UWIN|OD PAIY} BYL “[EAISIUI BOUSPIUOD ‘1D ‘013R SPPO “HO ‘1581 ABQ-MO|salg ‘Ag ‘1S3) [9ZSUBH-[3IURIA-aURIYD0D 1581-HIND ‘Aouanbaly aja]1e JoUlAl ‘4VIN "+00"0=d :90uedi4IuBIS 10} P|OYS3IY} P31O81I0D 1UOLIBJUOY "UOIIRID0SSE 81821PUl Pjog Ul sanjeA-d

Janse et al.

NIH-PA Author Manuscript

z-0Tx8L°L 86'0 €1'T-88°0 | 00T | L20 ¢y'0/6€°0 z-0TxvE'9 | 8€0/EV'0 050 T¥'0/6€°0 o TaAv1 €E06¥69S1 | L
€e0 z80 ¢T'T-/80 | 660 | LEO GE'0/LE0 €20 LE0/EE0 €6°0 §€'0/SE°0 Vo ovre 69985.0Ts! | 6
T¢0 180 ¥T'1-G8'0 | 860 | 610 8T°0/6T°0 170 €2°0/6T°0 9v'0 €¢°0/vC0 O/L €V60715/2,090 870.S6¥S1 | G
090 €50 8T'T-2¢60 | ¥O'T | ¥20 2e0/5€°0 880 6€°0/07'0 06°0 L€°0/92°0 oN J2d4904/vey9d4d | 60€0080TS! | T
z-0TxGET 1240 1ST-280 | ¥T'T | -O0TxVLV | 020°0/8700 | ¥2'0 €50°0/6€0°0 | 680 €€0°0/vE0°0 \/B] LYNdA-T4HNINS 66.608.S1 | L
90 6€°0 60'1-18°0 | ¥6'0 | 080 0¢°0/0Z°0 rAl0] €2°0/0C°0 150 ¢C'0/1e0 o THAd G8/8¢.T81 | 9T
090 LE0 0¢'T-¥6'0 | 90T | SS°0 15°0/67°0 [440] ¥¥°0/87°0 06°0 Sy'0/S°0 J/L uoifas £7ANYO 08¥5S0€CsI | LT
S50 g0 L0'T-18°0 | €60 | LE0O 92°0/€C°0 2.0 12°0/82°0 920 L2°0/S2°0 JAR V1D TTOT8LYSI | 9T
€0 ST°0 €0'T-T80 | 160 | z-0Tx86V | 0S'0/¥v°0 86°0 6¥°0/6¥7°0 €50 6v°0/81°0 o 1342771 690TLLSS1 | ¢¢
87’0 z-0TxTS'S | 00'T-6L0 | 68°0 | 060 87°0/LV'0 z-0Tx06'9 | .v°0/2¥'0 810 8¥'0/S1°0 o VidNH ¢YELTO9SI | 02
86°0 ¢-0TxC9C | €6°0-€L0 | ¢80 | ¢-0TxLL8 | T+°0/9€°0 ST0 8E°0/7€0 2-0Tx6C'v | 0¥°0/5€°0 OV 134/0TSNd 68990,9s4 | ¢
890 ¢-0Tx8T°C | L€T-/0T | T¢'T | LEO 9v'0/8%7°0 170 ¢v'0/ILy0 g-0TxCE'L | ev0/61°0 o/L 6AdvO GTGLL0VSH | 6
¥.°0 v-0Tx/89 | 88'0-T9'0 | €40 | -0Tx99'8 | 6T0/ST'0 z-0TxS6'T | €1°0/060°0 z-0Tx6E'S | ST0/2T'0 9/L Tere ¥82289s4 | v
anjea-d (1410/8s52D) (1430/95€0) (1419/95€0)
anjea-d g | 158-HIND | 10 %S6 | HO | enfea-d dvIN anjea-d dvIN anjea-d dvIN
(5104309 G T ‘sased €z8) | (S1043u09 8¢ ‘sased gGz) | (S]1043u0d T9E ‘sased z9z) | (sjo43u0d 0o, ‘sased 6og) | (Mewyuiw)
140409 pauiquiod eIARUIPURIS Auewsn xnjauag SR 153433U1 JO BUBD dNS Vo)

sisA[euy paulquiod e pue sHOYoD DSd 834y L Ul 1907 Ajjigndadsns N €T 40 sisAfeuy Uo1eId0ssY d1|3| 1V

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Hepatology. Author manuscript; available in PMC 2012 June 1.



Page 15

‘sisAJeue juiol ay} 10y papJeasip Sem dNS SIY) 2404318y |
“(#00°0 >d) $03U0d 3U Ut (IMH) Wwinugi|inbd BiaquIBM-ApIeH W04 UOIBIASP PAMOUS dNIS Z¥ELT09S 34} HOYOD || UBIABABUIPUBIS B} U]
x

'$8102s-7 paybiam Buisn pa1onpuod sem eiep SWYAND 8yl pue elep padAioush uewbe] ayl o sisAeue juiol 8yl 'SWAD DSd Shoinald e wouy pajoesxa sem eyep adAloush
Y2IYM JO 1OY0I || UBIABUIPUBDS JUapuUadapul [euonippe ue pue ‘sAesse uewbe] Ag SHOYOI | UBIABUIPURIS PUB UBLLIBS) ‘XNjauag JO SISA[eU |9ZsuseH-|alue|\-aueIyd0D) paulquiod ayl Uaamiaq sisAjeue juior

V0 LL°0 0€°0— ¥5°0 19°'0— EV'0/TY°0 86°0 ¢0'0— Tanv1 €€067769S1 L
44\ Sv'0 SL°0 ¢-0Tx8Y'€ 14 ¢E0/LE0 ¢80 €2°0— oAVl 6998507184 6
990 8L°0 6¢°0— 680 ¥1°0— 02°0/6T°0 180 G2'0— €V6271S/2.d9D 870,561 S
180 iZA0) €0 €9°0 6% 0— ¥€0/2€°0 €90 €90 02d924/vedOdd | 60€0080TSH T
9¢'0 9¢'0 4 €€0 86°0 120°0/8€0°0 0 8.0 LYNdA-T4HNINS 66.608.S1 L
06°0 [440] X 0€0 Y0 1— 8T°0/9T°0 6€°0 G8°0— THAOD G8/8¢/TS1 97
€80 6€°0 180 680 10 Ly'0ILY0 LE0 06°0 uoifas €1AQNIO 08¥750€¢s! LT
¢80 050 89°0— 790 JA4] 9¢'0/L20 ¢g0 00 T1— V1D TT0T8.L¥SI 97
990 ¢-0Tx8¥'¢C e e— ¢-0Tx.9€ | 60°¢— ¥5°0/87°0 ST'0 Sy i- 342771 690T..GS1 [44

- - - - - - Z-0TG*15'G 61— WPANH <CVELTO9S! | gz
00T v-0TxZT'Y £ge- 2-0Tx80'9 | L8'1- S7'0/6€°0 £-0Tx29C 10— 134/0TSNd 68990/9s1 | 2
06°0 -0TxT¥'8 1223 8T'0 ve'T Sv'0/87°0 €-0Tx8T'¢C 90°€ 6d4vO GTSLL0PSA 6
96°0 S-0Tx0T'¥ or'y— ¢-0Tx8'T LE72— ¢C’0/9T°0 ¥-0Tx/89 6€°€— T/ 7828984 ¥

anjen-d ag anjea-d 9102s-z pa1ybIapn anfea-d 8102s-z | (s]043U09/5858I) 4N anfea-d HIND 9102s-2
(51040302 Z0LT ‘s8Sed GGTT) SIsA[eue-els|N (5104309 /G ‘S8SED ZEE) |1 UBIARUIPUBIS (S1043U09 G ‘s8SEI £28) | UBIABUIPURIS
‘UBWID ‘XN[auag $}40Y0d Pauiquiod EELS dNS o

Janse et al.

"JI0U03 UBIARUIPUROS [BUOIIPPE U UM S1I0U0D DS 984y) [RIIUI U JO SISAJeur Julop

¢?olqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Hepatology. Author manuscript; available in PMC 2012 June 1.




Page 16

*(1 UBIARUIPUEDS ‘UBLLIBD) ‘XN[BUSE) SHOYO0D 884U} [BIIUI 8Y) JO 1S81-HIAID U1 WOl S dNS SIU1 10y anjeA-d pue 8109S-Z UMOUS
8y "sisAjeue Juiof ay 1oy papaeasIp sem dNS SIY) 810ja18y 1 “(#00°0 >d) $]03U0d 8yy Ul (IAMMH) wnugijinba Biaquisp\-ApJeH WOy UOIIBIASD PIMOYS dNS ZELT09SI 8} ‘10Y09D || UBIABARUIPUEIS 3U) U]
*

‘agi noyum suaned DSd pue agl yum siuaired DSd ut pawioyiad a1am sasAjeue dnosBgns ‘snyels qgl umouy yum siuaned Dsd Ul

Janse et al.

740 81T 96'0 9500 TV €E06176981 L
0€0 €01 990 124\ ovr 6998520181 6
8.0 8¢°0— 86°0 ¢¢0'0— €v62715/22d80 870,561 S
8.0 8¢°0— G8°0 6T°0 0¢d4904/vVed9Odd | 60€0080TS4 T
160 6€0°0 910 6€T LYNdA-T4HNINS 66.608.51 L
€6°0 ¥80°0 €20 61— THAd G8/8¢/TS4 91
810 €eT S50 650 uoifal €1ANY0 08750€Cs! LT
ST'0 Svr'1T 080 9¢°0— V1o TT0T8.LYSI 91
¢-0Tx0v'€ ¢le— ST°0 Sy 1- 1344771 690T..GS4 [44
190 15°0- Z-0Tx/8'8 0L1- VrANH «CVELTO9S! | o7
LE°0 68°0— 7-0TxELY 0G'€— 134/0TSNd 689902951 4
¢-0Tx¢9'T ov'e €-0Tx¢L'e 06'¢ 6AQdVvO GTGLL0PSA 6
C-0TxvS'T 14 a4l 7-0Tx12'9 ey e— Tere ¥¥822¢89S4 %
anfea-d 9100s8-2 anpea-d 2400s-2 EIELS) dNS o
(S1011U00 GpT ‘s3sed THz=u) agl INoyum siuaired OSd | (S1041U00 GypT ‘s8sed 6g2) Adl yum swisired OSd

NIH-PA Author Manuscript

NIH-PA Author Manuscript

€9lgel

NIH-PA Author Manuscript

@gi Inoynm pue ag| Yim sased OSd Ul SISA[eue UOLRId0SSe 1j3] |/

Hepatology. Author manuscript; available in PMC 2012 June 1.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Janse et al.

Table 4

Overview of PSC Loci and Implicated Candidate Genes

Chr SNPdb ID Candidate gene | GRAIL CiseQTL
2p16 rs6706689 PUS10/REL REL AHSA2
2q13 rs6720394 BCL2L11 BCL2L11 | -
2935 rs12612347 GPBAR1 SLC11A1 | AAMP
SLC11Al
IL8RA
IL8RB
ARPC2
3p21 rs3197999 MST1 - UBA7
MST1///APEH
RNF123///AMIGO3///GMPPB
4927 rs6822844 1L2/21 IL2 -
IL21
6p21 I'S3134792* HLA-B LTA HCP5
LTB
TNF
AIF1
9q34 154077515~ CARD9 - CARD9
INPP5E
SDCCAG3
INPPSE///SEC16A
SNAPC4
10p15 | (s10905718™ | IL2RA IL2RA -
1331 | rs9524260 GPC6 - -

Page 17

Overview of PSC loci identified in the current study and previous genetic studies in PSC.(20,21)Candidate gene: positional candidate gene or gene
of interest annotated in previous studies, GRAIL: most likely candidates based on GRAIL analysis; Cis eQTL: cis-expression of one or more genes.

*
These SNPs were not in Hapmap r21, so perfect proxies (r2 = 1) were used in the GRAIL analysis: rs2844577 for rs3134792, rs12412095 for
rs10905718, and rs10870077 for rs4077515
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