1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Inflamm Bowel Dis. Author manuscript; available in PMC 2020 June 11.

-, HHS Public Access
«

Published in final edited form as:
Inflamm Bowel Dis. 2016 June ; 22(6): 1346-1352. doi:10.1097/M1B.0000000000000771.

TNFRSF1B Is Associated with ANCA in IBD

Dalin Li, MD, PhD", Mark S. Silverberg, MD, PhDT, Talin Haritunians, PhD", Marla C.
Dubinsky, MD#¥, Carol Landers, BS*, Joanne M. Stempak, MST, Raquel Milgrom, MDT,
Xiuqing Guo, MD, PhDS, Yii-Der Ida Chen, PhDS, Jerome I. Rotter, MD, PhD8, Kent D. Taylor,
PhD8, Dermot P. B. McGovern, MD, PhD*, Stephan R. Targan, MD"

*Department of Medicine, F. Widjaja Foundation Inflammatory Bowel and Immunobiology
Research Institute, Cedars-Sinai Medical Center, Los Angeles, California

TMount Sinai Hospital, Toronto, Ontario, Canada
*The Susan and Leonard Feinstein IBD Clinical Center, East New York, New York

SInstitute for Translational Genomics and Population Science, Los Angeles Biomedical Research
Institute and Department of Pediatrics, Harbor-UCLA Medical Center, Torrance, California.

Abstract

The genetic basis of antineutrophil cytoplasmic antibody, an important biomarker of inflammatory
bowel disease (IBD), has never been thoroughly examined on a genome-wide scale. In this study,
we performed a 2-stage genome-wide association study (GWAS) on antineutrophil cytoplasmic
antibody in IBD cases. In the 2959 IBD cases in the discovery stage, we observed an association
between a variant in the gene TAVFRSF1B with antineutrophil cytoplasmic antibody level
(rs5745994, minor allele frequency = 0.028, beta = 18.12, 95% CI, 11.82-24.22, P=1.89 x 1079).
This association was replicated in an independent cohort of 419 IBD cases (beta = 16.91, 95% ClI,
6.13-27.69, P= 2.38 x 102 ). With a Q-value of 0.036, we performed a fixed-effect meta-analysis
for the association of rs5745994 in both cohorts and observed a stronger association signal (beta=
17.81, 95% Cl, 12.36-23.25, P = 8.97 x 102 ). TNFRSF1B gene codes for tumor necrosis factor
(TNF) receptor 2 (TNFR2), thereby we examined the reported 7NMFRSF1B variant with serum
TNFR2 level. We observed a negative association with serum TNFR2 level being 8.23 EU/mL in
carriers and 9.12 EU/mL in noncarriers (= 0.033). This finding indicates the functional role of
identified 7AMFRSF1B variant in IBD serology and may be reflective of the underlying biological
mechanisms that determine clinical expression and/or response to certain therapies.
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The inflammatory bowel diseases (IBDs) are a significant cause of morbidity in the United
States with more than 1 million Americans affected by either ulcerative colitis (UC) or
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Crohn’s disease (CD),1-3 2 of the most common forms of IBD. It is hypothesized that IBD
occurs due to an inappropriate immune response to normal enteric flora in genetically
susceptible individuals* and serological responses to microbial or autoantigens are seen at
higher prevalence in IBD.> A number of serological markers have been used in clinical
practice, including atypical perinuclear antineutrophil cytoplasmic antibody (ANCA).8.7
Studies have investigated their potential value in the diagnosis of IBD8 and distinguishing
CD from UC.® Furthermore, a number of studies have demonstrated that ANCA is
associated with complications related to I1BD, including erythema nodosum© and the
development of chronic pouchitis.1! Importantly, a number of studies have demonstrated that
ANCA is associated with nonresponse to anti—tumor necrosis factor (TNF) treatment
although the mechanism of this association is unclear.12-14

Previous studies have suggested an association with ANCA in IBD and genetic variants
within the HLA region,1>17 and the presence of ANCA is familial.1>17 Given the fact that
ANCA is an important “intermediate” phenotype in IBD, understanding the genetic basis of
ANCA can provide insight to the pathogenesis of a subset of IBD. Furthermore, with the
potential clinical associations with ANCA as described above, genetic associations with
ANCA may provide important insights to additional mechanisms, especially with respect to
nonresponse to anti-TNF agents. Previous ANCA studies have been limited both by density
of genotyping and by sample size.14-16 In this study, we performed a 2-stage genome-wide
association study (GWAS) on ANCA in IBD cases. Genetic variation in 7AVFRSFI1B region
was associated with ANCA level in both discovery and replication cohorts.

METHODS

Subjects

Cedars-Sinai Cohort—Details of subject recruitment have been described previously.
18-21 Briefly, 3110 patients with IBD were recruited at the Cedars-Sinai Inflammatory
Bowel Disease Centers from 1985 to 2010. The diagnosis of each patient was based on
standard endoscopic, histologic, and radiographic feature as previously described.?2 Blood
samples were collected at the time of enrollment. All study participants gave written
informed content and the study protocol and data collection, as well as DNA preparation/
genotyping and antibody measurement, was approved by the Cedars-Sinai Medical Center’s
Institutional Review Board.

Mount Sinai Hospital Cohort—A total of 1853 IBD cases were recruited and similarly
characterized at Mount Sinai Hospital in Toronto, Canada. All subjects provided written
consent after institutional review board’s approval.23 The diagnosis of each patient was
based on standard endoscopic, histologic, and radiographic feature.

ANCA Level Measurement—ANCA levels on serum from subjects from both centers
were measured by enzyme-linked immunosorbent assay as previously described.2? All sera
were analyzed in a blinded fashion at Cedars-Sinai Medical Center. Antibody levels were
determined and results expressed as enzyme-linked immunosorbent assay units (EU/mL) as
compared with a positive control.22 Qualitative positivity to ANCA was defined as being
greater than cutoff values greater than 2 SDs above mean control titers.
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Whole-Genome Genotyping

Cedars-Sinai Cohort—Genotyping was performed at Cedars-Sinai Medical Center using
[llumina whole-genome arrays per manufacturer’s protocol (Illumina, San Diego, CA). The
discovery cohort was genotyped on 3 platforms, including lllumina HumanCNV370-Quad
(830 subjects), Human610-Quad (1037 subjects), and HumanOmniExpress (1243 subjects)
arrays (total 3110 independent subjects). Average genotyping call rates for samples that
passed quality control (QC) were 99.86% (HumanCNV370-Quad), 99.83% (Human610-
Quad), and 99.85% (HumanOmniExpress). One to two percent of samples were genotyped
in replicate and yielded average 99.99% concordance for genotypes called. Optimal allele-
calling was verified by manual review of top associated single-nucleotide polymorphisms
(SNPs).

A stringent QC procedure was applied to the GWAS data. Of the 3110 subjects genotyped,
10 were removed because of high missing rate (>2%), 27 were removed because of cryptic
relatedness (Pi_Hat > 0.05), 3 were removed because sample either withdrew from the study
or was later reclassified as non-IBD, leaving 3070 individuals for further analysis. Seventy-
six individuals identified as nonwhites by principal component analysis were also removed.
A total of 2959 of the 2994 genotyped subjects had ANCA status and were thereby included
in the analyses.

Mount Sinai Hospital Cohort—A total of 1853 patients with IBD from the Mount Sinai
Hospital Cohort in Toronto were genotyped on lllumina HumanOmniExpress array. Average
genotyping call rates for samples that passed QC were 99.88%. Thirty-two samples
genotyped in replicate and yielded average 99.99% concordance for genotypes called. After
similar QC procedures as the discovery cohort, 1834 subjects remain in the cleaned data set,
of which 419 had ANCA status available measured in the same laboratory as the discovery
cohort. The 419 individuals with consistent ANCA measurements were included in this
study as replication cohort.

Imputation—To consolidate data from different genotyping platforms, imputation was
performed using a hidden Markov model-based algorithm available in the IMPUTE224
software package with Phase 2 HapMap genotypes as the Ref. 25. In the imputed data set,
we retained only imputed SNPs with minor allele frequency (MAF) > 0.01 and quality score
>0.80 in all 3 lllumina platforms, leaving approximately 2.01M SNPs for analyses.

Validation of Top-Hit SNP rs5745994—The most significant novel association
observed in the genome-wide association analysis was with an imputed SNP (rs5745994).
To validate the imputation, this SNP was included as custom content on the Illumina
HumanExome+ array. BeadChip and genotyped as part of a larger project at Cedars-Sinai
Medical Center following manufacturer’s protocol (Illumina, San Diego, CA). Genotype
clusters for rs5745994 were visualized to ensure accurate allele-calling. The average
genotyping rate of samples in the project that passed genotyping QC was 99.98%. Two
hundred seventy-three samples performed in replicate as controls yielded 99.9963%
concordance for genotypes called.
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Measure of TNFRI and TNFR2 Levels—TNFR1 and TNFR2 concentrations were
assessed in serum by commercially available enzyme-linked immunosorbent assay kits
according to the manufacturer specified protocol (Biosource Invitrogen, KAC1761,
KAC1771). The assay laboratory at Cedars-Sinai was blinded to subject status.
Concentrations are reported in nanogram per milliliter.

Statistical Analysis

RESULTS

ANCA level in IBD cases is not normally distributed and the traditional method for
analyzing skewed data, the nonparametric Mann—Whitney U test, is known to have lower
efficiency and cannot incorporate covariates in analyses.26 Therefore, we used linear
regression with the nontransformed ANCA level as outcome and for top SNPs, a
permutation test was used to retain the type | error rate. The top 3 principal components and
genotyping platform (in the discovery cohort) were included in the analysis as covariates to
control for potential confounding. SNPTEST 2.2027 and R3.0228 were used in the statistical
analysis. Similarly, permutation test was also performed in the analysis comparing
circulating levels of TNFR | and TNFR Il in carriers and noncarriers of the TNFRSF1B
patients.

Demographic Characteristics

Table 1 shows the demographic characteristics of the 2959 individuals included in the final
analyses of the discovery cohort of 1653 (55.86%) CD, 1193 (40.31%) UC, and 113 (3.82%)
IBD-unclassified. The average age of disease onset was 25.65 + 14.56 years old and 1513
(51.13%) are men. Median ANCA levels were 13.21 in CD, 36.00 in UC, and 18.93 in all
IBD. A total of 433 CD (26.19%), 788 UC (66.05%), and 1278 all IBD (43.19%) were
ANCA positive.

Association with ANCA Level

Overall genomic inflation factor for the genome-wide association in the discovery cohort
was 1.023 (see Fig. 1, Supplemental Digital Content 1, http://links.lww.com/IBD/B253).
Figure 1 shows the Manhattan plot for association with ANCA level in the GWAS. Before
performing permutation testing, we observed 2 signals that reached standard and stringent
criteria for genome-wide significance threshold of 5.0 x 1078, The most significant SNP
(rs11757159, MAF = 0.326) is located in HLA-DRB6, with the minor allele C (frequency
0.33) associated with lower ANCA level (beta =—7.09, 95% ClI, —9.27 to —4.91), with a
permutation test 2 value of 2.55 x 10719, The second signal achieving genome-wide
significance was located on 1p36.22 (rs5745994, MAF = 0.028) which is located in the
intron of 7TAVFRSF1B. Individuals carrying the minor allele (C allele) have higher ANCA
level (beta = 18.12, 95% CI, 11.82-24.22), with a P-value of 1.89 x 1078 after permutation
testing (Table 2). Additional haplotype-based analyses and conditional analyses for this

Supplemental digital content is available for this article. Direct URL citations appear in the printed text and are provided in the HTML
and PDF versions of this article on the journal’s Web site (www.ibdjournal.org).
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region suggest that there is only 1 signal at this locus, tagged by rs5745994 (data not
shown).

We further examined the association of the novel signal in 7NFRSF1B separately in CD and
UC. The signal is observed in both CD and UC, with a stronger effect observed in UC (CD:
beta = 11.14, 95% Cl, 4.67-17.62, P=1.24 x 1073; UC: beta = 23.83, 95% ClI, 12.88-34.78,
P=8.42 x 1079).

Validation of the TNFRSF1B SNP in ExomeChip

As the TNFRSF1B SNP (rs5745994) was an imputed SNP, we validated the imputation by
incorporating this SNP as an SNP in the customized content in our ExomeChip genotyping
efforts. Concordance rate between imputed and genotyped data for 2841 individuals with
both GWAS and ExomeChip data was 99.64%. As expected, association analysis using only
genotyped SNPs yielded similar results (beta = 16.78, 95% Cl, 10.16-23.40, P=7.15 x
1077).

Replication of the Top Signals

Association

Using an additional cohort of 419 patients with IBD from Mount Sinai Hospital in Toronto
in which ANCA levels were analyzed at Cedars-Sinai, we further examined the association
of the 7TNMFRSF1Bwith ANCA level (Table 2). We were able to confirm our original
observation of an association between the C allele of rs5745994 and ANCA level, with
similar effect magnitude (beta = 16.91, 95% ClI, 6.13-27.69, P= 2.38 x 1073). With a Q-
value of 0.036, we performed a fixed-effect meta-analysis for the association of rs5745994
in both cohorts and observed a stronger association signal (beta = 17.81, 95% CI, 12.36—
23.25, P=18.97 x 10719), The HLA signal observed in the discovery cohort failed to
replicate (beta =-2.30, P=0.262).

of the TNFRSF1B SNP with TNFR2 Level

Next, we tested for association between 7NFRSFIB (rs5745994) and serum TNFR1 (as
control) and TNFR2 levels in a subset of 239 patients with IBD, of which 58 carried the C
allele of rs5745994 with the remainder being homozygous for the T allele. Figure 2 shows
the association of rs5745994 with TNFR1 and TNFR2. 7TA/FRSF1B was not associated with
TNFR1 (median 2.99 EU/mL in C allele carriers compared with 3.06 EU/mL in noncarriers,
P=0.71). In contrast, the median TNFR2 was 8.23 EU/mL in carriers and 9.12 EU/mL in
noncarriers (P = 0.033), indicating lower serum TNFR2 level in carriers of the C allele.

DISCUSSION

A number of studies have highlighted the potential association of ANCA with clinically
relevant subsets of IBD and documenting higher ANCA levels in patients with IBD
compared with non-IBD controls.6-811.13 Fyrthermore, ANCA is 1 of the few replicated
parameters associated with likelihood of response of patients with IBD to anti-TNF
treatment.1214 Understanding the genetic basis of ANCA expression may help elucidate the
underlying mechanisms of these associations. However, to date, genetic associations with
ANCA expression in IBD have not been systematically evaluated using unbiased approaches
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in large-scale studies. In this study, we performed the first GWAS analysis of ANCA in
patients with IBD. We identified and replicated a novel association of ANCA with
TINFRSF1B which encodes the protein TNFR2. In addition, we demonstrated that the same
variant is associated with lower serum levels of TNFR2.

TNFR2 is a membrane-bound receptor of TNF-a, a critical signaling protein in the immune
system.29:30 |n comparison with another TNF-a receptor TNFR1, which is expressed in
almost all the cell types in human body,3! the expression of TNFR2 is largely restricted to
immune-related cells,31:32 such as lymphocytes (CD4 and CD8 cells), endothelia cells, and
thymocytes. TNF-a binding to TNFR2 triggers the recruitment of the adapter proteins TNF
receptor-associated factorl (TRAF1) and TNF receptor-associated factor2 (TRAF2),33:34
precipitating activation of the downstream cascade of nuclear factor-kappaB33:3% and c-Jun
N-terminal kinase (JNK).3%:36 This cascade results in proliferation of multiple immune-
related cells, including cytotoxic T cells,3! thymocytes,3” mononuclear cells3® as well as
Treg cells,3? indicating the complex and crucial role of TNFR2 in human immune response.
TNFR2 is also reported to mediate slan dendritic cells (slanDCs) enhancement of NK-cell
function??; promote suppressive activities of myeloid-derived suppressor cells*142; and play
a crucial auxiliary role to TNFR1 in sensitizing macrophages for the activation of the p38
mitogen-activated protein kinases (MAPK) and classical nuclear factor-kappaB
proinflammatory signaling pathways.*3

In this study, we identified a novel association between ANCA levels, TNFRSF1B genotype
and decreased circulating TNFR2 levels, which may be reflective of the underlying
biological mechanisms that determine clinical expression and/or response to certain
therapies. Multiple reports have been published demonstrating that the presence of ANCA
and/or levels of ANCA in the serum are associated with lack of response to anti-TNF
therapy in patients with UC and CD.12.1444:46 |n CD, serum ANCA is related to an
“ulcerative colitis-like” phenotype, characterized by left-sided colonic disease.*’ In UC,
high levels of ANCA are associated with more aggressive disease?84? and onset of chronic
pouchitis after ileal pull through anal anastomosis.11:49

Previous studies evaluating 7NVFRSF1B genotypes have shown a relationship with both CD
and UC, but not with ANCA expression or response to anti-TNF therapeutics.?° The
published studies on TAVFRSF1B variants have shown an association only with higher levels
of soluble TNFR2 in serum of familial rheumatoid arthritis and systemic lupus
erythematosus.>1-53 These associations were among the findings that signified the potential
therapeutic benefit of etanercept (soluble P75, TNFR2) to treat rheumatoid arthritis and
psoriasis by binding soluble TNF. Etanercept is ineffective in CD and also does not induce
apoptosis in vivo or in vitro mucosal experiments suggesting that apoptosis induction is
important for biological and clinical responses to antiTNF therapeutics in CD and UC.

Evidence that ANCA is generated by mucosal B cells suggests that serum ANCA is a result
of reactivity to local antigens.>* We have shown that the antigen for IBD-associated ANCA
is nuclear and reactivity can be eliminated by pretreating neutrophils with DNase (ANCA),
55 which suggests that ANCA could be a marker for increased nuclear destruction within the
mucosa involving release of nuclear antigens potentially related to ongoing apoptotic
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activity.56 The possibility that ANCA is related to apoptosis is especially interesting because
1 of the main mechanisms by which anti-TNF inhibits mucosal inflammation is induction of
T-cell apoptosis.®®:57 A study parsed out the details of this mechanism.>8 The data
demonstrated that the ultimate level of apoptosis is dependent on a balance of pro versus
antiapoptotic signal generating molecules that induce or protect against apoptosis.
Membrane TNF, present on macrophages, preferentially binds to TNFR2 as opposed to
TNFR1 on activated CD4 T cells.56 Downstream signaling of TNFR2 activates NFKB,
which induces intracellular molecules and soluble cytokines that protect the cell from
proapoptotic signals and raise the threshold for apoptosis in CD4 T cells. The result is
increasing numbers of activated mucosal T cells in patients with IBD.%® Therapeutic
antibodies to TNF bind transmembrane TNF, potentially preventing TNFR2 signaling that
lowers the apoptotic threshold and makes these cells more susceptible to ongoing apoptosis,
resulting in decreased numbers of mucosal effector T cells.>® Thus, high ANCA levels and
lower levels of TNFR2 (reflected by lower circulating TNFR2 levels) suggest ongoing
mucosal apoptosis. Therefore, treating this population with anti-TNF will not further
enhance apoptosis and a therapeutic that targets different mechanisms would be indicated.

Our study has some limitations. First, the discovery cohort consists of 3 different genotyping
platforms (Illumina 370K, 610K and Omni Express). Although imputation was performed in
the 3 cohorts and stringent QC procedures were applied, we needed to include the
genotyping platform as a covariate to control for potential confounding. Thus, the top SNPs
were verified through direct genotyping on the ExomeChip which guarantees the genotyping
and imputation quality of our major finding. Moreover as mentioned above, the sample size
of the replication cohort is small, which might be the reason why the HLA SNP observed in
the discovery cohort failed to replicate.

In summary, we observed an association between a variant in 7VFRSF1B gene and ANCA
levels in patients with IBD. This association is replicated in an independent cohort.
TNFRSF1B codes for TNFR2 which plays an important role in immune response. In
functional analysis, we observed an association between the 7NVFRSF1B variant and
decreased circulating TNFR2 level, which indicates the functional role of the identified
variant and moreover, might reflect the underlying biological mechanisms that might have
important implication in clinical practice.
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FIGURE 1.

Genome-wide association with ANCA level in discovery cohort.
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Association of the rs5745994 with serum TNFR | and TNFR |1 levels. A, Association of

rs5745994 with TNFR | levels. B, Association of rs5745994 with TNFR II levels.
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TABLE 1.
Demographic Characters of the Discovery Cohort

CD uc All 1BD
N 1653 1193 29597
Sex (M/F) 842/811 608/585 1513/1446
Age of diagnosis 23.64+13.73 28.19+15.05 25.65+ 14.56
ANCA level (median) 13.21 36.00 18.93
ANCA +/- 433/1220 788/405 1278/1681

aOne hundred thirteen IBD undetermined patients were also included.
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