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disease subphenotypes highlights mucosal immunity contributing to risk
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C hronic rhinosinusitis (CRS) is a prevalent inflamma-
tory disease that results in over $10 billion in health-

care costs annually in the United States. CRS (and its
most severe form, nasal polyposis [NP]) overlaps clinically
with asthma and aspirin-exacerbated respiratory disease
(AERD).Despite having an enormous public health impact,
the underlying molecular mechanisms of CRS remain un-
known.
That CRS has a genetic component is suggested by fa-

milial aggregation and co-occurrence with both monogenic
(eg, cystic fibrosis, primary ciliary dyskinesia) and com-
plex (eg, asthma, allergic rhinitis) genetic disorders. Re-
cently, Kristjansson et al reported their large meta-analysis
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of genome-wide association studies (GWAS) of CRS (n =
5608 cases) and NP (n = 4366 cases) from the United King-
dom and Iceland.1 Cases and non-CRS/non-NP controls
(n > 700,000) were defined by International Classification
of Disease—tenth revision (ICD-10) codes. Ten genome-
wide significant loci for NP and 2 for CRS were identified.
The finding of only 2 genome-wide significant loci despite
∼10,000 cases suggests that substantial clinical heterogene-
ity may have masked the effects of other risk loci, and that
phenotyping using diagnosis codes likely captures a range
of conditions with overlapping symptoms.Thus, alternative
approaches are needed.
Using an epidemiologic framework, we targeted patients

receiving primary care at Geisinger, a health-care provider
to ∼1.6 million people in Pennsylvania and New Jer-
sey. Survey information from the Chronic Rhinosinusitis
Integrative Studies Program (CRISP)2 and associated elec-
tronic health records (EHR) identified 483 European Amer-
ican (EA) adults who reported at least 2 of 6 cardinal symp-
toms of CRS most or all of the time for at least 3 months,
where at least 1 of the symptoms was obstruction, ante-
rior nasal discharge, or posterior discharge (epidemiologic
definition of CRS)3 and who met at least 1 of the follow-
ing criteria: (i) reported surgery for CRS or NP in any 1 of
4 CRISP surveys (3 individuals); (ii) evidence of previous
sinus surgery on sinus computed tomography (CT) scan
(127 individuals); or (iii) a Lund-Mackay score of ≥3 on
sinus CT scan (91 individuals) (see Supplemental Informa-
tion online). For controls, we selected 2057 EAs without
CRS from the MyCode Community Health Initiative,4 a
Geisinger system-wide biobank, based on absence of NP,
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FIGURE 1. CRS GWAS results. (A) Manhattan plot showing chromosome positions along the x axis and –log(p value) on the y axis. The horizontal blue line
indicates suggestive significance (p < 1 × 10−5). The closest gene to the sentinel SNP at each locus reaching suggestive significance is shown. (B) Description
of the 6 sentinel SNPs in regions reaching suggestive significance. CRS = chronic rhinosinusitus; GWAS = genome-wide association studies; SNP = single-
nucleotide polymorphism.

CRS, asthma, or allergic rhinitis diagnoses and no report of
a sinus CT scan, nasal endoscopy, or sinonasal surgery in
the EHR (see Table S1 in Supplemental Information).Geno-
types were obtained on all subjects (Illumina bead-chip ar-
rays) and imputed to yield >4.5 million single-nucleotide
polymorphisms (SNPs), and then used to perform this first
GWAS of CRS in the United States (see Supplemental In-
formation). This study was approved by the institutional
review boards of the University of Chicago and Geisinger;
all patients provided informed consent.
To maximize both sample size and the detailed pheno-

typing available in some subjects, we performed a 2-stage
analysis. In the first stage, we included all cases in a CRS
GWAS. This revealed 82 suggestive significant SNPs (p < 1
× 10−5) at 6 loci (Fig. 1A). The sentinel SNP at each locus
is described in Figure 1B. An SNP in linkage disequilibrium
(LD; r2 > 0.9; GRB, 1000 Genomes Project) with 1 of the
2 SNPs associated with CRS and NP from the Kristjans-
son et al1 study was not associated with CRS in our GWAS
(p > 0.90); the second SNP associated with CRS and NP
in that study was not imputed or in LD with SNPs in our
study.

Because defining CRS by medical records may be impre-
cise, we defined CRS subphenotypes in 646 CRISP subjects
with sinus CT scans, including 172 cases in the GWAS,
applying latent class analysis (LCA) to create subgroups
based on patterns of sinus opacification,5 to identify clin-
ical and immunopathogenic subgroups of CRS.6 We iden-
tified 3 latent classes, which we referred to as “no/mild
opacification,” “localized opacification,” and “diffuse
opacification” (see Table S2). In the second stage, we
performed association studies between the 6 sentinel GWAS
SNPs (Fig. 1B) and the latent classes (Fig. 2), consider-
ing the no/mild opacification group as the reference. One
SNP at the 12q24.23 locus (rs11068795) was associated
with the localized opacification class phenotype (pcorrected
= 0.002) but not with the diffuse opacification class phe-
notype (pcorrected = 1.0), after Bonferroni correction for
6 tests. Another SNP at the 9q31.1 locus (rs10820254)
was associated with the diffuse (pcorrected = 0.048) but not
the localized opacification (pcorrected = 1.0) class pheno-
type. Thus, defining phenotypes based on imaging of in-
flammatory characteristics in the sinuses highlighted and
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FIGURE 2. Associations of sentinel SNPs with LCA-defined subtypes. (A) Associations between 2 LCA-defined subtypes based on computed tomography
scans. Each subtype is compared with the “no/mild opacification” group (n = 191). The p values are corrected for 6 tests. Rows show the sentinel SNPs at each
suggestive significant GWAS locus, and its association with each of the subtypes. Results of multinomial logistic regression models, including surgical status, sex,
and physician-diagnosed patient-reported allergic rhinitis as covariates, are shown for an additive model. Significant SNPs and results are shown in bold. The
LocusZoom plots for the 2 significant SNPs in (A) are shown in (B) (rs11068795) and (C) (rs10820254). The SNPs are shown in a ±1-Mb window with chromosome
and gene positions shown on the x axis and the −log10 of the p value and the recombination rate (CMMb) are shown on the left and right y axis, respectively.
SNPs are colored according to the estimated linkage disequilibrium (r2) relative to each lead SNP (purple diamond) and calculated using the 1000 Genomes
European panel. CI = confidence interval; LCA = latent class analysis; RRR = relative risk ratio.
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validated 2 loci that were associated with CRS in the first-
stage GWAS, despite the significantly reduced sample size.
The SNP associated with the localized opacification class

phenotype, rs11068795, is associated with the expression
of the WSB2 gene in skin (p = 2.3 × 10−7) and skeletal
muscle (p= 7.1× 10−17).7 WSB2 functions in the proteaso-
mal degradation of target proteins as a negative regulator
of the interleukin-21 receptor (IL-21R), a molecule as-
sociated with microbe-related epithelial conditions (eg,
inflammatory bowel disease and Helicobacter pylori infec-
tion), which are themselves associated with CRS. IL-21R
expression is also upregulated in atopic dermatitis
patients,8 who manifest Staphyloccocus aureus colo-
nization barrier dysfunction. This is consistent with
previous work showing upregulation of IL-21 in CRS
with NP.9

The SNP associated with the diffuse opacification class
phenotype, rs10820254, is an intergenic SNP located
between the CYLC2 gene and a gene encoding a long inter-
genic non–protein coding RNA, LINC00587. CYLC2 is a
sperm-specific cyclin 2 and LINC00587 is expressed most
highly in the testis.7 Thus, rs10820254 may contribute to

CRS pathobiology through long-range interactions with
the promoters of distal genes, which remain unidentified
to date.
Our study was limited by sample size, which was small by

GWAS standards. As a result, we likely missed associations
with minor effects. To address this, we performed a 2-stage
analysis to identify new susceptibility loci. Moreover, the
initial self-reported CRS diagnoses may be prone to error.
Any resulting misclassification could have further limited
power.However, self-reported, physician-diagnosed disease
is used commonly in GWAS of other conditions, including
asthma.10 Last, we could not look separately at episodic vs
stable CRS due to sample size constraints, although there
is no evidence to suggest that these CRS phenotypes have
different genetic etiologies.
In conclusion, using a 2-stage population approach,

we identified variation at 2 loci potentially involved in
CRS, including a connection to mucosal immunity, sup-
porting a role for the upper airway surface as a key site
in disease development. Last, inclusion of subjects with
careful phenotyping in genetic studies of CRS may generate
insights into underlying mechanisms and identify potential
therapeutic targets.
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