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Overlap of Genetic Loci for Central Serous Chorioretinopathy
With Age-Related Macular Degeneration
Joel T. Rämö, MD, PhD; Erik Abner, PhD; Elon H. C. van Dijk, MD, PhD; Xin Wang, MD; Joost Brinks, MD;
Tiit Nikopensius, PhD; Margit Nõukas, MSc; Heidi Marjonen, PhD; Kaisa Silander, PhD; Sakari Jukarainen, MD, PhD;
Tuomo Kiiskinen, MD; Seung Hoan Choi, PhD; Risto Kajanne, PhD; Juha Mehtonen, MSc; Priit Palta, PhD;
Steven A. Lubitz, MD, PhD; Kai Kaarniranta, MD, PhD; Lucia Sobrin, MD, MPH; Mitja Kurki, PhD;
Suzanne Yzer, MD, PhD; Patrick T. Ellinor, MD, PhD; Tõnu Esko, PhD; Mark J. Daly, PhD;
Anneke I. den Hollander, PhD; Aarno Palotie, MD, PhD; Joni A. Turunen, MD, PhD;
Camiel J. F. Boon, MD, PhD, FEBO; Elizabeth J. Rossin, MD, PhD; for the FinnGen Study;
for the Estonian Biobank Research Team

IMPORTANCE Central serous chorioretinopathy (CSC) is a serous maculopathy of unknown
etiology. Two of 3 previously reported CSC genetic risk loci are also associated with AMD.
Improved understanding of CSC genetics may broaden our understanding of this genetic
overlap and unveil mechanisms in both diseases.

OBJECTIVE To identify novel genetic risk factors for CSC and compare genetic risk factors for
CSC and AMD.

DESIGN, SETTING, AND PARTICIPANTS Using International Classification of Diseases, Ninth
(ICD-9) and Tenth (ICD-10) Revision code-based inclusion and exclusion criteria, patients with
CSC and controls were identified in both the FinnGen study and the Estonian Biobank
(EstBB). Also included in a meta-analysis were previously reported patients with chronic CSC
and controls. Data were analyzed from March 1 to September 31, 2022.

MAIN OUTCOMES AND MEASURES Genome-wide association studies (GWASs) were performed
in the biobank-based cohorts followed by a meta-analysis of all cohorts. The expression of
genes prioritized by the polygenic priority score and nearest-gene methods were assessed in
cultured choroidal endothelial cells and public ocular single-cell RNA sequencing data sets.
The predictive utility of polygenic scores (PGSs) for CSC and AMD were evaluated in the
FinnGen study.

RESULTS A total of 1176 patients with CSC and 526 787 controls (312 162 female [59.3%]) were
included in this analysis: 552 patients with CSC and 343 461 controls were identified in the
FinnGen study, 103 patients with CSC and 178 573 controls were identified in the EstBB, and
521 patients with chronic CSC and 3577 controls were included in a meta-analysis. Two
previously reported CSC risk loci were replicated (near CFH and GATA5) and 3 novel loci were
identified (near CD34/46, NOTCH4, and PREX1). The CFH and NOTCH4 loci were associated
with AMD but in the opposite direction. Prioritized genes showed increased expression in
cultured choroidal endothelial cells compared with other genes in the loci (median [IQR] of
log 2 [counts per million], 7.3 [0.6] vs 4.7 [3.7]; P = .004) and were differentially expressed in
choroidal vascular endothelial cells in single-cell RNA sequencing data (mean [SD] fold
change, 2.05 [0.38] compared with other cell types; P < 7.1 × 10−20). A PGS for AMD was
predictive of reduced CSC risk (odds ratio, 0.76; 95% CI, 0.70-0.83 per +1 SD in AMD-PGS;
P = 7.4 × 10−10). This association may have been mediated by loci containing complement
genes.

CONCLUSIONS AND RELEVANCE In this 3-cohort genetic association study, 5 genetic risk loci
for CSC were identified, highlighting a likely role for genes involved in choroidal vascular
function and complement regulation. Results suggest that polygenic AMD risk was associated
with reduced risk of CSC and that this genetic overlap was largely due to loci containing
complement genes.
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C entral serous chorioretinopathy (CSC) is a maculopa-
thy seen commonly by retina specialists, yet it is poorly
understood. A better understanding of CSC pathophysi-

ology is an exciting avenue to shed light on underrecognized
pathways in retinal and choroidal disease.

The hallmark of CSC is the accumulation of subretinal fluid
(SRF), often involving the fovea, with associated retinal pig-
ment epithelium (RPE) detachments (PEDs) in 1 or both eyes.1

The disease manifests with decreased visual acuity and meta-
morphopsia between the ages of 30 and 50 years,2 and CSC is
more common in men (male:female ratio, 3-5:1),2,3 though the
etiology behind this sex disparity is not understood.4,5 Re-
ported risk factors include type A personality, obstructive sleep
apnea, exogenous or endogenous corticosteroids, pregnancy,
sildenafil, MAPK/ERK (also known as Ras-Raf-MEK-ERK) path-
way inhibitors, and caffeine use.5-9 On optical coherence to-
mography scanning, patients with CSC often have a thick
choroid10-12 and SRF associated with a PED, and eyes with pre-
viously active CSR show RPE elevations with overlying outer
nuclear layer thinning. Fluorescein angiography (FA) may re-
veal characteristic leakage when the disease is active,13,14 indo-
cyanine green angiography shows hyperfluorescent changes
with an indistinct border,15,16 and fundus autofluorescence may
reveal a hyperautofluorescent gravitational guttering pattern11

indicative of prior or active SRF. Although the SRF in acute CSC
is usually self-limiting,17 SRF can become recurrent or persis-
tent in 20% to 30% of patients, and a subset develop choroidal
neovascularization (CNV).18-21

Genetics is an avenue to understanding underlying patho-
physiologic mechanisms, and CSC has been noted to cluster
in families.22-24 The lack of clearly segregating variants in se-
quencing analyses suggests that CSC is a genetically complex
disorder.25 A 2018 genome-wide association study (GWAS) in
521 European patients with chronic CSC (cCSC) identified a sus-
ceptibility locus near CFH,26 whereas a later study including
1025 Japanese patients with CSC identified susceptibility loci
near GATA5 and TNFRSF10A.27

Interestingly, 2 of 3 reported CSC GWAS loci (CFH and
TNFRSF10A) were also found to be associated with AMD in re-
cent European or Japanese GWASs.22-24 Further characteriza-
tion of the overlap of associated genetic variation between CSC
and AMD is warranted but has been limited by the small num-
ber of identified genetic CSC loci.

Here we performed a meta-analysis of 2 national biobank–
based GWASs (FinnGen and Estonian Biobank, [EstBB]) to-
gether with the previously reported European cohort of pa-
tients with cCSC. We replicate 2 known genetic loci and report
3 novel loci for CSC.

Methods
Study Design
FinnGen Data Freeze 9 has data for 377 777 individuals and is a
collection of prospective Finnish epidemiological and disease-
based cohorts and hospital biobank samples linked to electronic
health records.28 EstBB is a population-based biobank with over
200 000 biological samples linked to electronic health record

data (eMethods in Supplement 1).25 Based on genetic informa-
tion, only individuals of Finnish ancestry were included in the
FinnGen analysis, and only individuals of European ancestry
were included in the EstBB analysis. This 3-cohort genetic asso-
ciation study followed the Strengthening the Reporting of
Genetic Association Studies (STREGA) reporting guidelines.

In both biobanks, patients with CSC were identified based
on the International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision (ICD-10) code H35.7;
other study participants were used as controls. We excluded po-
tential patients and controls with AMD, hereditary retinal dys-
trophies, ophthalmic complications of diabetes, chorioretinal
inflammation and other choroidal disorders, retinal detach-
ments, and degenerative myopia (eTable 1 in Supplement 2).

Details for the European cCSC cohort have been reported
previously.26 European patients were recruited from the outpa-
tientclinicsoftheRadboudUniversityMedicalCenter(Nijmegen,
the Netherlands), University Hospital of Cologne (Cologne, Ger-
many), and Leiden University Medical Center (Leiden, the Neth-
erlands).ControlsfromtheNijmegenBiomedicalStudywerealso
included. The patients with cCSC had SRF in at least 1 eye, RPE
irregularities with characteristic leakage on FA, and correspond-
ing hyperfluorescence on indocyanine green angiography.

For analyses involving AMD, we identified patients and con-
trols with prevalent AMD (either wet or dry) in the FinnGen study
based on the ICD-10 codes H35.30 and H35.31 and Ninth Revision
(ICD-9) codes 3625A and 3625B. All patients with AMD were re-
quired to have at least 1 corresponding diagnosis code at age 50
or older.

Ethics Statement
Patients and control participants in the FinnGen study pro-
vided verbal or written informed consent for biobank re-
search based on the Finnish Biobank Act or separate research
cohort protocols. The Coordinating Ethics Committee of the
Hospital District of Helsinki and Uusimaa statement number
for the FinnGen study is Nr HUS/990/2017.

The activities of the EstBB are regulated by the Human Genes
Research Act, and patients provided written or verbal consent.
Individual level data in EstBB was analyzed under ethical ap-
proval 1.1-12/624 from the Estonian Committee on Bioethics and
Human Research (Estonian Ministry of Social Affairs), using data
according to release application 3-10/GI/21273 from the EstBB.
No stipends were given to FinnGen or EstBB study participants.

Key Points
Question What are the genetic risk factors for central serous
chorioretinopathy (CSC) and to what extent do they overlap with
age-related macular degeneration (AMD)?

Finding In this 3-cohort genetic association study, 5 genetic loci
were associated with CSC and highlighted genes regulating the
complement system and choroidal vascular function or
development. Genetic overlap between CSC and AMD was largely
due to complement-containing loci.

Meaning These findings support a role for choroidal vascular
dysfunction in CSC pathogenesis and delineate the genetic overlap
between CSC and AMD.
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Genotyping and Imputation
The FinnGen study samples were genotyped using Illumina ar-
rays (Illumina Inc) and Affymetrix arrays (Thermo Fisher Scien-
tific) as detailed previously (eMethods in Supplement 1).26 Geno-
type imputation was performed using a population-specific SISu,
version 4 imputation reference panel comprising 8557 whole ge-
nomes. Based on principal component (PC) analysis, study par-
ticipants who were not of Finnish ancestry and who were twins
or duplicates of included samples were removed similarly to the
method described by Kurki et al.26

AllEstBBparticipantshavebeengenotypedattheCoreGeno-
typingLaboftheInstituteofGenomics,UniversityofTartu,Tartu,
Estonia, using Illumina Global Screening Array, version 3.0_EST
(Illumina Inc). Genotype quality control is detailed in the
eMethods in Supplement 1. A population-specific reference panel
consisting of 2297 whole genome–sequencing samples was used
forimputation.29 BasedonPCanalysis,participantswhowerenot
of European ancestry and who were twins or duplicates were
removed. Sample ascertainment, genotyping, imputation and
GWAS for the European cCSC data set has been described
previously.26 Details regarding gene prioritization, single-cell ex-
pression analysis and polygenic score analysis methodologies are
detailed in the eMethods in Supplement 1.

GWASs and Meta-analysis
Genome-wide association analysis in the FinnGen study was per-
formed for all variants with an imputation information (INFO)
score greater than 0.7 using the additive model as implemented
in regenie, version 2.2.4 (Regeneron Genetics Center).30 In ad-
dition, imputed sex, age at death or end of follow-up, first 10 PCs,
genotyping array, and genotyping batch were used as fixed-effect
covariates.

Association analysis in EstBB was carried out for all variants
with an INFO score greater than 0.7 using the additive model as
implemented in Scalable and Accurate Implementation of Gen-
eralized mixed model (SAIGE, version 1.0.7 [Lee lab for Statisti-
cal Genetics and Data Science]),31 with a saddlepoint approxima-
tion to calibrate unbalanced case-control ratios. Logistic regres-
sion was carried out with the LOCO = TRUE setting and was
adjusted for current age, current age squared, sex, and 10 PCs as
covariates, analyzing only variants with a minimum minor allele
count of 2.

Statistical Analysis
For the meta-analysis, we used inverse-variance weighted fixed-
effect meta-analysis implemented in GWAMA, version 2.2.2
(EstonianGenomeCenter).32 Weincluded12 522 976variantsthat
werepresentinatleast2cohortsatacross-cohortallelefrequency
of0.1%orgreater.A2-sidedPvaluethresholdof5×10−8 wasused
to establish genome-wide significance accounting for multiple
comparisons. Data were analyzed from March 1 to September 31,
2022.

Results
GWAS of CSC in 2 Biobank-Based Studies
We first conducted cohort-specific GWASs in FinnGen and EstBB
separately. After filtering (Methods; eTable 1 in Supplement 2),

552 patients with CSC and 343 461 controls in FinnGen and 103
patients with CSC and 178 573 controls in EstBB were included
(total patients with CSC: 434 male [66.3%]; 221 female [33.7%];
total controls: 212 141 male [40.6%]; 309 893 female [59.4%])
(eTable 2 in Supplement 2).

We observed 1 genome-wide significant locus (Bonferroni-
adjusted, P < 5 × 10−8) in FinnGen in the previously reported
region near the CFH gene (lead variant rs1329428, AF = 0.40;
odds ratio [OR], 1.54 for CSC; P = 7.9 × 10−14) (eFigure 1 in
Supplement 1). The effect was concordant but not significant
in EstBB (OR = 1.23; AF = 0.41; P = .14). One locus reached ge-
nome-wide significance in EstBB (eFigure 2 in Supple-
ment 1), marked by the rare intronic variant rs941444936 (12:
891646 A>T) in WNK1 (OR, 4229.98; AF = 0.0064; P = 1.9 ×
10−8); however, this signal was not observed in FinnGen
(OR, 0.95; AF 0.0070; P = .89).

To evaluate genetic similarity of the biobank CSC case defi-
nition with a clinical case definition, we constructed a poly-
genic score (PGS) for cCSC based on summary statistics from
the previous European cCSC GWAS. The cCSC-PGS was pre-
dictive of the ICD code–based CSC case definition in FinnGen
(OR, 1.17 per +1 SD in cCSC-PGS; P < .001) (eTable 3 in Supple-
ment 2). Motivated by the lack of novel findings in individual
cohorts and the need for an expanded sample size, we pro-
ceeded with a meta-analysis.

Meta-analysis of Biobank-Based Studies and cCSC Cohort
We performed a meta-analysis of the results from the 2 bio-
bank-based studies and the published European study for a
total of 1176 cases and 526 787 controls. Five loci reached
genome-wide significance (Table; Figure 1). Unadjusted ge-
nomic control coefficient and linkage disequilibrium (LD) score
regression intercept were 1.028 and 1.024, respectively, sug-
gesting insignificant genomic inflation (eTable 4 in
Supplement 2 and eFigure 3 in Supplement 1); we adjusted test
statistics and P values for the LD score regression intercept,
which did not affect the number of significant loci. The sig-
nificant loci included 2 previously reported loci near CFH and
GATA5 and 3 novel loci near the NOTCH4, PREX1, and CD34/
CD46 genes (eFigure 4A and E in Supplement 1). Although we
did not replicate the third previously reported susceptibility
locus near TNFRSF10A, we observed a comparable effect size
(OR, 1.25; P = 3.2 × 10−7) (eFigure 4F in Supplement 1). Effect
estimates were concordant across the 3 cohorts (Figure 1C)
without significant heterogeneity (P > .05 for all tests using
Cochran Q statistic) (eTable 5 in Supplement 2). Effect esti-
mates were similar in repeat analyses in FinnGen with age cut-
offs of 50, 60, and 70 years, and additional sensitivity analy-
ses revealed no significant source of bias (eResults and eFigures
5-7 in Supplement 1 and eTable 6 in Supplement 2). There were
no significant differences in effect estimates between male and
female participants for the 5 lead variants in either biobank
(P > .05 for all tests of heterogeneity using Cochran Q statis-
tic) (eTable 5 in Supplement 2).

The NOTCH4 locus contains the C4B gene, and copy
number variation at this gene has been associated with
CSC.33 We did not find evidence for an association between a
structural variation in C4B and CSC given that only 2 of 103
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patients with CSC (1.94%) carried homozygous deletions
spanning the C4B gene compared with 3387 participants
(1.90%) in the whole EstBB. Additional results are presented
in the eResults in Supplement 1 and eTable 7 in Supple-
ment 2.

Gene Set Enrichment Analysis and Gene Prioritization
To highlight associated molecular pathways, we performed
gene-based tests using MAGMA (CTG Lab, Amsterdam Uni-
versity Medical Center) to assign each gene a score (eTable 8
in Supplement 2) followed by GO-based gene set enrichment
analysis while controlling for local LD structure. We identi-
fied significant enrichment of genes in the alternative

complement activation pathway (linear regression β coeffi-
cient [SE], 1.17 [0.25]; P = 1.6 × 10−6). No other pathway reached
significance (eTables 9-10 in Supplement 2 and eFigure 8 in
Supplement 1).

To prioritize genes in associated multigene loci, we used
the gene-level polygenic priority score (PoPS) method that in-
corporates information on gene expression, biological path-
ways, and protein-protein interactions.34 This analysis priori-
tized the genes CFH, CD34, NOTCH4, PREX1, and LAMA5 most
strongly in their respective loci, although discriminative per-
formance was worse in the latter 2 loci (eFigure 9 in Supple-
ment 1). In 4 of 5 loci, the PoPS-prioritized genes were nearest
to the lead variants (CFH, CD34, NOTCH4, and PREX1).

Figure 1. Significant Loci in the Genome-Wide Association Study (GWAS) Meta-analysis
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A, Manhattan plot for the central
serous chorioretinopathy (CSC)
genome-wide association study
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clinical chronic CSC (cCSC) cohort
were included in the meta-analysis.
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multiple comparisons. Each locus is
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Table. Lead Variants in the Genome-Wide Association Study Meta-analysisa

rsID
Nearest
gene(s) Chromosome Position Consequence NEA EA OR (95% CI)

EAF

P valueCases Controls

rs1329428 CFH 1 196 733 680 Intronic C T 1.52 (1.4-1.65) 0.52 0.41 2.71 × 10−23

rs882198 CD34/CD46 1 207 863 164 Intronic C T 0.73 (0.66-0.82) 0.18 0.23 1.43× 10−8

rs8192569 NOTCH4 6 32 222 707 Synonymous G A 1.51 (1.32-1.74) 0.12 0.08 5.76× 10−9

rs35770820 PREX1 20 48 735 377 Intronic G C 1.37 (1.23-1.52) 0.22 0.17 5.91× 10−9

rs2379120 GATA5 20 62 455 524 Intergenic A T 1.32 (1.2-1.45) 0.75 0.69 1.28× 10−8

Abbreviations: CD, cluster of differentiation; CFH, complement factor H;
CSC, central serous chorioretinopathy; EA, effect allele; EAF, effect allele
frequency; GATA5, GATA-binding protein 5; NEA, noneffect allele;
NOTCH4, notch receptor 4; OR, odds ratio; PREX1, phosphatidylinositol-3,4,5-
trisphosphate–dependent Rac exchange factor 1; rsID, reference single
nucleotide variation cluster identification.

a A total of 1176 patients with CSC and 526 787 controls from the FinnGen study,
Estonian Biobank, and a previously reported European clinical CSC cohort
were included in the meta-analysis. A Bonferroni-corrected 2-sided
genome-wide P value threshold of 5 × 10−8 was used to establish significance,
accounting for multiple comparisons. For all loci, the nearest protein-coding
gene is shown.
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Expression of Prioritized Genes in the Associated Loci
in Choroidal Vascular Endothelial Cells
We queried the expression levels of the genes prioritized by
PoPS or the nearest gene approach (7 total: CFH, CD34, CD46,
NOTCH4, PREX1, LAMA5, and GATA5) using publicly avail-
able ocular single-cell sequencing data sets.35-38 We observed
expression of 6 of 7 prioritized genes in the endothelial cells
of arteries, veins, and capillaries (eFigure 10A in Supple-
ment 1) based on an integrated data set of retinal, RPE, and cho-
roidal cells, and replicated this finding in a data set focusing
on RPE/choroid lysates (eFigure 11A in Supplement 1). Specifi-
cally, we found increased expression in vascular cells when
compared with all other cells (mean [SD] per-gene fold change,
2.05 [0.38]; unadjusted P values <7.1 × 10−20 for all 6 genes),
with rods and cones (mean [SD] fold change, 2.64 [1.19]; P val-
ues <3.8 × 10−23), with RPE (mean [SD] fold change, 2.27 [0.50];
P values <2.9 × 10−4), and with T cells, B cells, and macro-
phages (mean [SD] fold change, 2.52 [1.11]; P values <1.3 × 10−12)
(eTable 11 in Supplement 2). We did not observe similar con-
sistent enrichment for the second-nearest genes in the asso-
ciation loci (KCNT2, CR1L, GPSM3, ARFGEF2, and RBBP8NL)
analyzed as negative controls (mean [SD] fold change, 0.93
[0.30]) (eFigure 10B, 11B, and eTable 12 in Supplement 2). We
replicated these findings in 2 independent single-cell data sets
(eMethods, eResults, and eFigures 12 and 13 in Supplement 1
and eTable 13 in Supplement 2). Furthermore, in an indepen-
dent data set of cultured choroidal endothelial cells from ca-
daveric human donors,5 basal expression levels of the 6 lead
genes were higher on average compared with 54 nonpriori-
tized genes in the association loci (median [IQR] of log 2 [counts
per million], 7.3 [0.6] vs 4.7 [3.7]; Wilcoxon rank sum P = .004)
and compared with all other 13 128 genes (median [IQR] of log
2 [counts per million] 7.3 [0.6] vs 4.7 [3.2], P = .002) (Figure 2,
eFigure 14 in Supplement 1, and eTable 14 in Supplement 2).

Selective Overlap Between Genetic Risk Loci for CSC and AMD
Following the observation of shared loci between CSC and
AMD, we first evaluated the coassociations of the CSC lead vari-
ants with AMD based on a custom GWAS of AMD in FinnGen
(8913 patients with AMD and 348 936 controls) and a previ-
ously reported AMD GWAS by the International AMD Genom-
ics Consortium (IAMDGC) (eTable 15 in Supplement 2,
Figure 3A, and eFigure 15 in Supplement 1).39 We observed sig-
nificant coassociations for CSC and AMD for 2 lead variants (in
the CFH and NOTCH4 genes) with opposite effect directions.

Next, we evaluated whether any of 32 lead variants from
the previous IAMDGC meta-analysis were nominally associ-
ated with CSC, even if not genome-wide significant.39 The ef-
fect estimates were generally lower for CSC but showed an
overall inverse directional correlation (R = −0.60; P < .001)
(Figure 3B and eTable 16 in Supplement 2), though a subset of
loci showed concordant effect directions (eg, TNFRSF10A) or
near-null effects for CSC (eg, APOE).

Lower Associated Risk of CSC With Higher
Polygenic Score for AMD
To contrast individual-level genetic risk for AMD and CSC, we
constructed genome-wide polygenic scores for AMD in

FinnGen using PRS-CS based on summary statistics from the
most recent IAMDGC meta-analysis, incorporating informa-
tion from a total of 1 077 835 variants. The AMD-PGS was as-
sociated with increased risk of AMD in FinnGen (OR, 2.0; 95%
CI, 1.96-2.05 per +1 SD in AMD-PGS, P <1 × 10−32) and notably
with decreased risk of CSC (OR, 0.76; 95% CI, 0.70-0.83; P = 7.4
× 10−10) (Figure 4 and eTable 2 in Supplement 2).2

To evaluate the contribution of complement-annotated
loci, we constructed versions of the AMD-PGS excluding first
the CFH locus and then all 6 complement-annotated loci
(Figure 4 and eTable 2 in Supplement 2).2 The association of
the AMD-PGS with CSC was markedly reduced when remov-
ing the CFH locus (OR, 0.89; 95% CI, 0.81-0.97; P = .006) and
was further attenuated when removing all 6 complement-
annotated loci (OR, 0.93; 95% CI, 0.85-1.01; P = .09), whereas
the parsed AMD-PGS was still strongly associated with AMD
(OR, 1.60; 95% CI, 1.57-1.64; P <1 × 10−32). Due to limitations
in data availability, we were not able to conduct this same analy-
sis in the patients from Estonia.

Discussion
In this 3-cohort GWAS and meta-analysis, we replicated 2 pre-
viously reported CSC loci and identified 3 novel loci near the
genes CD34/CD46, NOTCH4, and GATA5. We were encour-
aged that the genetic signals based on ICD-defined CSC cases
showed little heterogeneity across biobanks, and although the

Figure 2. Expression of Prioritized and Nonprioritized Genes
in Human Primary Cultured Choroidal Endothelial Cells
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Basal gene expression levels were quantitated in cultured choroidal endothelial
cells from 10 human cadaveric donors (5 males and 5 females) using RNA
sequencing. Expression is shown separately for 6 genes in the association loci
that were prioritized by the polygenic priority score or nearest-gene method
(CFH, CD34, CD46, NOTCH4, PREX1, and LAMA5), 54 nonprioritized genes in the
association loci, and all other 13 128 quantifiable genes. Genes were designated
as belonging to the association loci if they were located within ±500 kilobases
from the genome-wide association meta-analysis lead variants. The 25%, 50%,
and 75% percentiles and 1.5 × IQRs for each group are represented by box and
whisker plots. P values were calculated with the Wilcoxon rank sum test. Exact
expression levels for genes in the association loci are additionally presented in
eTable 14 in Supplement 2. No measurable expression was observed for the
nearest protein-coding gene GATA5.
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biobank-based diagnosis of CSC cannot be confirmed with
imaging, the consistent genetic signal suggests homogeneity.

Prioritized genes in the loci (CFH, CD34, CD46, NOTCH4,
PREX1, and LAMA5) are particularly expressed in choroidal vas-
cular endothelial cells compared with retina and RPE, which
corroborates a role for choroidal vascular dysfunction in CSC
pathogenesis.35 In fact, the first novel locus is marked by an
intronic variant in PREX1, which codes for a protein impli-
cated in vascular hyperpermeability.40

The 2 other novel CSC loci near NOTCH4 and CD34/CD46
have potential links to both vascular and immune function.
Transmembrane Notch receptors are required for vascular
development41,42 and Notch4 protein regulates arteriove-
nous malformation and choroidal neovascularization.43,44 We
note that the NOTCH4 locus also contains several comple-
ment genes (C2, CFB, C4A, and C4B),39 the relevance of which
is not clear. The last novel locus points to CD34 and CD46,
which are both expressed in choroidal vasculature.35 CD46
codes for MCP/CD46 which has a canonical role as a comple-

ment inhibitor via the proteolytic cleavage and inactivation of
C3b and C4b45 and regulates RPE adhesion through its inter-
action with β1 integrin.46 CD34 is strongly expressed in early
hematopoietic cells and vascular endothelial cells at differ-
ent stages of development47 and has been implicated in AMD.48

Together with CFH, these 3 loci suggest that genetic variation
in the complement cascade may be associated with CSC, but
this hypothesis is purely speculative given lack of confirma-
tion that complement is expressed in CSC eyes.

Threeof6total-reportedleadvariantsincludingallpublished
studies are also associated with AMD,27 but the direction of ef-
fect is opposite in the CFH and NOTCH4 loci and concordant in
the TNFRSF10A locus.39 The benefit of GWAS is that it is truly un-
affected by previous hypotheses (as compared with a candidate
gene approach), and we controlled for major confounders includ-
ing population stratification, age, and sex. The opposite genetic
riskbetweenCSCandAMDisnotlikelyanartifactofmisdiagnosed
or underdiagnosed AMD given that (1) the discordant effect sizes
insomelocidonotfitapatternofsystematicmisdiagnosisofAMD

Figure 3. Comparison of Effect Estimates Between Central Serous Chorioretinopathy (CSC) and Age-Related Macular Degeneration (AMD)
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Effect estimates (natural logarithms of odds ratios [ORs]) for CSC (y-axis) and
AMD (x-axis) are contrasted for 5 lead variants from the genome-wide
association study (GWAS) meta-analysis of CSC (A), and 32 lead variants that

were reported in a previous GWAS of AMD (B).39 Pearson correlation
coefficients and best-fit lines based on linear regression are shown.

Figure 4. Predictive Utility of Polygenic Scores (PGS) for Central Serous Chorioretinopathy (CSC) and Age-Related Macular Degeneration (AMD)
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PGSs were used to predict prevalent CSC (552 patients with CSC and 343 461
controls) and AMD (8913 patients with AMD and 348 936 controls) in the
FinnGen study. PGSs were constructed based on previously reported
genome-wide association studies of chronic CSC (cCSC) and AMD. Additional
versions of the PGS for AMD were calculated after removing variants in the CFH

locus and all 6 loci previously annotated as complement associated (CFH, CFI,
C9, C2-CFB-SKIV, C3, and TMEM97-VTN loci). In each logistic regression model, a
PGS, age at end of follow-up or death, age at end of follow-up or death squared,
sex, first 5 genomic principal components, genotyping batch, and genotyping
array were used as covariates. OR indicates odds ratio.
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as CSC, (2) AMD was excluded symmetrically from cases and con-
trols in the biobank-based cohorts, and (3) undiagnosed AMD in
the controls should manifest in reverse associations with CSC in
all AMD loci, which we did not observe. Further study is needed
to understand the implications of this association.

Strengths and Limitations
This study has several strengths. It was the first, to our knowl-
edge, CSC GWAS meta-analysis to date, increasing sample size
beyond 2 previous discovery GWASs. It encompassed an ear-
lier European cohort, and although the case counts are com-
parable to previous Japanese cohorts,22,23 the meta-analysis
design and expansion of controls (526 787 compared with
13 029) were likely reasons for the discovery of 5 loci com-
pared with 1 to 2 loci in previous GWASs.

This study has important limitations. Most importantly, in
the FinnGen study and EstBB, patients with CSC were identi-

fied based on ICD codes; review of medical records or imaging
was not possible. However, genetic similarity between case
definitions is supported by cross-cohort homogeneity and lack
of age of onset dependency in lead variant effect estimates.
Second, sample sizes and statistical power differ in GWAS and
PGS analyses of AMD and CSC, which limits interpretation. Fi-
nally, the study samples were of European origin; more work
is needed to generalize these results.

Conclusions
In conclusion, in this 3-cohort meta-analysis, we combined 3
CSC cohorts and reported 5 associated loci—3 of which are
novel. Three of the 5 loci contain complement genes, and
prioritized genes overall are expressed in choroidal tissue
specimens compared with others.
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Invited Commentary

What Can We Learn From the Surprising Insight Into the Genetic
Background of Age-Related Macular Degeneration
and Central Serous Chorioretinopathy?
Samer Khateb, MD, PhD; Itay Chowers, MD; Michelle Grunin, PhD

Important insights into the pathophysiology and underlying
genetic causes of central serous chorioretinopathy (CSC) were
provided in recent years, but comprehensive understanding

of the disease and its genet-
ics are still lacking. Although
mendelian inheritance is
unlikely in this case, a multi-

factorial etiology involving acquired environmental risk fac-
tors together with genetic susceptibility factors may consist
of the pathological basis of CSC. The meta-analysis by Rämö
and his colleagues1 replicated 2 previously reported risk loci
(near CFH and GATA5) and identified an additional 3 novel risk
alleles (near CD34/46, NOTCH4, and PREX1) in a total of 1176
patients with CSC compared with 526 787 controls, using a
genome-wide association study (GWAS). Polygenic priority
score (PPS) and nearest-gene methods were used to assess pri-
oritized genes in the associated loci in publicly available cul-
tured choroidal endothelial cells and ocular single-cell RNA se-
quencing data sets. Two of the 5 reported loci (CFH and some
of the genes in the NOTCH4 locus) were oppositely associ-
ated with AMD in this analysis.1

The clinical presentation of CSC and AMD share some simi-
larities such as retinal pigment epithelium (RPE) abnormali-
ties, presence of pigment epithelial detachment (PED), se-
rous detachment, and choroidal neovascularization (CNV).
In addition, both AMD and CSC are considered complex
diseases associated with environmental factors and cluster-
ing in families. However, there are also many dissimilarities

between CSC and AMD, including different age at onset and
gender propensity, unalike risk factors (eg, corticosteroids for
CSC but not for AMD), distinguishable histopathological char-
acteristics (ie, basal linear deposits and drusen for AMD), and
different alteration patterns of the choroidal blood flow. Char-
acteristic patterns for AMD and CSC are also present in imaging
modalities such as fundus autofluorescence, fluorescein an-
giography, indocyanine green angiography, and optical coher-
ence tomography.

Two previous larger GWASs on CSC have been reported,
one on a subset including 521 European patients from the cur-
rent study2 and another on 1546 Japanese patients with CSC.3

In the European population, a susceptibility locus near CFH
was found, whereas in the Japanese study, susceptibility loci
were detected near GATA5 and TNFRSF10A as well as other
AMD loci like CFH, C2/FB, and ARMS2. These findings of the
involvement of the complement system genes and the over-
lap between AMD and CSC were found in other smaller stud-
ies as well. Both CFH and TNFRSF10A loci were previously as-
sociated with AMD.4 However, the TNFRSF10A locus was not
identified in the study by Rämö et al.1 In a cohort from Japan,
a CFH allele that is associated with high risk for AMD was also
associated with increased choroidal thickness among pa-
tients with CSC. However, this locus was inversely associated
in the CSC cohort with both choroidal thickness and with de-
velopment of CSC. This indicates that there are important clini-
cal features in both diseases directly associated with genetic
findings and some that can potentially be used to differentiate
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