doi: 10.1093/braincomms/fcab095 BRAIN COMMUNICATIONS 2021: Page | of 5 | |

Evidence for GRN connecting multiple
neurodegenerative diseases

Mike A. Nalls,''? ®Cornelis Blauwendraat,' (Lana Sar‘gent,I ®Dan Vitale,'"?
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Andrew B. Singleton'

Previous research using genome-wide association studies has identified variants that may contribute to lifetime risk of multiple neu-
rodegenerative diseases. However, whether there are common mechanisms that link neurodegenerative diseases is uncertain. Here,
we focus on one gene, GRN, encoding progranulin, and the potential mechanistic interplay between genetic risk, gene expression
in the brain and inflammation across multiple common neurodegenerative diseases. We utilized genome-wide association studies,
expression quantitative trait locus mapping and Bayesian colocalization analyses to evaluate potential causal and mechanistic infer-
ences. We integrate various molecular data types from public resources to infer disease connectivity and shared mechanisms using
a data-driven process. Expression quantitative trait locus analyses combined with genome-wide association studies identified signifi-
cant functional associations between increasing genetic risk in the GRN region and decreased expression of the gene in
Parkinson’s, Alzheimer’s and amyotrophic lateral sclerosis. Additionally, colocalization analyses show a connection between blood-
based inflammatory biomarkers relating to platelets and GRN expression in the frontal cortex. GRN expression mediates neuroin-
flammation function related to multiple neurodegenerative diseases. This analysis suggests shared mechanisms for Parkinson’s,
Alzheimer’s and amyotrophic lateral sclerosis.
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Introduction

Alzheimer’s disease (AD), Parkinson’s disease (PD) and
amyotrophic lateral sclerosis (ALS) are thought to be
three distinct disorders representative of the common neu-
rodegenerative disease (NDD) spectrum, with other less
common conditions manifesting as combinatorial versions
of these symptomatologies. While common lifestyle and
environmental factors have been suggested to contribute
to all three disorders, well-powered genome-wide associ-
ation studies (GWAS) generally indicate a distinct rather
than shared set of chromosomal loci that contribute to
lifetime disease risk.

Mutations in the GRN gene lead to reduced function
or decreased expression of the encoded protein, progra-
nulin, and an increased risk of frontotemporal dementia
(FTD)."™ The GRN locus has been nominated as contri-
buting to the lifetime risk of several NDDs to varying
extents.® This locus is therefore a potential exception
to the general rubric that NDDs have distinct genetic
architecture.

Prior attempts to confirm single gene risks across
NDDs have been limited to simple association studies
and meta-analyses in small sample series.'” Here we
apply post-GWAS methods to evaluate whether the
GRN locus reliably contributes to risk of AD, PD and
ALS in order to infer potential shared mechanistic
consequences.
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Methods

GWAS summary statistics were extracted from the three
largest studies of AD, PD and ALS in the public domain
for the chromosomal region surrounding GRN, defined
as 500 kilobases from the 5’ and 3’ gene boundaries.®™
These studies are in the public domain and include risk
estimates derived from genotyping data in millions of
genetic variants from over a million study participants
spread across dozens of disease relevant cohorts. To test
the specific hypothesis that decreased expression of GRN
is associated with increased risk of NDDs, we located a
large dataset for brain gene expression that includes a
meta-analysis of brain-derived gene expression across
multiple cohorts and brain regions, statistically account-
ing for sample overlap across studies.'' This dataset is a
meta-analysis of all publicly available brain-derived gene
expression QTLs (at the time of publication for the initial
report) that statistically account for sample overlap across
studies and brain regions.

To generate functional inferences relating to the role of
GRN in gene expression for these three archetypes of
NDD, we used summary data-based Mendelian random-
ization (SMR).'> SMR was carried out using default set-
tings with the linkage disequilibrium reference dataset of
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over 30 000 samples described previously.® Initial analy-
ses were limited to testing the association with GRN and
the three diseases, and post hoc analyses were then
applied to ascertain any other possible associations within
the one megabase region surrounding the gene of interest.
Associations were considered valid if P from the multi-
SNP (single-nucleotide polymorphism) test in SMR was
less than 0.01 after multiple test correction. This thresh-
old denotes a significant association between local SNPs
and changes in expression that are functionally connected
to disease etiology. In this analysis, effect estimates relate
to a putative causative effect of increasing genetic risk on
gene expression, for example, a negative beta coefficient
would indicate increasing risk is associated with
decreased expression as part of disease etiology. When
expanding past the GRN gene itself, we excluded SMR
associations if the P for the heterogeneity in dependent
instruments test was less than 0.01, which would suggest
potential violations of the inherent assumptions of the
causal inference model.

To fine-map signals, we ran the approximate Bayes fac-
tor fine-mapping routine within the R package ‘coloc’ for
each trait separately using all P-values within the region
of interest as an input."*™" In this analysis, we test the
possibility of a single causative variant at this locus being
associated with disease risk. P-values are distributed
across the locus and converted to approximate Bayes fac-
tors, then these Bayes factors are repeatedly sampled
allowing for a posterior probability of a causative associ-
ation to be generated per variant. We considered a valid
result for fine mapping any variant meeting a posterior
probability of >0.8. Null results for localizing a putative
functional variant led us to not attempt any cross trait
colocalization for these diseases. However, to gain further
insight, we did mine aggregate colocalization data for
GRN from the OpenTargets database (accessed 23
November 2020).'®

Available here (https:/drive.google.com/file/d/1VVYpnhK00-
R4Ah9MROcusF1UOhgjdIfx/view?usp=sharing).
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Results

We first examined associations between genomic variation
at GRN and all three diseases of interest. The strongest
effect was with PD, where a single standard deviation in-
crease above the population mean genetic risk for PD at
this locus was associated with a 0.1650 standard devi-
ation decrease in expression of GRN in the brain (SE =
0.0354, P=1.67E—07). A similar direction and magni-
tude of effect is seen in ALS (beta = —0.1038, SE
0.0411, P=8.36E—03), and a smaller but significant ef-
fect seen in AD (beta = -0.0230, SE = 0.0064,
P=1.53E—03). The results are detailed in Table 1 and
Fig. 1 below.

Fine-mapping and colocalization across these diseases
at GRN failed to identify any single variant with poster-
ior probabilities of causality greater than 0.80. Posterior
probabilities for the null hypothesis, which relates to the
likelihood of no quantifiable causal variant(s) neared this
threshold, were 4.92E—06 in PD, 0.8743 in AD and
0.9142 in ALS. The top nominated SNP for PD
(rs850738 in FAM171A2) only had a posterior probabil-
ity of 0.1946 for being the causal variant, which is con-
sidered extremely weak evidence for causality. Therefore,
no conclusive fine-mapping conclusion can be made from
our GWAS-derived data. We also failed to support a
causal role for the nearby gene FAM171A2 based on ex-
pression quantitative trait locus data. Additionally, the
proximal gene ITGA2B does not show up significantly in
any of the SMR results or as a hit in the fine-mapping.
This suggests that while ITGA2B may be related to plate-
let function, its direct impact on NDD is relatively uncer-
tain.'” The lack of a single putative causal variant
identified via colocalization does not invalidate the causal
inferences from other analyses, as the putative causal
variant may not be captured by the publicly available
GWAS summary statistics.

Mining the OpenTargets database shows 55 associa-
tions suggesting colocalization evidence between GWAS
studies and gene expression estimates at GRN. Out of
these 55 putative causal associations, the overwhelming
majority (80%) were related to platelet-derived GWAS,
with an additional 4 of the 55 associations related to

Table | Summary of local SMR analyses using brain expression data and GWAS estimates for AD, ALS and PD

Symbol Gene ID Disease N SNPs Beta SE Multi-SNP P HEIDI
P
GRN ENSG00000030582 PD 14 —0.1650 0.0354 |.67E—07 0.0471
GJCI ENSG00000182963 PD 20 —0.1925 0.0512 I.09E—04 0.3489
ASBI6-AS| ENSG00000267080 PD 20 0.0805 0.0237 5.57E-04 0.0146
HIGDIB ENSG00000131097 PD 20 0.1890 0.0579 I.10E—03 0.1037
GRN ENSG00000030582 AD 18 —0.0230 0.0064 I.53E—-03 0.7770
GRN ENSG00000030582 ALS 18 —0.1038 0.0411 8.36E—03 0.9823

All P-values are unadjusted. N SNPs is the number of SNPs in the analysis after removing correlated SNPs. The beta and SE columns relate to the effect estimates of the SMR ana-
lysis, with a negative beta suggesting increasing disease risk resulting in decreased expression of the gene. The milti-SNP P and HEIDI P relate to the overall SMR association signifi-

cance and the test of heterogeneity, respectively.
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Figure | Graphical summary of SMR and GWAS analysis significance in the region per disease. To better display GWAS
summary statistics, we only represent the most significant value per 10 kilobase window to avoid overplotting and improve clarity. The
annotated boxes represent the SMR results for genes of interest after HEIDI filtering with some vertical spacing to avoid over-plotting. The
triangle next to the gene name indicates the start of the gene. The y-axis represents negative log|0 P-values for each association, the x-axis

represents positions on chromosome |7 (in 1EQ7 base pair units).

white blood cell GWAS. This is a major overrepresenta-
tion (44/55 associations) of blood and potential inflam-
matory traits compared to others at this locus. These
inflammatory-related traits from blood (platelet distribu-
tion width, platelet count, mean platelet volume and
thrombocyte volume) are all colocalized with variants
related to changes in brain cortex expression.'82°

Discussion

Here, we report strong causal functional inferences that
connect genetic risk of three common NDDs to gene
expression changes in the brain for GRN. This is the
first study to link GRN to multiple NDDs and to sug-
gest a gene-level mechanistic connection across a spec-
trum of NDDs. We additionally used a public resource,
OpenTargets, to provide further mechanistic insights
suggesting that the risk at this locus may be related to
the body’s immune response to injury through inflam-
mation and potentially further brain-related etiological
effects.

The association between GRN and FID is well docu-
mented in the literature. Granulin encodes the progranulin
protein which can be cleaved into 7.5 granulin domains.
Whereas progranulin protein has anti-inflammatory proper-
ties, granulins display pro-inflammatory properties (reviewed
in Doi: 10.1007/s12035-012-8380-8). A clear connection be-
tween decreased GRN expression and increased neuronal
inflammation processes such as neutrophil migration and re-
sponse to interleukins was seen in post mortem brain tissue

of GRN mediated FTD and not in MAPT-mediated FTD.*!
Upregulated processes include NF-kappa-B signaling, as well
as genes involved in tumor necrosis factor production. In
addition, extracellular matrix pathways and matrix metallo-
proteases (MMPs) are up-regulated. Mediation of the
inflammatory response involves proteolytic processing of
anti-inflammatory GRN into pro-inflammatory granulins by
the serine proteases neutrophil elastase, proteinase 3 and
some MMPs (reviewed in Doi: 10.1007/s12035-012-8380-
8). In mouse models of ALS inhibition of the MMPs,
MMP2 and MMP9 could indeed prolong survival and re-
duce symptoms. This prior data provides evidence for the
potential role of inflammatory mediated responses driven by
GRN with shared etiology for multiple NDDs.
Identification of common pathogenic mechanisms across the
different NDDs could help explain shared clinical symptoms
and  establish  more genotype-phenotype
correlations.

There are limitations to the current analyses that derive
largely from data availability. As we used GWAS sum-
mary statistics, we did not have sufficient deep sequenc-
ing data for GRN in these diseases to accurately fine-
map the locus. Additionally, due to sample size con-
straints, we were not able to include data from FTD sub-
types or Lewy body dementia in our analyses. Finally, we
do not have sufficient data to quantify the associations
seen in diverse genetic ancestries but hope to evaluate
this in the future. Finally, well-powered GWAS in path-
ology confirmed samples would benefit future research
and allow us to exclude to a degree potential artifacts
related to misdiagnosis of NDDs.

accurate
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