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Motivation and Aim: Back pain is the leading cause of years lived with disability
worldwide, yet surprisingly little is known regarding the biology underlying this
condition. The impact of genetics is known for the chronic back pain: its heritability is
estimated to be at least 40 % [1]. Large genome-wide association studies (GWAS) have
shown that common variation may account for up to 35 % of chronic back pain
heritability; rare variants may explain a portion of the heritability not explained by
common variants [2]. In this study, we aimed to analyze the genes whose variants are
directly responsible for differences in chronic back pain risk between individuals using
data from UK Biobank.

Methods and Algorithms: For gene-based association analysis we used GWAS summary
statistics for chronic back pain obtained on the UK Biobank imputed data including rare
variants with moderate imputation quality, N = 439,831 participants of European
ancestry [3]. A sample of 265,000 randomly selected participants was used as the
discovery sample. The remaining participants comprised a replication cohort. We used
the sumFREGAT R-package [4] to perform three gene-based methods: SKAT-O, PCA,
and ACAT-V. The results from these methods were combined using the aggregated
Cauchy omnibus test, ACAT-O [5]. Genes having a combined ACAT-O p-
value <2.5 x 10°® (standard gene-based significance threshold) were considered as
genome-wide significant genes. Genes with p-value <2.5 x 10 were considered as
suggestively significant. For genes with genome-wide significant p-values, replication
was carried out on the sample of remaining UK Biobank participants (N = 174,831).
An additional validation step was performed using FinnGen Biobank GWAS results
version 6 (Finngen-r6, https://r6.finngen.fi/).

Results: We obtained 39 suggestively significant genes on discovery stage. Two of them,
SOX5 and PANX3, reached the genome-wide significance threshold (2.5 x 10°) and
were further replicated with p-value < 0.025 (0.05/2). The SOX5 gene is well known
back pain gene. The PANX3 gene has not previously been described as having a role in
chronic back pain. We showed that the association of PANX3 with chronic back pain is
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driven by rare non-coding intronic polymorphisms. Association of PANX3 has been
replicated on independent sample from UK Biobank and validated using similar
phenotype, dorsalgia, from FinnGen Biobank. We also found that the PANX3 gene is
associated with intervertebral disc disorders on FinnGen sample. We can speculate that
a possible mechanism of action of PANX3 on the back pain is due to its effect on the
intervertebral discs.

Conclusion: We found that SOX5 and PANX3 genes influenced chronic back pain. The
PANX3 gene has not previously been described as associated with chronic back pain. Its
association was shown to be due to non-coding rare intron polymorphisms.
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