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Reply to: Genotype by sex interactions in 
ankylosing spondylitis

Elena Bernabeu    1  , Konrad Rawlik    2, Oriol Canela-Xandri1, 
Andrea Talenti    2, James Prendergast2 & Albert Tenesa    1,2,3 

arising from: Bernabeu et al. Nature Genetics https://doi.org/10.1038/ 
s41588-021-00912-0 (2021)

Differences between males and females have been described for a broad 
range of human complex traits, yet their underlying mechanisms are still 
poorly understood. In this context, our article1 provides an extensive 
and agnostic look into the role of the human genome, across 530 com-
plex traits, making use of data originating from around half a million 
individuals from the UK Biobank. Our article constitutes an important 
first step, with further studies needed to, among others, assess causal 
associations and fine-map the genetic variants and regions reported. In 
their comment, Li et al.2 have begun this important task, performing a 
more detailed analysis of the locus linked to ankylosing spondylitis and, 
more specifically, the roles of the human leukocyte antigen (HLA) region 
genes HLA-B and MICA, which have been subject to previous debate3,4.

Li et al.2 replicated our finding of a genotype by sex (G × S) inter-
action for ankylosing spondylitis at the HLA region, and performed a 
series of conditional logistic regression analyses, making use of the 
UK Biobank data pertaining to unrelated white individuals of British 
ancestry (n = 334,996). They found that a variant suggested to tag the 
HLA-B27 allele (rs116666910), which was filtered by the allele frequency 
cutoff in our original analysis, presents the largest evidence of G × S in 
the region, as opposed to the lead single-nucleotide polymorphism 
(SNP) at the locus we reported (rs9266267, for which the closest gene is 
HLA-B27, not MICA). This observation is not untypical in fine-mapping 
efforts since when SNP density is increased a better supported marker 
may arise. We believe these fine-mapping efforts are incredibly valuable 
when dissecting genetic architecture heterogeneity between the sexes 
and strongly welcome further such work into potential drivers of the 
G × S interactions we observed. Linear and logistic models have techni-
cal limitations in the presence of large case-control imbalance5–7 (the 
number of cases of ankylosing spondylitis in the UK Biobank, consider-
ing all white individuals of European ancestry, being 788 in males and 
466 in females), which give rise to inflated type I error rates5,8 (discussed 
further in the Methods and Supplementary Methods of our article). In 
linear mixed models, these issues are ameliorated by applying a more 
stringent minor allele frequency cutoff as we did8.

After their conditional regression analyses, Li et al.2 looked to 
replicate our finding of a sex-biased expression quantitative trait locus 
(eQTL) at the MICA locus. In our work, we searched for potential links 
between G × S interactions in genetic architecture and G × S interac-
tions in gene expression regulation. We did this through an agnostic 
search of sex biases in genes near SNPs presenting G × S interactions in 
any of the 530 traits considered, not just ankylosing spondylitis. This 
analysis, which made use of the Genotype-Tissue Expression (GTEx) 
v.6p resource, returned several sex-biased eQTLs, including the eQTL 
rs56705452 for MICA in skeletal muscle tissue. This variant is not in 
linkage disequilibrium with the rs9266267 variant Li et al.2 focused on 
in the first part of their report (r2 = 0.07 in the 1000 Genomes Project9). 
Making use of a more recent GTEx version (v.8), which contains a larger 
number of individuals not available to us at the time our study was 
conducted, Li et al.2 found the same, albeit less significant (P = 0.0013), 
rs56705452-MICA sex-biased eQTL in the same tissue (Extended Data 
Fig. 8 in the original article and Fig. 2 in the response by Li et al.). Fur-
thermore, in their study Li et al. did not carry out an interaction analysis 
between HLA-B27 tagging variants and sex for the expression of HLA-B 
in any tissue. Hence, while their fine-mapping work is consistent with 
the hypothesis that HLA-B27 is linked to ankylosing spondylitis, their 
functional analysis falls short of that. To correct this, we tested for a 
G × S interaction in HLA-B gene expression across all tissues making 
use of the GTEx v.8 resource, considering the SNP with the lowest G × S 
P value in the logistic analysis by Li et al. (rs116666910; Fig. 1b in the 
response by Li et al.2), suggested to tag HLA-B27. We found a significant 
rs116666910 by sex interaction for HLA-B expression in skeletal muscle 
tissue (P = 0.008; Supplementary Table 1) but this is less significant 
than both the association we originally reported between rs56705452 
and MICA and the updated result for the same SNP and gene reported 
by Li et al.2. We found no evidence of an interaction of rs116666910 and 
sex with expression levels in blood of HLA-B27 (P = 0.95), the target 
tissue suggested by Li et al.2. This reinforces our call for larger sample 
sizes to truly understand the link between G × S interactions in genetic 
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architecture and in gene expression regulation, in concordance with 
previous reports10,11.

Finally, Li et al.2 speculated that estimates of heritability may be 
biased by differences in disease prevalence recorded in the UK Biobank. 
They presented data suggesting there is a lower ‘true’ prevalence of 
the disease in the UK Biobank compared to data obtained from clini-
cal settings. Li et al.2 based this conclusion on imputed genotypes at 
the HLA-B27 allele, the prevalence of which is lower among ankylosing 
spondylitis cases than in clinical settings. That is, they consider the 
HLA-B27 genotype as the gold standard of phenotypic definition for 
ankylosing spondylitis, an approach we consider as having important 
limitations. First, there is a circularity element, since it assumes that 
HLA-B27 status is the causal allele for ankylosing spondylitis. Second, it 
assumes that imputation and typing of HLA-B27 have similar diagnostic 
accuracy. Even if we were to accept this as a reasonable definition of 
ankylosing spondylitis, Li et al.2 presented no evidence that the pur-
ported difference in prevalence between the general UK population and 
the UK Biobank significantly affects the heritability estimates in males 
or females. We conducted a sensibility analysis with our data using 
the observed heritability estimated in the UK Biobank for males and 
females and transformed it to the liability scale using the prevalences 
reported by Li et al.2 (Methods and Supplementary Table 2). We found 
that a difference in heritability between the sexes was still detected 
(P = 2.8 × 10−3). We further transformed the observed heritability esti-
mates making use of the National Institute for Health and Care Excel-
lence (NICE) prevalence of ankylosing spondylitis, considering both 
its lower (0.05%) and upper (0.23%) bounds. Significant differences in 
heritability on the liability scale between males and females were found 
for both (Plower = 4.24 × 10−15, Pupper = 4.02 × 10−15), albeit the estimates 
were outside the parameter space.

To conclude, we accept that this is a complicated locus, a detailed 
study of which was outside the scope of our manuscript1, but we dis-
agree that the evidence presented by Li et al.2 unequivocally dem-
onstrates the exclusive involvement of HLA-B27 in the causation of 
ankylosing spondylitis nor that, as they imply, we made the claim that 
MICA, but not HLA-B27, was the only causal gene.
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Methods
To assess the existence of an interaction between rs116666910, sex 
and expression levels of HLA-B (ENSG00000234745.10) across all 
non-sex-specific tissues in the v.8 release of GTEx, linear regression 
models were fitted using PLINK v.1.9 according to the GTEx Consortium 
eQTL discovery pipeline. In addition, a sensitivity analysis was carried 
out to assess the effect of different prevalence estimates of ankylos-
ing spondylitis, including those reported by NICE and by Li et al.2 on 
heritability on the liability scale. Methods are further described in the 
Supplementary Note.

Human research participants
The UK Biobank Project has favorable ethical opinion from the National 
Health Service North West – Haydock Research Ethics Committee (ref. 
21/NW/0157, previously ref. 16/NW/0274).

Reporting summary
Further information on research design is available in the Nature Port-
folio Reporting Summary linked to this article.

Data availability
The data used pertain to the GTEx project v.8. Gene expression data 
are freely available at https://gtexportal.org/home/. GTEx genotype 
data are available on application through the database of Genotypes 
and Phenotypes. This research was conducted using the UK Biobank 
resource under project no. 788. The GTEx regulatory and consent 
protocols can be found at https://biospecimens.cancer.gov/resources/
sops/library.asp.
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Python code is openly available at Zenodo https://doi.org/10.5281/
zenodo.7093777.
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