Combining big data science with clinics: Novel approach for
understanding human sex development and its variants
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Introduction

Clinical genetics become essential to provide a definitive diagnosis for rare syndromes. It also can have an influence
on disease prognosis, treatment and prevention in reproduction and fertility . Next-generation sequencing (NGS)
makes now possible to analyze thousands of genes at an unprecedented speed. However, one major challenge is to
process the huge amount the data and correlate it with relevant medical information. This is particularly relevant in
rare diseases where, after filtering and discarding known disease causative genes, researchers still have to deal with
approx. 1,000 potentially relevant variants for each patient. In more than 50% of DSD patients no known gene vari-
ants are identified, suggesting the existence of a number of unknown sex-developmental genes. With this work, we
aim to develop a methodology to add contextual information to NGS data, allowing us to highlight potential gene
candidates for further studies.

Methods

Information from Single-cell RNA seq of gonadal cells was used to add gonadal context to the gene candidates. We
can use this context to filter variants from undiagnosed patients and prioritize genes for further studies.

Three steps approach:
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for further studies

F=0.998

Networks were examined using DAVID Bioinformatics Resources
6.8. Among the list of gene candidates, we selected those with
the highest F score (F = mean+2SD) for in-depth analysis, includ-
ing literature search and variant modelling (YASARA/Alphafold?2).
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Figure 1: Project pipeline representation

Bioinformatics to determine DSD gene variants

Results

Cell-context Scoring

Genes ranked higher than the mean were considered “relevant”for the cell type function. The list of “relevant genes” includes known SD-genes and novel can-
didates. Contextual gene ranking of the three cell types in the male gonad. All the analyzed known SD- genes were ranked as relevant genes for at least one
of the cell types.
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Figure 2: Cell-context Scoring. a) Schematic representation of “cell-relevant” gene selection. b) R score distribution of genes expressed in each gonadal cell population, colored area represent genes considered relevant for
the analysis. ¢) Venn diagram of relevant gene clusters in the male gonad. Known sex development-related genes in each cluster are highlighted.

Data integration and contextual network generation

For each cell type, we generated an interaction network combining the corresponding contextual ranking and the list of sex development-related genes (in
red) and novel variants (in blue) from the clinical database. The nodes are weighed based on its F score. Consequently, candidates for in-depth analysis (in
yellow) were selected among the genes with higher F score and more direct interactions with known sex development-related genes.
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Sertoli cell contextual network

b) Leydig cell contextual network
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Figure 3: Contextual gene interaction networks for a) Sertoli cells, b) Leydig cells, and c) germ cells. The network shows direct interactions of novel candidates (in blue) with known sex development-related genes (in red).
Activations are represented as green arrows and inhibitions as red lines. Node size is correlated with the F score of the gene.
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Some examples of gene candidates selected for in-depth analysis:

IGF1

IGF1:

IGF1 activates, through IGF1R, the MAPK and the PI3K/AKT pathways and stimulates
growth and survival. In immature SC it seems to play in FSH action. In mice, Igf1 defi-
ciency shows postnatal lethality, growth retardation, infertility, and developmental
defects in major organs. In patients IGF1 mutations are known to produce intrauter-
ine growth delay, but no gonadal abnormalities were reported.

IGF 1R extracellular domain

IGF1R:

Pathogenic homozygous mutations in the IGF1R gene in humans
cause diminished autophosphorylation of IGF1R. Mouse XY gonads
lacking both insulin and IGF1 receptors resemble ovaries and are indis-
tinguishable from XX gonads, with complete absence SCs and LCs.

The IGF1R variant observed in our patient (p.Arg895GIn9, in red) is lo-
calized at the extracellular domain of the protein, close to the trans-
membrane domain. Since IGF 1R activity depends on the physical prox-
imity of both intracellular kinase domains of the dimer, regulated by
the conformational change of the transmembrane domains, muta-
tions close to the transmembrane domain could affect the IGF1R activ-
ity independent from the ligand.

Arg895GIn-
MYC:

MYC (also known as C-Myc) plays a role in cell cycle progression, cellular transformation and apoptosis. In humans,
upregulation of C-Myc expression induce proliferation of cultured adult human SCs, via WNT/b-catenin signaling.
Knockdown of C-Myc affect WNT/3-catenin stimulation of SCs proliferation. Myc mouse models reported Leydig cell
hyperplasia, reduced female fertility, and decreased litter size. An FSH-dependent C-Myc regulation had been linked
to the control of the SCs cycle. In Drosophila, Daughterless (da), a gene with multiple similarities to C-Myc, has im-
portant functions in embryonic development, being necessary for sex determination.

Two patients from our cohort carry variants in MYC. One patient presents with 46,XY DSD and female phenotype

and the other with undescended testes and hypospadias. There is no available crystal structure for MYC and homol-
ogy modelling did not result in an adequate model.

Conclusions

® NGS applicability can be boosted by adding contextual information to the raw data.
® SC-RNA seq and clinical WES data can be combined to increase data value.
@® We can prioritize over thousands of potential variants, based on cell and disease context.

® This methodology can be applied to virtually any cell type and human disease, helping to find
novel genes and pathways underlying the mechanism of disease.
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