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e-Posters

EPO1 Reproductive Genetics

EP01.001 Correlations between cytogenetic findings and
spermatogenic failure in Bulgarian infertile men

Svetlana Yovinska’, Kalina Belemezova®, Mariela Hristova-Savova?,
Tanya Milachich?, Petya Andreeva®, Yuri Buchvarov?, Maria Yuna-
kovaz, Tanya Timevaz, Atanas Shterevz, Ivanka Dimova®

"Medical University - Sofia, Department of Pharmacology and
Toxicology, Sofia, Bulgaria; SAGBAL “Dr. Shterev”, Sofia, Bulgaria;
3Medical University - Sofia, Department of Medical Genetics, Sofia,
Bulgaria.

Background/Objectives: Chromosomal aberrations have a great
impact on spermatogenesis, semen quality, and successful con-
ception. The objective of our study was to determine the type and
frequency of chromosomal aberrations and polymorphisms in
men with different degrees of spermatogenic failure in compar-
ison to men with normozoospermia, in order to find some cor-
relations between cytogenetic findings and the abnormal results
of semen analysis.

Methods: In our study, we have performed cytogenetic ana-
lysis in 901 infertile men, divided into 5 groups according to
semen analysis—normozoospermia, asthenozoospermia, oli-
goasthenozoospermia, severe male factor and azoospermia.

Results: The frequency of polymorphisms was similar in all
groups (11-16%, without significant differences). The frequency of

numerical and structural aberrations increases with the degree of
the spermatogenic failure (3.5% in normozoospermia, 5.6% in
asthenozoospermia, 9.8% in oligoasthenozoospermia, 9% in
severe male factor and 13.5% in azoospermia). We have found
significantly higher incidence of numerical chromosome aberra-
tions in severe male factor (7%) and azoospermia (9.3%). Oli-
goasthenozoospermia was associated with chromosomal
translocations, as it occurs in 45% of cases with translocation,
compared to 20% in the group with normal karyotype.

Conclusion: We revealed that chromosomal translocations are
significantly associated with oligoasthenozoospermia, whereas
numerical chromosomal aberrations—with severe male factor and
azoospermia. These are important aspects of genetic counseling
for those cytogenetic findings. Chromosome polymorphisms don’t
seem to disturb significantly spermatogenesis and their impact
should be studied in regard to unsuccessful pregnancy achieve-
ment, even in patients with normozoospermia.

References:
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EP01.002 Comparison of carrier status among patients with or
without family history of disease using targeted and
expanded panels

Karen Phaik Har Lim', Bridgette Meyers', Ezen Choo', Trevor
Smart’, Sindhu Arun’, Nina Sanapareddy’, Dianne Keen-Kim'

"Natera Inc., San Carlos, United States.
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Background/Objectives: Targeted carrier screening (CS) based on
ethnicity or family history (FH) is common. However, many families
lack background ethnic or genetic information. In this study, we
compared the impact of using expanded versus targeted disease
panels on patients with and without patient reported FH.

Methods: Results from Horizon™ CS with 27-genes (N = 19,397)
or 274-genes (N = 58,327) performed between January 2020-June
2021 were analyzed. FH among carriers was determined by ICD-10
code Z84.81. Cases without an ICD10 code were excluded.

Results: Among 77,724 individuals undergoing CS, those with
FH were more likely to be carriers (59.3%; 2598/4,379) than those
without FH (55.4%; 40,623/73,345). However, the 274-gene panel
was more likely to identify carriers with FH (67.6%; 2236/3309) or
without FH (65.0%; 35,745/55,018) than the 27-gene panel (33.8%;
362/1,070 and 26.6%; 4,878/18,327, respectively). Interestingly,
patients without FH were more likely to be carriers of variants in a
single gene (34.3%; 18,862/55,018) than patients with FH (31.9%;
1055/3309) (p < 0.05).

Conclusion: In this cohort, FH was associated with an increased
positive rate. However, the expanded panel was better at identi-
fying carriers than the targeted panel regardless of FH, and was
more effective at identifying variants in a single gene without FH.
Taken together, these results indicate that the use of expanded CS
is more effective than targeted CS.
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EP01.003 Chromosomal heteromorphisms as a risk factor for
reproductive failure

Mariya Levkova'?, Maria Tsvetkova'?, Tsanka Ruseva®, Mari

Hachmeriyan'?, Milena Stoyanova'?, Valentina Miteva’?, Dinnar
Yahya™?, Lyudmila Angelova’

"Medical University Varna, Medical genetics, Varna, Bulgaria;
2University Hospital St Marina Varna, Laboratory of Medical genetics,
Varna, Bulgaria.

Background/Objectives: Chromosomal heteromorphisms are nor-
mal variations, which could be detected at specific chromosomal
regions. Despite being considered normal findings, it is possible that
these heteromorphisms are associated with reproductive failure (RF).

Methods: A total of 661 women with unexplained RF (primary
infertility and recurrent miscarriages) and 139 female control
subjects, who had at least one child, were investigated by con-
ventional cytogenetic analysis. GTG differential banding technique
was applied, and approximately 10 metaphases were analyzed per
patient. A t-test was performed.

Results: Mean age of the patients with RF was 33.00 years, and
of the control subjects—29.95 years. 61 (9.38%) of the case sub-
jects had a chromosomal heteromorphism, and of the control
subjects—seven (5.03%). The distribution of the chromosomal
heteromorphisms between the two groups showed a statistically
significant difference (p < 0.05).

The most common heteromorphism among the women with
RF was 21ps+ - 12 (19.67%), followed by inv(9)(gh) — 11 (18.03%),
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16gh+ - 10 (16.39%), 9gh+ - 7 (11.47%), 22ps+ - 7 (11.47%). The
rest of the polymorphisms involved the heterochromatin of
chromosomes 1, 13, 14, and 15. For the control group, 21ps+ was
also the most common polymorphism - 3 (42.86%), followed by
9gh+ - 2 (28.57%). There was one inv(9)(gh) and one 1gh+.

Conclusion: Our results showed a statistically significant differ-
ence between the distribution of chromosomal heteromorphisms
among the two groups. These chromosomal heteromorphisms
could be considered a risk factor for reproductive failure. This
illustrates the importance of cytogenetic analysis in the investiga-
tion of patients with infertility.

References: Not applicable.

Grants: Not applicable.

Conflict of Interest: None declared.

EP01.004 Development of a nationwide study to identify
monogenic causes of female idiopathic reproductive failure

Anu Valkna', Kristiina Rull'*>, Ulle Jakovlev®, Laura Kasak', Maris Laan’

7University of Tartu, Institute of Biomedicine and Translational
Medicine, Tartu, Estonia; “Tartu University Hospital, Women’s Clinic,
Tartu, Estonia; 3University of Tartu, Institute of Clinical Medicine,
Tartu, Estonia; *East-Tallinn Central Hospital, Centre of Endocrinol-
ogy, Clinic of Internal Medicine, Tallinn, Estonia.

Background/Objectives: In Europe, the mean maternal age at the
time of childbirth has increased and the proportion of women
experiencing reproductive failure is growing. Premature ovarian
insufficiency (POI) refers to menopause before the age of 40 due
to diminished ovarian reserve. Often, recurrent miscarriages (RM)
represent a prelude to POI due to possible overlapping molecular
etiologies1. Although rather common conditions (~1% of women),
knowledge on (mono)genic causes of POI/RM is limited, hindering
patient management.

Methods: We aim to develop a nationwide cohort of idiopathic
POl and RM cases to be systematically analyzed for genetic causes,
using exome sequencing of patients and their affected family
members. Inclusion criteria follow international guidelines: meno-
pause <40 yrs/3 or more miscarriages; anamnesis, family history,
questionnaire, relevant laboratory findings (e.g. FSH > 25 1U/l).

Results: The study pipeline to recruit idiopathic POI/RM
patients has been developed at the Women’s Clinics of Tartu
University Hospital and East-Tallinn Central Hospital. Additional
affected cases were identified from the Estonian Biobank (EstBB)
database. From 768 EstBB participants with the ICD-10 diagnosis
of POI, only 21 fit our stringent study criteria.

Conclusion: Research of idiopathic POl and RM is challenged
due to insufficient clinical data to distinguish genetic vs non-
genetic causes, and highly intimate nature of these conditions.
Genetic research is alerted as timely counselling of women with
high risk to POI/RM will have immediate impact to their repro-
ductive decision making.

References: 1. Dean et al. (2018) J Assist Reprod Genet
35:2121-8.
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EP01.005 Aberrant hypomethylation of imprinted
differentially methylated regions is involved in biparental
placental mesenchymal dysplasia

Saori Aoki'?, Ken Higashimoto’, Hidenori Hidaka', Yasufumi
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"Faculty of Medicine, Saga University, Department of Biomolecular
Sciences, Saga, Japan; 2Faculz‘y of Life Sciences, Kumamoto
University, Department of Obstetrics and Gynecology, Kumamoto,
Japan; 3Faculty of Medicine, Saga University, Department of
Pediatrics, Saga, Japan; “Faculty of Medicine, Saga University,
Department of Pathology and Microbiology, Saga, Japan; *Nagasaki
University Graduate School of Biomedical Sciences, Department of
Human Genetics, Nagasaki, Japan; °National Research Institute for
Child Health and Development, Department of Maternal-Fetal
Biology, Tokyo, Japan.

Background/Objectives: Placental mesenchymal dysplasia (PMD)
is often associated with androgenetic/biparental mosaicism (ABM),
and is frequently complicated by Beckwith-Wiedemann syn-
drome. These phenomena suggest an association between PMD
and aberrant genomic imprinting, likely involving CDKN1C and
IGF2. Another type of PMD involving the biparental genome has
also been reported. However, the frequency and etiology of
biparental PMD are still not fully understood.

Methods: Twenty-five macroscopic PMD specimens were
genotyped by DNA microarray or short tandem repeat analysis.
DNA methylation analysis using bisulfite pyrosequencing was
performed on 15 placenta-specific imprinted differentially
methylated regions (DMRs) and 36 ubiquitous imprinted DMRs.
Allelic expression of imprinted genes was examined by RT-PCR
using single nucleotide polymorphisms. Whole exome sequencing
(WES) was performed on four biparental PMD specimens.

Results: Genotyping revealed that approximately 30% of mac-
roscopic PMD specimens were biparental, while the rest exhibited
ABM. DNA methylation of most DMRs in PMD specimens with ABM
displayed the paternal epigenotype. Importantly, biparental PMD
specimens exhibited aberrant hypomethylation at six placenta-
specific DMRs. Five imprinted genes associated with these DMRs
were biallelically expressed. Aberrant hypomethylation was also
observed at eight ubiquitous DMRs, including GRB10, but not ICR1 or
ICR2, which regulate the expression of IGF2 and CDKN1C, respec-
tively. WES did not reveal any pathological genetic abnormalities.

Conclusion: Our data clarify the prevalence of biparental PMD
and ABM-related PMD. The results strongly implicate that the
hypomethylation of DMRs, including placenta-specific DMRs and
GRB10, but not ICR1 or ICR2, plays a role in the pathogenesis of
biparental PMD.

References:

Grants: JSPS, AMED, MHLW.

Conflict of Interest: None declared.

EP01.006 Different IVF culture media do not affect the
methylome of IVF children

Rebekka Koeck?, Jorg Tost’, Florence Busato®, Dimitri Consten®,
Jannie van Echten-Arends®, Sebastiaan Mastenbroek® Yvonne
Wurth®, Heleen Zandstra?, Ron van Golde?, John Dumoulin?, Han
Brunner®”, Aafke van Montfoort?, Masoud Zamani Esteki'

'Maastricht University, Maastricht, Netherlands; Academic Hospital
Maastricht, Maastricht, Netherlands; >CEA - centre National de
Recherche en Genomique Humaine, Evry, France; *St. Elisabeth-
TweeSteden Hospital, Tilburg, Netherlands; >*University Medical
Center Groningen, Groningen, Netherlands; SAmsterdam UMC,
Amsterdam, Netherlands; ’Radboud University Medical Center,
Nijmegen, Netherlands.

Background/Objectives: A growing number of children born are
conceived through in vitro fertilization (IVF) procedures that have
been linked to increased risks of adverse perinatal outcomes and
altered growth profiles in the resultant children. These outcomes
are also influenced by the media used for embryo culture and this
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effect is hypothesized to be mediated epigenetically, e.g. through
DNA methylation. Therefore, we investigated the methylome in
IVF offspring who underwent embryo culture in different media.

Methods: We profiled the umbilical cord blood (UCB) methy-
lome of 106 IVF-neonates cultured in G5 or HTF, and the saliva
methylome of 120 9-year-old IVF children, cultured in G3 or K-
SICM, using the Infinium Human Methylation EPIC BeadChip.
Analyses were carried out separately on UCB and saliva samples
using empirical Bayes moderated mixed effects linear models
adjusted for potential confounders. Methylation outliers represent
values more than three interquartile ranges from the upper or
lower quartiles.

Results: In both comparisons (UCB and saliva) we identified no
significant methylation differences between the culture medium
groups in terms of: (i) systematic differences at single CpG sites or
regions, (ii) imprinted sites/genes or birth weight associated sites,
(iii) stochastic differences presenting as DNA methylation outliers
or differentially variable sites, and (iv) epigenetic gestational age
acceleration (UCB samples only).

Conclusion: The IVF culture media investigated did not lead to
methylome difference in the resultant neonates/children, sug-
gesting that any culture medium induced epigenetic alterations
resolve prenatally. To investigate environmental-epigenetic inter-
actions occurring earlier during human development, epigenetic
profiling of preimplantation embryos is required.

References:

Grants: March of Dimes (6-FY13-153).

Conflict of Interest: None declared.

EP01.007 Mosaic runs of homozygosity in first trimester
spontaneous abortions with normal karyotype

Gleb Drozdov', Igor Lebedev’, Tatyana Nikitina', Anna Kashevar-
ova', Elizaveta Fonova', Ekaterina Tolmacheva’, Elena Sazhenova’

"Tomsk National Research Medical Center of Russian Academy of
Sciences, Research Institute of Medical Genetics, Tomsk, Russian
Federation.

Background/Objectives: Runs of homozygosity (ROH) are con-
sidered as pathogenic factor for human health. It's deleterious effect
can be realized through the homozygotization of recessive mutations
or imprinting disorders, highlighting the need to map such regions.
Given the high frequency of mosaicism in embryos and the limita-
tions of aCGH in detecting it, we decided to analyze different tissues
of embryonic and extraembryonic origin, including parental samples.

Methods: Eleven trios (mother, father, SA) were investigated by
SurePrint G3 Human CGH+SNP 4 x 180K microarrays (Agilent
Technologies, USA). Euploid placental tissues were separated into
chorionic villi (CV) and extraembryonic mesoderm (EM).

Results: Twenty-four ROHs were found in 10 samples. Seven-
teen ROHs were present in both tissues, while two were confined
to CV (5q14.3, 8p23.3-23.1) and five to EM (4g28.2-28.3, 8q11.21-
q11.23, 8924.11-924.12, 18q12.3, 18912.1-12.2). Since none of the
ROHs were inherited, we hypothesized that they resulted from a
combination of identical parental haplotypes. SNP-analysis
showed no uniparental disomy within homozygous regions. We
hypothesize that a trisomy rescue could have occurred before
divergence of embryonic and extraembryonic lineages. As a result,
in one cell lineage a chromosome with a different haplotype was
lost leading to ROH, and in another a chromosome with the same
haplotype was lost keeping heterozygosity within the region.
Therefore, ROH would be found in one tissue and heterozygosity
of the same region in another.

Conclusion: This study highlights the underestimated level of
mosaic ROHs in abnormal human reproduction.

References: non.
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EP01.008 A significant drop in sperm DNA fragmentation in a
complete teratozoospermic patient post smoking cessation
and its impact on ART outcome: case report

Dina Faris'?, Suher Zada', Mohamed Faris®

"The American University in Cairo, cairo, Egypt; ?Dr Faris Medical
Center, cairo, Egypt.

Background/Objectives: We assessed Sperm DNA Fragmentation
in patients with 100% abnormal sperm morphology and its cor-
relation with live birth rate post Intracytoplasmic Sperm Injection.
One of our initial cases did not conceive after treatment. During
his first visit, we advised him to quit smoking in addition to a
previous treatment that included oral antioxidant was already
being administrated. After three months of this combined
approach, Sperm DNA fragmentation and semen parameters were
re-evaluated. A second round of ICSI was performed that resulted
in a healthy live birth. We are reporting this finding as a case
report.

Methods: We evaluated the Sperm DNA fragmentation using
sperm chromatin dispersion test and sperm structure using
MSOME test prior the second round of Intracytoplasmic Sperm
Injection.

Results: Sperm DNA fragmentation dropped after smoking
cessation from 49% to 29%. Abnormal sperm morphology chan-
ged from complete teratozoospermia (100%) to severe ter-
atozoospermia (97%). A live birth was achieved.

Conclusion: Although routine Sperm DNA fragmentation
testing is not yet recommended in clinical practice, we concluded
that it is of critical value in complete teratozoospermia patients. A
combined approach of antioxidants and life style changes has a
significant impact on sperm morphology, sperm DNA integrity
and live birth post Intracytoplasmic Sperm Injection.

References:

Grants:

Conflict of Interest: None declared.

EP01.009 FOXL2 gene deletion in a patient from Assisted
Reproduction Unit detected by the a-CGH technique

Maria Luz Bellido', Teresa De Haro?, Maria del Mar del Aquila®,
Antonio Miguel Poyatos-Anddjar’

"Hospital Virgen de las Nieves, Unidad de Genética, Granada, Spain;
2Hospital Universitario San Cecilio, Servicio de Andlisis Clinicos.,
Granada, Spain; 3Hospital Virgen de las Nieves, Granada, Spain.

Background/Objectives: Assisted reproduction guidelines con-
sider the genetic evaluation of patients with reproductive diffi-
culties by karyotyping, however, after a first evaluation of other
techniques in patients with striking characteristics, a-CGH can be a
technique of great value. We present the case of a 19-year-old
woman with primary infertility of 5 years of evolution, with low
ovarian reserve detected by transvaginal ultrasound and bio-
chemical determination for AMH of 0.94 ng/ml (0.96-13.34 ng/ml).

Methods: GTG-banding karyotype was performed according to
standard protocols. Twenty metaphases chromosomes were
examined. PCR screening of CGG repeats in FMR1 gene. Array-CGH
analysis was performed by a CGXTM HD v1,1 4-plex array 180k
(PerkinElmer), with an average resolution of 40 kb in the backbone
and 20 kb in the regions of interest.
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Results: Karyotype result: female, 46,XX. CGG repeats in FMR1
gene normal profile. A-CGH: arr[GRCh37] 3q22.3(1386626
57_138665307)x1; 2.65 kb deletion in chromosomal region 3q22.3
that includes the FOXL2 gene described as crucial in ovarian
development. Mutations in this gene, such as truncating muta-
tions, have been associated with female infertility with an auto-
somal dominant inheritance pattern.

Conclusion: a-CGH can be considered as a screening techni-
que for genome analysis in patients whose gynaecological and
biochemical parameters may indicate the presence of genetic
factors not assessed by karyotyping and can assist patients and
physicians in making more appropriate and effective reproductive
decisions.
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EP01.010 A novel heterozygous variant in the DNA binding
DM domain of the DMRT1 associated with Sertoli cell-only
syndrome

Tihana Maric’, Antun Barisi, Mark W Murphy®, Monika Logara
Klari¢*, Lucija Zuni¢®, Ana Merkler’, Davor Jezek', Oliver Vugrek®,
Robert Beluzic®, Branimir Bertosa®, Ana Katusi¢ Bojanac', Maja
Barbali¢*”

"School of Medicine, University of Zagreb, Zagreb, Croatia; *Faculty
of Science, University of Zagreb, Department of Chemistry, Zagreb,
Croatia; 3University of Minnesota, Department of Genetics, Cell
Biology, and Development, Minneapolis, United States; *Genom Ltd,
Zagreb, Croatia; s University Hospital Centre Zagreb, Zagreb, Croatia;
SRuder Boskovi¢, Zagreb, Croatia; ’University of Split, School of
Medicine, Department of Medical Biology, Split, Croatia.

Background/Objectives: Sertoli cell-only syndrome (SCOS) is the
most severe form of male infertility accompanied by complete
spermatogenic failure. It may arise as a consequence of genetic
abnormalities, especially if detected in the family. The aim of this
study was to determine the potential genetic cause of infertility in
two SCOS brothers that had no common infertility-related genetic
abnormalities.

Methods: Two brothers were subjected to testicular biopsy
and diagnosed with SCOS. DNA was isolated from the peripheral
blood and whole-exome sequencing was performed. Variants
were called, annotated, while those variants with a frequency
higher than 1% in databases, intron, and synonymous were
removed. The remaining variants were assessed by the Exomiser
software and researched in literature. Selected variants
were confirmed in brothers and their parents by Sanger
sequencing.

Results: A novel heterozygous missense variant was found
and confirmed in the DNA binding DM domain of the DMRT1
gene (p.Pro74Leu; chr9:9.842059C>T) shared by brothers. Their
mother was heterozygous for the same variant, while the father
was not.

Conclusion: The DMRT1 gene is already associated in the lit-
erature with gonadal dysgenesis and male infertility. However, the
novel P74L variant shared by the brothers is the first one reported
in a familial case of male infertility and in the DM domain that
directly interacts with the DNA.

References: Murphy MW, Lee JK, Rojo S, Gearhart MD, Kur-
ahashi K, Banerjee S, et al. An ancient protein-DNA interaction
underlying metazoan sex determination. Nature structural &
molecular biology. 2015;22(6):442-51.
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EP01.013 Validation analysis of a non-invasive pre-
implantation genetic test for aneuploidy (niPGT-A)

Michaela Blankenburg', Joanna Stefaniak®, Matthias Bloechle?,
Markus Stumm’

"Medicover Genetics GmbH, Zytogenomik, Berlin, Germany; *Kinder-
wunschzentrum Berlin, Berlin, Germany; 3Medicover Genetics GmbH,
Berlin, Germany.

Background/Objectives: Invasive techniques as polar body-,
blastomer-, trophectodermbiopsy or blastocentesis are used in
preimplantation genetic diagnosis to obtain embryonic DNA. The
finding of cell-free embryonic DNA (cfDNA) in culture media
samples from blastocysts (BCM) opened new possibilities, since
invasive interventions on the embryo could be avoided and false
findings due to mosaic constellation could be reduced.

Methods: Non-invasive PGT-A test based on MALBAC
amplification, Analyses of 1.10 genomic DNAs with known
complete and partial aneuploidies diluted to single cell level, 2.5
prenatal samples from native amniotic fluid supernatants, 3.20
BCM samples.

Results: In genomic DNAs as well as in amniotic fluid super-
natants all aberrations could be confirmed. The concordance rate
was 100%. In the analysis of BCM, the cfDNA showed a complete /
partial concordance rate of ~88% with regard to the aberrant
chromosomes to the corresponding DNA from biopsied TE cells.

Conclusion: The technical and analytical reliability of the
analysis platform, kit and software have been tested. In the first
analyses (genomic DNA and amniotic fluid), all aberrations could
be reliably detected. The final aim was to determine the efficiency
and concordance rate between the ¢fDNA from BCM samples and
the DNA from TE cell biopsies of the same embryo. Our analyses
results show a high level of concordance in comparison to results
of TE analysis with regard to the affected chromosomes. niPGT-A is
a promising new method for non-invasive aneuploidy screening in
the context of artificial reproductive treatment.

References:
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EP01.015 Telomere length in spermatogenic cells from
azoospermic patients is characterized by intercellular, but not
interindividual variability

Mikhail Krapivin', Olga Efimova’, Yanina Sagurova’, Irina Aleksan-
drova?, Irina Mekina’, Evgeniia Komarova', Aleksandr Gzgzyan', Igor
Kogan', Anna Pendina’

'D.0. Ott Research Institute of Obstetrics, Gynecology and Repro-
ductology, Saint-Petersburg, Russian Federation; 2Saint-Petersburg
State University, Saint-Petersburg, Russian Federation.

Background/Objectives: To analyze the intercellular and inter-
individual variability of telomere lengths (TLs) in the chromosomes
from human spermatogenic cells: mitotic spermatogonia and
meiotic spermatocyte | at the diplotene/diakinesis stage.
Methods: Testicular samples were obtained by open biopsy
from 22 azoospermic patients aged 24-60 years, mean 38.5. TLs
were measured in the chromosomes from 353 mitotic spermato-
gonia and 281 meiotic spermatocytes | at the diplotene/diakinesis
stage. For chromosome preparations, testicular tissues were trea-
ted with colchicines, hypotonic solution and then fixed on the
glass slides. TLs were assessed using quantitative fluorescence
in situ hybridization (Q-FISH) as relative values: by dividing the
telomeric fluorescence by the subtelomeric fluorescence
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measured in ImageJ 1.51. Intercellular variability was estimated as
the fold change between the TL measured in each spermatogo-
nia/spermatocyte and the mean TL value across all of the studied
spermatogonia/spermatocytes of an individual. Interindividual
variability was estimated as the fold change between the mean TL
in all of the studied spermatogonia/spermatocytes of every indi-
vidual and the mean TL in the whole group of patients (22
individuals).

Results: Intercellular TL variability both among spermatogonia
and among spermatocytes | significantly exceeded interindividual
variability (p = 0.03 and p = 0.01, respectively, Mann-Whitney U-test).

Conclusion: High intercellular TL variability both among sper-
matogonia and spermatocyte | could be explained by spermato-
genic stem cell generations with different TLs in each testis. These
cells differentiate and give rise to spermatozoa with different TLs.
Spermatozoa with different TLs, in turn, could contribute to
developmental potential of embryos.
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EP01.016 Immunological incompatibility of a married couple
as a cause of repeated abortions
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Background/Objectives: Intricate KIR-HLA interactions occur
between maternal NK cells and fetal extravillous trophoblasts in the
decidua and are key for maintaining tolerance to the fetus,
implantation and placentation. We assume that the immunological
incompatibility of a married couple with KIR/HLAC genes leads to
implantation and fetal development disorders. The aim of this study
was to perform KIR/HLA-C genotyping to determine “good” com-
patibility between uterine KIR receptors and embryonic HLA-C.

Methods: KIR/HLA-C genotyping was performed by SSP-PCR.
The experimental group consisted of 117 couples with =2 con-
secutive miscarriages and/or unsuccessful IVF.

Results: The spectrum of KIR genes was analyzed and the
frequency of KIR genotypes in women with recurrent spontaneous
abortion (RSA) was established. The AB genotype is the most
common (70.09%), the AA genotype was established in 33 women
out of 117 surveyed (28.21%), and the BB genotype was estab-
lished in 1.71% women. HLAC genotyping of couples with RSA
showed the C2/C2 genotype of the HLAC gene in 17.95% of
women, 20.51% of men and 33.33% of embryos. According to the
results of KIR-HLAC analysis of genotyping of couples with RSA, a
significant risk of reproductive losses of immunological origin was
found in 52.99% of cases.

Conclusion: The immunological incompatibility of the couple
affects reproductive processes and causes recurrent miscarriages
and KIR-HLAC genotyping is allows to assess the risks of the
embryo being rejected by the maternal immune system.
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EP01.017 Title: Mosaic mutation in androgen receptor gene in
a patient with partial androgen insensitivity syndrome

Mohammed Almatrafi’, Zohor Azher’, abdulaziz baazeem?®, Abdul-
latif Almarashi*

"umm Al Qura University, makkah, Saudi Arabia; “umm AlQura
University, medical genetics, makkah, Saudi Arabia; 3Umm AlQura
University, surgery, makkah, Saudi Arabia; *health affairs of jeddah
province, jeddah, Saudi Arabia.

Background/Objectives: Androgen insensitivity syndrome (AIS)
is the most frequent etiology of 46, XY disorders of sex devel-
opment (DSDs). It is characterized by evidence of feminization
of the external genitalia at birth, abnormal secondary sexual
development in puberty, and male infertility. AIS patients clas-
sified into complete, partial, and mild forms. It is caused by
hemizygous pathogenic variant in Androgen receptor gene (AR).

There are more than 500 different AR gene allelic variants
reported to be linked to AlS, but the mosaic mutations have been
rarely identified.

Here, we describe the clinical and molecular features of male
patient presented with Partial androgen insensitivity syndrome.

Methods: A 36-year-old male presented with primary infertility,
sever oligospermia, bilateral gynecomastia, decreased body hair
distribution, normal male external genitalia except for hypospa-
dias. Whole exome sequencing with deletion/duplication analysis
was performed.

Results: hemizygous likely pathogenic variant c.649del was
found in AR gene with significantly reduced allele ratio compared
with a normal hemizygous allele in male. This result is consistent
with mosaicism in this patient.

Conclusion: AIS with AR gene sequencing can be considered
in male patients with infertility. Mosaic mutations in AR are rare
and their detection is still a great technical challenge. WES offer an
opportunity to detect lower levels of mosaicism more readily than
other traditional methods. This will improve the clinical manage-
ment, and counselling.

References: 1. Singh S, llyayeva S. Androgen Insensitivity
Syndrome. StatPearls [Internet]. 2021.

2. Androgen insensitivity syndrome: MedlinePlus Genetics
[Internet].

3. Gottlieb B, Trifiro MA. Androgen Insensitivity Syndrome.
GeneReviews® [Internet]. 2017.
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Background/Objectives: Paucity of genetic counsellors led to the
development of the Digital Genetic Assistant (DGA) by Igentify. In
enables online enrolment, education and consent for expanded
carrier screening (ECS). Triaged low versus high-risk results are
returned by personalized videos. Usability of DGA was ascertained
for ECS.

Methods: Couples undergoing ThermoFisher CarrierScan® by
ECS (1487 variants, 357 genes) at Genetics Institutes of Tel-Aviv
and Sheba Centers from 12.2020 to 8.2021 utilizing DGA were
included. Comprehension was assessed by interactive questions,
followed by online consent. Results of the DGA algorithm were
approved or rejected by the medical team. Low risk couples
without mutations in the same gene received an personalized
video and report, while high risk participants, carriers of a muta-
tion in the same gene or x-linked conditions, underwent a face-to-
face (F2F) counselling.

Results: 197 couples underwent ECS via DGA. Eight high-risk
couples (4%) underwent F2F counselling. Of the low-risk couples
(189, 96%), 46 (23%) did not carry any mutation. DGA saved tra-
ditional F2F or telephonic counselling in 143 (73%) of couples that
were not carriers of a mutation in the same gene.

An online survey provided feedback, completed by either one
or both partners in 136 couples (69%). The consent video was
clear for 91% of responders and 95% of felt comfortable receiving
their results this way and were satisfied (88%) with the DGA.

Conclusion: Digitalized platform saved 72.6% of F2F interac-
tions. Understanding and Satisfaction were high. This platform may
be utilized to facilitate accessibility for further genetic services.
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EP01.019 The ability of human oocytes to develop into
blastocysts depends on telomere length and TERT content in
cumulus cells

Irina Aleksandrova', Mikhail Krapivin®>, Olga Efimova® Irina
Mekina?®, Evgeniia Komarova?, Mariia Ishchuk®, Aleksandr Gzgzyan?,
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Background/Objectives: The present study has examined whe-
ther the ability of human oocytes to undergo preimplantation
development depends on the content of catalytic telomerase
subunit (TERT) and telomere length (TL) in cumulus cells.

Methods: The studied sample included cumulus cells obtained
from 32 oocyte-cumulus complexes retrieved from 31 patients in
IVF cycles. TERT content and TLs were measured in 32-50 cumulus
cells from each studied oocyte-cumulus complex using immuno-
histochemistry with specific antibodies, and Q-FISH, respectively. A
total of 1342 cumulus cells were analyzed.

The oocytes from the studied oocyte-cumulus complexes were
fertilized using standard IVF procedures and then were cultured
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individually. The oocytes were divided into two groups: the first
group included oocytes that developed to the blastocyst stage
and the second group included those that demonstrated devel-
opmental arrest. The TERT content and TLs were compared
between the cumulus cells of the oocytes from two groups.

Results: Both TERT content and TLs were significantly higher in
cumulus cells of oocytes that were able to develop into blastocysts
compared to those of the arrested ones (Mann-Whitney U test,
p=0.0052 and p =0.0058, respectively). TERT content and TLs
correlated positively in cumulus cells (r=0.4577).

Conclusion: The ability of human oocytes to develop into
blastocysts depends on TERT content and TLs in cumulus cells.
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Background/Objectives: Repetitions of trinucleotide “CGG” in
FMR1 gene account for diseases such as Fragile-X syndrome (FXS),
Fragile-X Tremor Ataxia Syndrome (FXTAS), Fragile-X associated
primary ovarian insufficiency (FXPOI) & diminished ovarian reser-
ve(FXDOR), intellectual disability, subfertility or infertility. In this
study, we aim to make retrospective reviews on FMR1 mutation in
female patients forwarded to our clinic for genetic analysis
between 2014 & 2021.

Methods: PCR based fragment analysis of genomic DNA from a
total of 401 patients’ blood samples was performed. Resulting
data and collected clinical information were matched.

Results: Only 3 patients with prediagnosis of FXPOI & FXDOR,
out of 64, was identified with premutations in FMR1 gene (%4.7)
with no full mutation found. These patients were %20 of the total
amount(15) of patients with premutation.

1 patient out of 28 with prediagnosis of FXTAS was found to
carry premutation (%3.6).

13 of patients with developmental delay out of 138 (%9.4),
were carrying mutations, 9 full mutation(%6.5), 3 intermediate
form(%2.1), 1 grey zone(%0.7).

Abnormal chromosomal analysis results were found in 2 of the
patients prediagnosed with FXPOI (47, XXX & 46,X,del(X)(q26)).
Noting that 88 out of 203 patients with FMR1 associated disorders
prediagnosis’ weren't forwarded to cytogenetics evaluations.

Conclusion: Female patients reported with POl & DOR must be
evaluated for mutations in FMR1 gene. We suggest the cut-off
limits for repeat size length responsible for FXPOI & FXDOR should
be further investigated as they might show differences from FXS
and FXTAS. Cytogenetic testing shouldnt be neglected with
patients of FMR1 associated prediagnosis.
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Background/Objectives: One of the causes of hyperandrogenism
in women of reproductive age is a non-classical form of congenital
adrenal hyperplasia (NC CAH). NC diagnosis presents difficulties
due to the absence of specific clinical manifestations.To determine
the significance of the using CYP21A2 gene analysis of the in
women with symptoms of hyperandrogenism.

Methods: DNA from 82 patients with hyperandrogenism and
43 controls was analyzed for the presence of pathogenic variants
in the CYP21A2 gene using the PCR-RFLP, NGS, real-time PCR.

Results: The compound mutations were identified in five
patients (6%), and the diagnosis of NC was confirmed. Hetero-
zygous carriage of pathogenic variants was revealed in 28 patients
(34%). Both “heavy” and “light” variants are identified. Deviations of
the CYP21A2 gene genotype from the “wild” type were detected in
40% of patients. The 2 substitutions of unknown significance were
also identified. In controls the heterozygous pathogenic variants
were detected in two patients (4.5%). The frequency of pathogenic
variants in patients’ groups with infertility, miscarriage and without
them was almost the same (45%, 37%, and 37.5%, respectively).

Conclusion: The frequency of pathogenic variants in the CYP21A2
gene is significantly higher in individuals with hyperandrogenism
compared to controls. This fact requires a personalized approach to
therapy and further examination of spouses at the planning stage of
pregnancy for estimation of the risk of CAH in the child.
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Background/Objectives: In the last decade in Russia, the general
trend is the expansion of the geography of reproductive centers
and the growing of services Assisted Reproductive Technologies.
However, the use of ART cannot prevent giving birth to ill children
automatically. In our region we know 2 cases of this sad scenario
at least: a child with cystic fibrosis and a child with phenylk-
etonuria were born after ART. Since 2022 we have been ready to
propose for future parents a carrier testing for severe inherited
pathology as an optimal solution.

Methods: By our research, we plan to test 1000 Ural family
couples for spinal muscular atrophy (SMA)-carrier by multiplex
ligase amplification probes and carrier some monogenic diseases
by next generation sequencing (NGS).
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Results: We have the first 200 samples of DNA. It is couples who
came for preconception genetic consultation and have karyotype
normal. Our actual genetic map of reproductive health includes 52
genes associated with known inherited diseases, among them are
CFTR, PAH, SMN1, GALT, LAMA2, MMUT, BTD, and others.

Conclusion: The widespread introduction of such a genetic
map into medical practice can be of decisive importance in
reducing child and infant disability and mortality in the region, in
the long term - restoring the demographic balance of the popu-
lation of the Middle Urals.
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Background/Objectives: Cytogenetic aberrations are well-
established causes for male infertility. Besides aberrations of sex
chromosomes, structural autosomal aberrations are associated
with infertility, i.e. low sperm counts. Meiosis in translocation
carriers results in chromosomally normal/balanced or unbalanced
gametes. There is evidence that presence of translocations impairs
spermatogenetic/meiotic processes. However, studies on sper-
matogenic progression in translocation carriers are scarce.

Methods: In order to investigate associations between cyto-
genetic aberrations and spermatogenesis status, we retro-
spectively analysed 4663 males from one fertility centre and
assessed cytogenetics, semen parameters, and testicular histology.

Results: We found cytogenetic aberrations in 9.3% (432/4663)
with 1.3% (60/4663) being structural autosomal aberrations. Car-
riers of reciprocal translocations (RT, n=28) and Robertsonian
translocations (ROB, n=15) showed large variation in sperm
counts, ranging from normozoospermia to azoospermia. Testicular
histology in azoospermic patients with RT (n =5) and ROB (n = 2)
revealed marked differences in spermatogenic progression. We
observed that some RT and ROB carriers showed meiotic arrest in
most seminiferous tubules and a smaller proportion with full
spermatogenesis. Interestingly, in other carriers with the same
aberration type, we found in the majority of seminiferous tubules
a complete absence of germ cells. To exclude further genetic
causes for the spermatogenic failure in translocation carriers, we
currently perform exome sequencing.

Conclusion: Translocation carriers, even of the same aberration,
i.e. the common der(13;14)(q10;q10), show large variation in sperm
counts and spermatogenic progression. Whether additional genetic
variants influence the testicular phenotype, remains to be elucidated.
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Background/Objectives: Alternative splicing (AS) is crucial for the
regulation of human genes expression. Global screening for
changes in AS has not been previously carried in the placental
cells despite a comprehensive analysis of pre-mRNA AS in many
human tissues and cells in normal and pathological conditions.
The decidual stromal cells (DSCs) play a key role in maintaining
the function of placenta during human pregnancy. The aim of this
study was to investigate genes and isoforms involved in func-
tioning of the human DSCs during uncomplicated pregnancies.

Methods: We applied deep RNA sequencing of DSCs obtained
by Laser capture microdissection. AS events are identified in
existing genome annotations using the R-package “SGSeq”.

Results: Analyses of AS isoforms detected 151233 isoforms in
DSCs. 373 genes with two or more transcripts have been identi-
fied. Of these, 130 genes meet criteria (CPM > 10; the proportion
of transcript ranges from 0.5 to 0.95). GO enrichment analysis
revealed that these genes are associated with canonical wnt-
signaling pathway, regulation of substrate-dependent cell migra-
tion, mRNA splicing, stem cell proliferation. The network of gene
interactions revealed a cluster of co-expression of 24 genes. The
CTNNBI, EIF4A2, EIFAG1, EIF4G2, FLNA, FN1, HNRPA2B1, HNRNPH1,
HNRNPK, HNRNPU, RBFOX2, RBM25 and SRSF5 genes are central in
the network with the largest number of interactions. A maximum
of 10 of alternative transcripts corresponds to the FN1 gene.

Conclusion: Obtained data confirm the importance of AS in
DSCs, which significantly increases transcriptional diversity and
plays a key role in regulatory functions.
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Background/Objectives: Infertility affects 10-15% of all couples,
and although frequently suspected, underlying genetic causes
often remain unidentified. Recently, Mcmdc2, a minichromosome
maintenance (MCM) paralog, was published in the context of
murine sterility and meiotic arrest. Members of the MCM family
are important for DNA replication, repair, and meiotic recombi-
nation, which suggests that this also applies to human MCMDC2.

Methods: Whole exome sequencing data from the MERGE
cohort of >1600 men, mostly affected by azoospermia and infer-
tility, was screened for bi-allelic rare (MAF <1%, gnomAD) coding
variants in MCMDC2.

Results: Two azoospermic, otherwise healthy men from non-
consanguineous parents were identified with bi-allelic, loss-of-
function variants in MCMDC2. Hormonal parameters (FSH, LH,
testosterone) and testicular volumes were within reference ranges
for M1226, who carried two compound heterozygous frameshift
variants inherited from each parent. His fertile sister was wildtype
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for both variants. M1762 was homozygous for a stop-gain variant
likely disturbing the MCM family domain. His parents were het-
erozygous carriers. Decreased testosterone and increased FSH
levels indicate testicular disturbance, accordingly, M1762’s histol-
ogy revealed meiotic arrest on spermatocyte level, with apoptotic
spermatocytes and occasional round spermatids; testicular sperm
extraction (TESE) was negative.

Conclusion: This is the first report of recessively inherited
MCMDC2 deficiency in the context of male infertility. The testicular
phenotype of meiotic arrest seen in mutation carriers is in
accordance with the phenotype observed in two independently
described infertile Mcmdc2 knockout mice and further supports a
function of MCMDC2 in meiosis.

References: PMID 27986806/27760146.
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genetic disease or syndrome
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Background/Objectives: According to the Islamic religion, Mos-
lem women are not permitted to terminate a pregnancy after the
first 120 days. Prenatal diagnosis tests are divided into screening
and invasive tests which are low risk for abortions. Consanguinity
is very common in Moslem society. Herein, we raised the question
as to whether a Moslem woman with a child afflicted with a
genetic disease, living at home, would perform more prenatal
tests and pregnancy terminations versus women with normal
children living at home.

Methods: 771 Moslem women participated in the study; 37.1%
had a child afflicted with a genetic disease; 62.9% did not; 52%
were city-dwellers and 48% lived in villages.

Results: Moslem women with an abnormal child afflicted with a
genetic disease living at home will undergo more prenatal tests
including invasive tests and will undergo more pregnancy termi-
nations (p < 0.001). More city-dwellers underwent different prenatal
tests and pregnancy terminations. Village-dwellers were more reli-
gious and counselled more by a religious authority. City-dwellers
received more emotional support from their husbands, family, and
friends. Non-invasive prenatal testing (NIPT) was performed in direct
correlation with a higher socioeconomic status and academic
education and was performed more in the cities (p < 0.001).

Conclusion: Families with a child afflicted with a genetic disease
received more genetic counseling. Families living in cities received
more genetic counselling. Women living in the villages were more
religious and abided with religious rulings. NIPT was performed more
in the cities due to higher economic status and academic education.
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Background/Objectives: Chromosome analysis by microarrays
(array CGH) is a high-resolution technology capable of detecting
microdeletions and microduplications throughout the genome
that are missed by conventional karyotyping. In the present study
we aimed to summarize the results of prenatal diagnosis by kar-
yotyping and chromosome microarray analysis to make a com-
parison and determine the frequency of aberrations in different
indications, which will allow us to create an algorithm for array
CGH analysis in prenatal diagnostics.

Methods: The study included 63 amniotic samples subjected
to conventional karyotyping and 145 prenatal samples for
microarray analysis.

Results: Pathogenic aberrations were found in 9.5% of kar-
yotyping cases, as 83.3% of them could be diagnosed by QF-PCR
for the most common aneuploidies (rapid aneuploid test - RAT).
Array CGH analysis revealed 23 pathogenic aberrations (15.75% of
cases after RAT). In 5 cases (21.7%) the size of the found aberra-
tions is below 1 Mbp, in 11 cases (47.8%) the size is between 1 and
6 Mbp. Seven of the pathogenic aberrations (30.4%) could be
diagnosed by karyotyping due to size over 10 Mbp—4.8% of all
samples. We found variants of unclear significance (VOUS) in 19%
of cases—between 8% and 28% in different indications.

Conclusion: Our results show that array CGH should be used after
the exclusion of common aneuploidies by QF-PCR and it increases the
diagnostic rate of karyotyping more than three times—15.75% vs
4.8%. The lowest was the diagnostic rate in isolated elevated nuchal
fold, and the highest—in a family history for disorder.

References:

Grants:

Conflict of Interest: None declared.

EP02.003 AnDDI-prenatome - the French national project of
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Background/Objectives: Etiological prenatal diagnosis (PD) of
congenital abnormalities is a real challenge since abnormal ultra-
sound signs are discovered in 5-10% of pregnancies. The large
deployment of exome/genome sequencing (ES/GS) appears as a
strong opportunity to improve PD but faces the difficulties of
returning diagnosis in a short turnaround time and interpreting
genomic data with incomplete clinical/imaging data. We present
the French multicentric AnDDI-prenatome study of prenatal trio-ES.

Methods: Rapid trio-ES (delay maximum 42 days) was per-
formed, in parallel or after array-CGH, in pregnancies (10-34 weeks
of gestation) with 2 ultrasound abnormalities. Only ACMG class 4
and 5 variants were considered for positive diagnosis.

Results: 19 different centers included 150 pregnancies. ES
was performed in first intention in 81/150 and after normal
array-CGH in 60/150. The median delay was 28 days for positive
diagnosis and 26 days for negative ones. The diagnostic rate was
of 42% in first intention and of 27% after normal array-CGH. The
concordance rate between ES and array-CGH was of 100% to
detect CNV. Altogether, a causal diagnosis was identified in 50/
150 foetuses, rising to 54/150 after VUS investigation. The
pregnancy management could have been modified in 79% of
the cases.

Conclusion: The AnDDI-prenatome study shows that prenatal
ES is feasible with acceptable turnaround in France, with a major
interest in pregnancy management. Despite prenatal incomplete
clinical/imaging data, its diagnostic yield appears similar to post-
natal ES. Its application on a larger scale, notably its impact on
healthcare system and organization, should now be carried to
consider its routine implementation.
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Background/Objectives: Cystic fibrosis is the most common
autosomal recessive disorder and prenatal screening has been
recommended (1). This study aimed to develop cell-based non-
invasive prenatal testing (NIPT) for cystic fibrosis using circulating
trophoblasts in maternal blood.
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Methods: Blood samples were collected from pregnant
women with either high risk for CF (group 1, N=38) or invasive
sampling performed for other reasons (group 2, N=21). Circu-
lating trophoblasts were enriched and isolated by FACS single cell
sorting. The cell origin was identified by DNA profiling using STR
analysis. Cystic fibrosis analysis for detection of 50 pathogenic
variants in CFTR was conducted by fragment analysis or next-
generation sequencing and the results were compared between
trophoblasts and invasive samples.

Results: Circulating trophoblast cells (range 1-5, median 4) were
tested from eight pregnancies at risk of cystic fibrosis in group 1.
The cell-based NIPT results were in concordance with the result of
invasive testing in seven cases but one cell-based NIPT gave an
inconclusive result. From the second group, an average of circu-
lating trophoblast cells (range 1-10, median 5) were tested from 21
pregnancies. Among these, two previously unidentified maternal
carriers of cystic fibrosis were found and all cell-based NIPT results
were in concordance with those of invasive testing for the 50 CFTR
variants. In one sample, no trophoblast cells were found.

Conclusion: This study provides a proof-of-concept for detec-
tion of cystic fibrosis using cell-based NIPT.

References: (1) ACOG, webpage accessed 9th Feb 2022,
https://www.acog.org/womens-health/faqs/cystic-fibrosis-
prenatal-screening-and-diagnosis.
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Background/Objectives: The ability of the combined first trimester
screening (cFTS) to identify Down syndrome pregnancies is well
established, but can cFTS for trisomy 21 predict the Down syndrome
phenotype? We aimed to investigate the potential association
between cFTS result and phenotype in Down syndrome.

Methods: We performed a register based cohort study
including all cases of trisomy 21 in Denmark during 2005-2018
diagnosed in pregnancy or before 13.5 years of age. We compared
screen negative (<1:300) and screen positive (=1:300) trisomy 21
cases with respect to phenotypic characteristics: congenital mal-
formations, anthropometry, and childhood morbidity.

Results: Of 2,167 trisomy 21 cases (pre- or postnatally detec-
ted), 1,672 (77%) were screen positive, 242 (11%) screen negative
and 253 (12%) not screened. Prenatally, more screen positive
cases had a recorded malformation (table); potentially due to
detection bias. In liveborn children, comparable proportions of
screen negative and positive cases had severe congenital heart
disease (CHD) and non-CHD malformations (table).

Screen positive, %
(95% ClI)

Screen negative, %
(95% ClI)
Prenatal CHD

28.6% (20.0-38.6%) 10.0% (6.2-14.9%)

Prenatal non-CHD
malformation

32.7% (23.5-42.7%) 9.5% (5.8-14.4%)
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Screen positive, %
(95% CI)

Screen negative, %
(95% CI)
Postnatal severe CHD

24.1% (15.4-34.7%) 20.5% (14.8-27.2%)

Postnatal non-CHD
malformation

8.4% (3.5-16.6%) 13.1% (8.5-19.0%)

Fetal and newborn anthropometry as well as duration of
childhood hospital admissions was similar among screen negative
and positive cases.

Conclusion: In a 14-year nationwide cohort, we did not
observe a consistent phenotypic difference between screen
negative and screen positive trisomy 21 cases.
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Background/Objectives: Arthrogryposis multiplex congenita
(AMCQ) is a phenotypic descriptor implying congenital contractures
in two or more body areas. Exome sequencing provides an
effective approach in elucidating the molecular basis, considering
the presence of genetic and phenotypic heterogeneity. We aimed
to identify the molecular etiology in undiagnosed fetuses within
the AMC spectrum, using exome sequencing.

Methods: 14 patients from ten families displaying AMC were
enrolled. Array-CGH analysis was performed in all fetuses, followed
by exome analysis. Sanger sequencing was performed to validate
variants.

Results: We identified known or novel candidate variants in
COG6, NEB, RAPSN, KIAA1109, DOK7, HSPG2, PSAT1, and PIEZO2.
Three patients were shown to harbor additional biallelic variants in
VPS13B, DNAH9, and USH2A, complicating the phenotype. More-
over, we identified a frameshift variant in USP14 in three similarly
affected fetuses. The resemblance of the fetal findings to the pre-
viously reported Usp14 mouse models supported that our variant
likely led to a novel intrauterine-onset human AMC phenotype (1).

Conclusion: Our results provide new insights into the clinical
and molecular characterization of a small AMC cohort; to contribute
to phenotype-genotype correlation, expand the clinical spectrum,
report novel variants, and present the first human phenotype that
appears to be attributable to a truncating variant in USP14.

References:

(1) Turgut, Gozde Tutku et al. “Functional loss of ubiquitin-
specific protease 14 may lead to a novel distal arthrogryposis
phenotype.” Clinical genetics, https://doi.org/10.1111/cge.14117.
23 Jan. 2022, https://doi.org/10.1111/cge.14117.
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Background/Objectives: Chromosomal aneuploidies cause about
50% of early pregnancy losses and affect 0.3-0.5% of childbirths,
with still insufficiently understood underlying mechanisms of
chromosomal malsegregation. Folate metabolism gene poly-
morphisms have been shown to lead to DNA hypomethylation
and damage, with possible consequent abnormal chromosomal
segregation during meiosis. The objective was to investigate the
association between maternal 5,10-methylentertahydrofolate
reductase (MTHFR) gene polymorphisms, crucial for DNA methy-
lation, and risk of offspring aneuploidy.

Methods: MTHFR gene polymorphisms 677C>T and 1298A>C
were determined by polymerase chain reaction based method, in
163 women with offspring aneuploidy and 155 women with
healthy children. Five genetic models were used to assess risk,
according to the type of aneuploidy and the age of women at
conception.

Results: MTHFR 677TT genotype and T allele were significantly
more prevalent among women with offspring aneuploidy, with an
increased risk of aneuploidy demonstrated under a recessive (OR
3.499), homozygote (OR 3.456) and allele contrast model (OR
1.574). The more prominent association was found with sex
chromosome aneuploidies and trisomy 13/18, and also in women
<35 years at conception. No association was observed between
1298A>C polymorphism and risk of offspring aneuploidy,
although synergistic effect of two polymorphisms increase the risk
of aneuploidy, primarily amplifying the 677T allele effects
(p < 0.001).

Conclusion: Maternal MTHFR 677C>T gene polymorphism,
alone or in combination with another 1298A>C polymorphism,
appears to be a substantial risk factor for offspring aneuploidy in
Montenegro population, especially for sex chromosome aneu-
ploidies and trisomy 13/18, and among younger women.
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Background/Objectives: Clinical indications for fetal sex deter-
mination include risk of X-linked disorders and the management
of fetuses at risk of congenital adrenal hyperplasia. Currently fetal
sex diagnosis could be obtained using invasive procedures such as
amniocentesis and chorionic villus sampling, which are associated
with a 1% risk of miscarriage. Non-invasive prenatal diagnosis
based on circulating cell-free fetal DNA created new possibilities
of early detection of fetal sex. The aim of this study was to design
and validate a rapid, reliable and low-cost method for non-
invasive fetal sex determination based on the assessment of cell-
free fetal DNA in maternal plasma.

Methods: To determine fetal sex, blood samples from 35
pregnant women at weeks 11 to 17 of gestation were analysed.
Cell-free DNA was isolated from the plasma samples using a
commercially available kit. A multiplex PCR was performed for the
simultaneous amplification of target sequences of Y chromosome
using a chip-based QuantStudio 3D Digital PCR system. The results
were validated by results from invasive diagnostics.

Results: All maternal plasma samples based on the detection
of Y chromosome-specific sequences were determined correctly.

Conclusion: Chip-based digital PCR is a reliable method with high
accuracy for non-invasive fetal sex determination. Our results
demonstrate that fetal sex determination by detecting Y chromo-
some sequences in maternal plasma using chip-based digital PCR
platform is clinically applicable and could be used in clinical practice.
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Background/Objectives: Holoprosencephaly (HPE) is a complex
brain malformation resulting from incomplete division of the
forebrain. Approximately 25-50% of individuals with HPE have a
chromosome abnormality. Analysis of recurrent chromosomal
anomalies led to the identification of 12 candidate regions (HPE1
to HPE12). SHH, the major gene implicated in holoprosencephaly,
was isolated from the critical region HPE3 on chromosome 7q36.
We report a prenatal case with holoprosencephaly and a balanced
de novo translocation t(4;7)(p14;q36) without any loss of the distal
part of chromosome 7q confirmed by array-CGH.

Methods: Chorionic villi culture and GTG banding were done
following standard protocols. Array-CGH was performed using 60K
KaryoNIM Prental®. Maternal contamination was ruled out prior to
the study.

Results: At 12 weeks of gestation, ultrasound examination of
the fetus showed holoprosencephaly. Cytogenetic studies showed
a balanced translocation between the long arms of chromosomes
4 and 7, 46,XX,t(4;7)(p14;q36). Parental karyotypes were normal.
CGH-array study was normal, without any loss of the distal part of
chromosome 7q.

Conclusion: Two breakpoint de novo rearrangement has a
6.7% empiric risk of phenotypic abnormality. Abnormal pheno-
types are thought to result from gene disruption, position effect,
or deletion at breakpoints. Balanced translocations involving 7qter
have been reported previously related with HPE[1]. We present a
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prenatal case of holoprosencephaly with altered karyotype and
normal array-CGH, which highlights the importance of performing
a karyotype study in cases of HPE.

References: [1] Benzacken, B. et al. Different proximal and
distal rearrangements of chromosome 7q associated with holo-
prosencephaly. J. Med. Genet. 1997; 34: 899-903.
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Background/Objectives: PAX3 gene is localized on chromosome
2 (g36.1) and its product (transcription factor Pax3) is a key reg-
ulator of embryogenesis involved in the development of nervous
and muscle system. Heterozygous mutations of PAX3 gene are
linked to autosomal dominant Waardenburg syndrome (WS) 1 and
3, characterized by hearing loss, loss of pigmentation and eye
abnormalities. We present a case of PAX3 deletion detected in a
fetus with multiple congenital abnormalities.

Methods: We examined a tissue of a fetus aborted at
20+4 week gestation for US abnormalities which included an
absent nasal bone, an abnormal finding in posterior cranial fossa,
dilatation of left lateral ventricle, sacral spina bifida with menin-
gomyelocele, and left club foot.

Results: Karyotype was normal 46,XX. This deletion (size 3 Mb)
on chromosome 2 including PAX3 was detected by aCGH -
20935036.1(221148359_224433293) x1. A complete loss of one
copy of PAX3 was confirmed by MLPA. The CNV was not found in
healthy parents.

Conclusion: Arnold-Chiari malformation (cerebellar abnormal-
ities), spina bifida and meningomyelocele are described as rare fea-
tures of WS. While most cases of spina bifida and meningomyelocele
are determined multifactorially, we hypothesize that a combination of
an absent nasal bone and spina bifida may indicate a loss of function
of PAX3 gene. The simultaneous presence of these abnormalities can
guide investigation strategies during prenatal diagnosis.

References:
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Background/Objectives: HNF1B mutations are associated with
autosomal dominant tubulointerstitial kidney disease (OMIM
137920). Although the severity of renal phenotype is extremely
variable, HNF1B intragenic mutations result in more severe renal
function impairment than copy number variants encompassing
the entire gene (17912 microdeletions). HNF1B-related disease
often manifests with fetal hyperechogenic kidneys; however,
reports of prenatal diagnosis of intragenic variants are rare.

Methods: We performed an NGS renal disease gene panel in a
bichorial biamniotic pregnancy, in which renal anomalies were
detected by prenatal ultrasounds.

Results: The analysis identified a novel de novo heterozygous
splice-site variant c.1046-2A>T (IVS4) in the HNF1B gene in both
twins. Karyotype was normal (46,XX) and QF-PCR analysis deter-
mined monozygosity. Ultrasounds revealed hyperechogenic mul-
ticystic kidneys and severe oligohydramnios in fetus 2, already at
16+2 weeks. At birth, she showed flattened head with frontal
bossing, unilateral cataract, clubfeet and bilateral pneumothorax;
she died on the second day of life. Instead, fetus 1 showed no
abnormalities until 20 weeks, when ultrasound detected bilateral
renal enlargement and hyperechogenicity with right kidney cysts;
amniotic fluid was normal. She had normal birth parameters and
at last assessment (5 months) creatinine was 1.34 mg/dL.

Conclusion: We have described a case of prenatal diagnosis of
a novel pathogenic HNF1B variant associated with a severe renal
disease in a twin pregnancy, confirming that intragenic variants
are associated with a poorer renal prognosis, but with variability
even between identical twins. We have also deeply described the
prenatal and postnatal presentation of the disease, which can be
useful for prenatal genetic counseling.
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Background/Objectives: Compelling data in support of prenatal
genetic diagnoses by exome sequencing in fetuses with structural
abnormalities detected by ultrasonography is well recognized'.
Congenital heart defects are genetically heterogeneous and con-
tributed wide range of genetic mutation types. This is a pilot study
to investigate the diagnostic utility of genome sequencing (GS) to
detect a broader range of causative genetic variants in a prenatal
diagnosis setting.

Methods: Genome sequencing (>30X) was prospectively per-
formed 13 prenatal trios with heart defects for which karyotyping
and/or chromosomal microarray results were undiagnostic.

Results: 4/13 (30.8%) of trios received diagnostic genetic
findings by genome sequencing. They included pathogenic or
likely pathogenic variants in DNAH5, COL4A1, PTPN11, and KRAS.
Notably, a balanced translocation [46,XX,t(14;22)(q32.33;q13.31)
mat] detected by GS in the trio with the DNAH5 mutations. The
translocation also explained the adverse pregnancy histories of
presumably de novo Phelan-McDermid syndrome of this trio. GS
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also detected medically actionable findings in BRCA2 and carrier
statues in GJB2, HBB, USH2A, HBA1 and HBA2.

Conclusion: Genome sequencing provided additional yield
and timely results of diagnostic variants, including a wide spec-
trum of mutation types. Not only did genome sequencing facil-
itate genetic diagnoses, it also provided clinically relevant medical
actionable findings and carrier statuses. We provide evidence to
support the application of genome sequencing for fetuses with
congenital heart defects.

References: 1. Lord, Jenny, et al. “Prenatal exome sequencing
analysis in fetal structural anomalies detected by ultrasonography
(PAGE): a cohort study.” The Lancet 393.10173 (2019): 747-757.
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Background/Objectives: Milroy disease is an autosomal domi-
nant condition caused by mutations in the FLT4 gene that affects
the normal function of the lymphatic system resulting in con-
genital lymphedema. Intrafamilial variability and reduced pene-
trance are observed in this condition. About 10-15% of people
with a mutation in the FLT4 gene do not develop the features of
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Milroy disease. Incomplete penetrance can sometimes obscure
autosomal dominant inheritance pattern.

Methods: We present a family of healthy parents with two
consecutive pregnancies with fetal lower limbs edema detected
prenatally at second trimester ultrasound examination. Karyotyp-
ing was performed on amniotic fluid samples from the two
pregnancies and blood samples of both partners. Clinical exome
sequencing of DNA obtained from uncultered amniocytes from
the second pregnancy was performed on MiSeq (lllumina). Sanger
sequencing in fetal and parental DNA was applied for confirma-
tion and segregation analysis.

Results: Prenatal diagnosis of the first pregnancy revealed mosaic
fetal karyotype: 46,XX,-10,+mar (del10q?)[2]1/46,XX[25]. The family
decided to terminate the pregnancy. Both partners were carriers of
normal karyotypes. Amniocentesis performed on the second preg-
nancy (ten years later) detected normal fetal female karyotype (46,XX)
and a heterozygous pathogenic variant in FLT4 gene - ¢.3341C>T
(p.Pro1114Leu). This variant was inherited by the father.

Conclusion: The phenomenon of incomplete penetrance can
make it challenging for genetics professionals to interpret a per-
son'’s family medical history and predicting the risk of passing a
genetic condition to future generations. This should be taken into
account in counselling for autosomal dominant conditions.

References: None.

Grants: None.
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EP02.015 High-resolution chromosomal microarray analysis in
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Background/Objectives: Prenatal chromosomal microarray ana-
lysis (CMA), traditionally indicated for high-risk pregnancies, is
nowadays frequently applied preventively. Here we report on the
outcomes of the application of high-resolution CMA in a series of
prenatal cases.

Methods: 219 couples were referred to the Laboratory of
Medical Genetics of the National and Kapodistrian University of
Athens for prenatal CMA. Indications included ultrasonographic
findings, previous pregnancy or offspring with chromosomal
abnormality, a parent carrier of a balanced chromosomal trans-
location, advanced maternal age, and preventive testing due to
parental anxiety. DNA was extracted from either amniotic fluid
(AF) or chorionic villus sample (CVS) (DNA mini kit, Qiagen) and
was subsequently tested for chromosomal aberrations with the
4x180K G3 CGH-+SNP microarray (Agilent Technologies). Maternal
cell contamination was excluded for all samples.

Results: A total of 250 samples were studied (143 AF, 107 CVS).
141 of all embryos were male and 109 female. 198 embryos
(79.2%) had a normal karyotype and 52 (20.8%) showed one or
more chromosomal abnormalities. The findings were classified as
pathogenic or likely pathogenic in 38 cases (15.2%) and as Var-
iants of Uncertain Clinical significance (VUS) in 14 cases (5.6%).

Conclusion: High-resolution CMA is a powerful tool in the
prenatal setting, with high diagnostic yield regardless of indica-
tion. VUS appear with relatively high frequency, however this is
expected to further decline as knowledge on the clinical sig-
nificance of findings increases.

References: Oneda B, et al. High-resolution chromosomal
microarrays in prenatal diagnosis significantly increase diagnostic
power. Prenat Diagn. 2014;34:525-33.
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EP02.016 Prenatal diagnosis of Saethre-Chotzen syndrome
caused by TWIST1 microdeletion and complex chromosomal
rearrangement involving chromosomes 5, 7 and 11
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Background/Objectives: Saethre-Chotzen (SC) is syndromic
craniosynostosis rarely diagnosed prenataly. It is caused by
mutations, or less frequently deletions of TWIST1 gene leading
to its haploinsufficiency. Clinical presentation is variable, with
coronal craniosynostosis, facial dysmorphism, hand and foot
anomalies being the most common manifestations. We present
a case of prenataly diagnosed SC-like syndrome due to complex
chromosomal rearrangement involving chromosomes 5, 7,
and 11.

Methods: A 32-year-old women was referred to genetic
counselling in 28th gestation week of her third pregnancy due to
presence of ultrasound anomalies. Brachicephaly, hypertelorism,
flat face, micrognathia, relative macroglossia and small posterior
fossa were noted.

Results: Karyotype analysis was performed on blood sample
obtained by cordocenthesis. De novo translocation involving
chromosomes 7 and 11 was found- 46,XY,t(7;11)(p15.5;21)dn.
Subsequent chromosomal microarray analysis (Agilent Sureprint
G3 Human 8x60K) revealed presence of three microdeletions on
chromosome 7: 7p21.1-p15.3 (4,82 Mb including TWIST1 gene),
7p12.1-p11.2 (1.3Mb), 7g21.11 (2,9 Mb), and one on chromosome
5 (5p12-p11, 581Kb).

Conclusion: Complex chromosomal rearrangements involving
TWIST1 gene are very rare cause of SC syndrome. Prenatal mani-
festations in our case were consistent with TWIST1 haploinsuffi-
ciency, however, additional clinical manifestation can be expected
due to presence of multiple microdeletions in proband. This case
confirms utility of chromosomal microarray in prenatal cases of
suspected syndromic craniosynostosis.

References: Spaggiari E, Aboura A, Sinico M, Mabboux P,
Dupont C, Delezoide AL, Guimiot F. Prenatal diagnosis of a 7p15-p21
deletion encompassing the TWIST1 gene involved in Saethre-
Chotzen syndrome. Eur J Med Genet. 2012 Aug-Sep;55(8-9):498-501.
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congenital dyserythropoietic anemia type Il (CDAII)

Anna Abuli', Maria Angeles Sdnchez’, Carlota Rodo? Euldlia
Rovira', Marta Codina-Sola’, Irene Valenzuela', Elena Garcia-
Arumi', Eduardo Tizzano'

"University Hospital Vall d’Hebron, Department of Clinical and
Molecular Genetics, Barcelona, Spain; University Hospital Vall
d’Hebron, Department of Obstetrics, Barcelona, Spain.

Background/Objectives: Nonimmune hydrops fetalis (NIHF) is a
fetal abnormality with high genetic heterogeneity including genes
associated to congenital anemias. Congenital dyserythropoietic ane-
mia type Il (CDAII) is caused by pathogenic variants in the SEC23B
gene following an AR inheritance. Patients usually manifest with mild
to moderate anemia, although in some cases blood transfusion may
be required. Prenatal clinical manifestation as hydrops foetalis and
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intrauterine death is barely described. We present here two new
cases of severe CDAIl presenting with hydrops foetalis.

Methods: Two pregnant women were referred to the Foetal
Medicine Unit of our Hospital at 26 and 18 weeks of gestation,
respectively. Ultrasound findings showed fetal ascites and peri-
cardial effusion resulting in severe hydrops foetalis in
both cases. They underwent prenatal exome sequencing in
fetal DNA.

Results: Molecular results showed pathogenic and probably
pathogenic variants ¢325G>A (p.Glu109Lys) and c.1648C>T;
(p.Arg550%) in SEC23B (fetus 1), and ¢.2101C>T (p.R701C) and
¢.2102G>A (p.R710H) in SEC23B (fetus 2). The variants were in het-
erozygous state in their respective healthy parents. Although some
of these variants have previously been reported, there is no clear
genotype-phenotype correlation considering the type of variant.

Conclusion: Challenges in prenatal exome include the
unknown fetal presentation of several genetic conditions that are
recognized in postnatal settings. Indeed, our study provides fur-
ther evidence of the presentation of CDAIl as hydrops fetalis,
expanding the clinical spectrum of this condition. Moreover, a
categorical molecular diagnosis enables an early and adequate
prenatal management to improve the prognosis of CDAIl and to
offer an appropriate genetic counseling to the families.
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EP02.018 Non-indicated invasive tests yield higher
percentage of Ashkenazi Jewish patients
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Background/Objectives: The risk for clinically significant copy
number variants in uneventful pregnancies is estimated at about
1%. Numerous factors influence the uptake of prenatal invasive
testing, and the objective of our study was to explore the effect of
maternal origin on the willingness to undergo non-indicated
testing.

Methods: This retrospective cohort study included data of all
prenatal microarray tests during 2019-2021 in genetic laboratory
of Carmel Medical Center, Haifa, Israel. The reasons for invasive
testing were categorized as: 1) indicated tests (e.g., abnormal
ultrasound and high-risk serum screening), 2) maternal age =35
years and 3) younger women. The percentage of Ashkenazi Jewish
patients in each indication was compared to non-Ashkenazi
Jewish and to Israeli Arab population.

Results: Of the overall 1400 prenatal microarray tests, 676
(48.3%) were performed due to a medical indication, 392 (28.0%)
in women older than 35 years, and 332 (23.7%) in younger
women. The percentage of Ashkenazi patients performing inva-
sive testing due to maternal age over 35 years (76.0%) and in
younger women (81.0%) was significantly higher compared to the
rate of Ashkenazi patients undergoing indicated testing (61.4%). A
significant decline in patients from other origins was noted in non-
indicated vs. indicated tests.

Conclusion: Higher rates of Ashkenazi patients performing
non-indicated invasive tests can be explained by various factors,
including socio-economic status, religious beliefs, language bar-
riers, and geographic factors. These potential influences should be
taken into consideration during prenatal genetic counseling.
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EP02.019 Retrospective analysis of fetal magnetic resonance
imaging (feMRI) examinations in the last 10 years at a tertiary
center: experience of a single radiologist and a single
perinatologist
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Mehmet Ali Aydinlar University, School of Medicine, Department of
Obstetrics and Gynecology, Istanbul, Turkey; *Acibadem Mehmet Ali
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Istanbul, Turkey.

Background/Objectives: To evaluate the role of fetal magnetic
resonance imaging (feMRI) in high-risk pregnancies and the con-
cordance between feMRI and ultrasonography (US).

Methods: Retrospective analysis of US and feMRI in 97 fetuses
in the last 10 years at a tertiary center. US was performed by a
single perinatologist, feMRI images were analyzed by a single
radiologist.

Results: Mean gestational age at US was 26.0 + 4.2 weeks, and
feMRI was within 3 days after US. Indications for feMRI were CNS
(n =80, 82%) and non-CNS (n = 17, 18%). CNS-related indications,
ventriculomegaly (n=41, 42%) had the greatest ratio. In 51
fetuses (53%), feMRI and US were completely concordant. In 11
fetuses (12%), feMRI demonstrated extra findings. In 33 fetuses
(34%), feMRI excluded US indication completely. There was no
instance where US had additional value to feMRI. For fetuses
without additional value, the kappa score was 0.69, indicating a
substantial agreement.

Conclusion: This study is the first in the literature to present
data from a single center, involving a single perinatologist and a
single radiologist. We claim that feMRI and USG have low con-
cordance in prenatal imaging (<0.8 kappa score). However, this
low concordance still helps to navigate the pregnancy follow-up.
The couple is counselled for invasive prenatal studies when
additional findings are reported. Exclusion of the findings sus-
pected in the US examination serves to decrease anxiety the
remaining 34%.

References: Davidson J, Brennan K, Matthew J et al. Fetal
magnetic resonance imaging (MRI) enhances the diagnosis of
congenital body anomalies. J Pediatr Surg. 2022;57(2):239-244.
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Background/Objectives: Exome sequencing for fetuses with
structural anomalies detected on ultrasound has been imple-
mented into clinical practice in the UK Genomics Medicine Service,
demonstrating diagnostic rates between 6.2% and 80%. Prenatal
diagnosis provides information for prenatal and postnatal man-
agement and treatment (Best et al. 2018).
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Re-analysis of exome data of previously unsolved cases can
increase diagnostic yield by ~12% (Ji et al. 2021).

The objective of this study is to evaluate the diagnostic
potential of exome sequence re-analysis in previously unsolved
fetal anomaly cases.

Methods: DNA was extracted from CVS, amniotic fluid, fetal
blood or post-mortem fetal tissue, and enriched using Agilent
SureSelect CRE V2 or Nonacus ExomeCG and sequenced on lllu-
mina NextSeq 500 or NovaSeq. Review of SNVs and CNVs was
undertaken using the Congenica clinical decision platform. Re-
analysis was performed using updated fetal anomaly panels and
gene agnostic prioritisation.

Results: Through original exome sequencing analysis, diag-
nosis was achieved in 59/180 fetuses. Of 82 cases assessed for
CNVs, 2 had pathogenic variants. Re-analysis was performed on
123 unsolved cases. Updated figures will presented.

Conclusion: This study illustrates the diagnostic utility of re-
analysing exome sequencing data in unsolved cases with fetal
structural anomalies.

References: Best, S, Wou, K, Vora, N., Ven der Veyver, I. B,
Wapner, R, Chitty, L. S., 2018. Promises, pitfalls and practicalities of
prenatal whole exome sequencing. Prenatal Diagnosis.
38(1):10-19.

Ji, J, Leung, M. L., Baker, S., Deignan, J. L, Santani, A. 2021.
Clinical Exome Reanalysis: Current Practice and Beyond. Molecular
Diagnosis and Therapy. 25(5):529-536.
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EP02.022 Preimplantation genetic testing of m.8344A>G
MERRF mitochondrial DNA mutation: challenge and success
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Background/Objectives: Mitochondrial DNA (mtDNA) mutations
cause a wide range of serious genetic diseases with high trans-
mission risk, due to their maternal inheritance. One of the most
frequent mtDNA mutation, the m.8344A>G of the MT-TK gene, is
the cause of MERRF syndrome (Myoclonic Epilepsy with Ragged-
Red Fibers). Two patients, carrier of the m.8344A>G mutation,
have requested PGT in our center, but their high mutation levels in
blood (75%) questioned their chance to get at least one « trans-
ferable » embryo.

Methods: Mutant loads were assessed by semi-quantitative
fluorescent PCR followed by enzymatic digestion on 56 single-cells
sampled from 30 embryos.

Results: Embryonic mutant loads were ranging from 10 to 97%,
in favor of random segregation of mutant mtDNA molecules
during oogenesis. Except in one embryo, the mutant loads were
stable among the different blastomeres of day-3 embryos (+2%)
supporting the feasibility of PGT by single-blastomere analysis.
Furthermore, embryos with low (<30%; n = 3/30) or intermediate
mutant loads (>30% et <70%; n=7/30) were obtained. Uterine
transfers of embryos were performed in 3 cycles, resulting in a
single pregnancy and one healthy baby was born. The remaining
8 healthy embryos have been vitrified.

Conclusion: Our data demonstrate the clinical utility of the
PGT procedure even for patients who carry high mtDNA mutation
levels, and have important consequences in terms of genetic
counseling.
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EP03.003 Pathogenicity prediction for novel genetic variants
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Background/Objectives: Hearing loss (HL) is the most common
disorder affecting 1:500 newborn children. Identification of cau-
sative mutations is demanding due to the large number (more
than 100) genes involved. Whole-exome sequencing (WES) has
become a cost-effective alternative approach for molecular diag-
nosis of HL. However, the follow-up of novel variants, in particular
missense changes, which can lead to a spectrum of phenotypes
and unequivocal genotype-to-phenotype correlations, is not
always straightforward. In this study, we investigated the genetic
cause of sensorineural hearing loss in patients with severe/pro-
found deafness.

Methods: After the exclusion of frequent GJB2-GJB6 mutations
by Sanger Sequencing, we performed WES in 32 unrelated
Argentinean families. To predict the effect of some novel variants,
protein modelling and protein stability analysis were employed.

Results: Mutations were detected in 16 known deafness genes
in 20 patients: ACTG1, ADGRV1 (GPR98), CDH23, COL4A3, COLA4AS,
DFNA5 (GSDDE), EYA4, LARS2, LOXHD1, MITF, MYO6, MYO7A, TECTA,
TMPRSS3, USH2A and WSF1. Notably, 11 variants affecting 9 dif-
ferent non-GJB2 genes resulted novel. Structural protein analysis
in LARS2 and MYO6 proteins provided strong evidence on the
impact of the mutations on protein function, as well as a novel
high confident protein modelling to be used in future analyses.

Conclusion: These results highlight the value of whole exome
sequencing to identify candidate variants, as well as bioinformatic
strategies to infer their pathogenicity.
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Background/Objectives: Inherited retinal degeneration (IRD) is a
group of retinopathies with more than 300 genes associated and
more than 20 different clinical phenotypes described (RetNet).
However, genetic diagnosis remains unclear in ~1/3 of cases.
Clinical and genetic heterogeneity makes difficult identification of
disease-causing mutations. Therefore, molecular diagnosis is
important for genetic counseling and treatment. The aim of the
present study was to identify the genetic diagnosis in a group of
Bulgarian patients affected by IRDs.

Methods: In a selected group of 80 patients diagnosed with
different forms of IRDs, we performed targeted sequencing of
clinical exome (including 4813 OMIM genes) on MiSeq platform of
lllumina. A detailed analysis, followed by Sanger sequencing and
segregation analysis, was used to identify pathogenic variants.

Results: Pathogenic variants in IRD-related genes were found
in 72 out of 80 patients analyzed. Seventy nine mutations were
found in 33 IRD genes, explaining 90% of the cases—65 known
and 14 novel. In 8 patients (10%) genetic cause of the disease was
not identified, possibly due to low-covered region (ORF15) of a
major gene for X-linked retinopathy, RPGR, or a mutation in an
undescribed gene yet. Predominant clinical phenotype in the
studied patient group was macular degeneration with mutations
in the common gene responsible for this disease, ABCA4.

Conclusion: Targeted sequencing of clinical exome allowed
detection of disease-causing mutations in 92% of our cases, a
percentage which exceeds previously reported diagnostic yield of
60-70% for IRDs.

References: RetNet (https://sph.uth.edu/retnet/).
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Background/Objectives: Keratoconus (KTCN) is the most com-
mon corneal ectasia, affecting 1:2000 individuals worldwide,
characterized by progressive thinning of the cornea, leading to
pathological cone formation(1). Hormones play a critical role in
regulating cell survival, proliferation, and differentiation(2). Since
sex-dependency and pregnancy-caused progression were
observed in KTCN, we aimed to analyze the transcriptomic profile
of sex hormones-related genes in the corneal epithelium (CE)
of KTCN.

Methods: RNA samples were extracted from CE of 15 male
KTCN patients undergoing cross-linking procedure and 3 male
mild myopia patients undergoing refractive error correction (RNA/
DNA/Protein PurificationPlus MicroKit, NorgenBiotek). The NGS
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libraries were prepared using TruSeq Stranded TotalRNA Librar-
yPrep Gold (lllumina) and sequenced on Novaseq6000 platform
(100M reads/sample). RNA-seq data was analyzed implementing
previously established pipelines.

Results: We haven't revealed any difference in the expression of
sex hormones receptors (ESR1, ESR2, AR) between KTCN and control
samples. However, the expression of genes responsible for the
transduction of signals to the nucleus (RAF1, GRB2, JAK1, CREB1), and
genes related to sex hormones’ synthesis (HSD17B2) was changed.
Moreover, in the pathway analysis we have noticed ‘Activated
PKN1 stimulates transcription of AR regulated genes KLK2 and KLK3
pathway’ as one of the most overrepresented in the CE of KTCN.

Conclusion: As abnormalities in estrogen and androgen rela-
ted genes have been identified, these features should be con-
sidered in CE transcriptomic profiling in KTCN.

References: 1.https://doi.org/10.1007/s00438-016-1283-z.

2. https://doi.org/10.1038/srep25534.
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Background/Objectives: Retinal dystrophies (RDs) are a group of
heterogenous disorders with complex inheritance and variable
clinical pictures, that include nyctalopia, colour blindness, central
or peripheral vision loss up to complete blindness. Significant
progress has been made to determine the molecular substratum,
linked to more than 300 genes.

Methods: Six patients with retinal dystrophies were referred to
our laboratory for WES or panel sequencing for genes associated with
RDs, between November 2019-July 2021. lon GeneStudio S5 System
(Thermo Fisher Scientific) and lon Reporter platform were used.

Three patients were clinically diagnosed with retinitis pig-
mentosa, two with cone-rod dystrophy, and one with unspecific
retinal anomaly and cataract.

Results: Two of the patients diagnosed with retinitis pigmentosa
and one of the patients with cone-rod dystrophy carried pathogenic
variants in ABCA4 gene. The third retinitis pigmentosa patient had a
pathogenic missense in RHO gene. An indel in CDHR1 gene and a
missense variant in RGR gene were found in the other patient with
the cone-rod dystrophy. Only a pathogenic variant in CRYBB2 gene,
causative for cataract, was found in the last patient.

Conclusion: Molecular diagnosis of RDs is essential in order to
clarify the clinical presentation and evaluate the prognosis of age-
related visual impairment, as well as the genetic of these highly
heterogenous group of diseases. Appropriate counselling and
where available, a gene-based therapy depending on the nature
of the disease pathology will help the management of the
symptoms.
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Background/Objectives: High myopia (HM), an eye disorder with
a refractive error of —6.0 D or higher, has a complex etiology
involving environmental, genetic, and likely epigenetic factors.
Here, we report the study of differentially methylated proto-
cadherin alpha (PCDHA) gene cluster in children with HM.

Methods: From the genome-wide methylation data of blood
DNA of 18 Polish children with HM and 18 matched controls, we
retrieved CG dinucleotides with lower methylation levels in HM
cases. Selected sequence variants were Sanger sequenced in the
studied children and members of a Polish family affected
with HM.

Results: The PCDHA gene cluster, located in myopia locus
MYP25 (5g31), includes the CG dinucleotide with the most
decreased methylation level in HM cases versus controls. The CG
site is located in transcription start site-1500 region of PCDHA10
and intronic regions of PCDHA 1-9. A previous GWAS indicated
that SNV rs246073 in this cluster, was associated with refractive
error in Europeans (n = 542,934, p value =2.0x 10 "). Also, an
exonic nonsense variant rs200661444 (c.2017C>T, p.(Q673X)) in
CpG island of PCDHA10, predicted as disease causing, was
detected in our exome sequencing in the HM family, but did not
completely segregate with HM. The SNV overlaps binding sites of
AP-2alphaA, essential for the morphogenesis of lens vesicle and
regulating the transcription of genes involved in the eye
development.

Conclusion: Alterations in the methylation pattern of specific
CG dinucleotides could be linked to early-onset HM and therefore
be used to develop non-invasive biomarkers of HM in children and
adolescents.

References: PMID:30858441.
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Background/Objectives: Fuchs endothelial corneal dystrophy
(FECD) causes a progressive loss of corneal endothelial cells,
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resulting in structural changes and loss of corneal clarity. FECD is
the leading cause of corneal transplantation in western countries.
Multiple genetic risk factors contribute to the disease, but the
best-known risk variant is an expansion of intronic CTG-repeat in
the TCF4 gene. An expansion of more than 50 repeats causes a
significant risk for the disease.

Methods: One hundred and ten Finnish patients with a clinical
diagnosis of FECD were collected from Helsinki University Hospital.
The patients with FECD were examined by slit-lamp, corneal
tomography, and endothelial specular microscopy. Short tandem
repeat analysis and triplet repeat primed PCR were used to assess
the repeat number in TCF4. The CTG-genotype was also analyzed
in a control cohort of 202 individuals from the Finnish Red Cross
Biobank.

Results: A CTG-expansion of >50 was observed in 92 of the 110
patients with FECD in homo- or heterozygous state (84%, 95% Cl
0.75-0.90). One of the 92 cases had the expansion present in both
alleles. Furthermore, only five of the 202 control individuals had
>50 CTG-repeats, each in a heterozygous state (0.03%, 95% ClI
0.007-0.05).

Conclusion: These results indicate that the CTG-repeat in TCF4
is a notable risk factor for FECD also in the Finnish population with
more than 80% of the patients carrying the expansion. Further
analysis is performed to clarify the role of the expansion in the
clinical and pathological features of these patients.
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EP03.009 The first study of the RPE65 gene in the Russian
Federation
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Background/Objectives: Retinitis pigmentosa (RP) is a group of
heterogeneous genetic diseases with a prevalence of ~1:4000
worldwide. LUXTURNA® (voretigene neparvovec) is a gene ther-
apy approved for the treatment of patients with autosomal
recessive retinal dystrophy caused by biallelic pathogenic variants
in the RPE65 gene. Therefore, an accurate molecular diagnosis is
critical to the approval of targeted therapy.

RPE65 mutations are thought to be responsible for ~0.6-16% of
all RP or Leber congenital amaurosis (LCA) cases in various
populations. Studies have not yet been conducted to assess the
frequency of RPE65-dependent forms of RP in Russia.

Methods: Our study included 189 unrelated patients with
different forms of hereditary retinal degeneration. Patients’” DNA
was analyzed by targeted next-generation sequencing (NGS)
using an «Ophthalmo» disease-specific panel, which included
211 genes.

Results: In 11 patients, variants in the RPE65 gene were iden-
tified in the homozygous (4 patients) or compound heterozygous
(7 patients) state. The variants were confirmed by Sanger
sequencing for all patients. Segregation analysis was performed
for 9 families, and the variants were proved to be biallelic. Thus,
the proportion of RPE65-patients in the current study was 5.8%.

We have identified 12 different variants in the RPE65 gene,
including 8 missenses (c.1024T>C(p.Tyr342His), c.1307G>A(p.Gly
436Glu), c.746A>G(p.Tyr249Cys), c.1451G >T(p.Gly484Val), c.272G>
A(p.Arg91GIn), ¢.1451G>A(p.Gly484Asp), c.1340T>C(p.Leud47Pro),
€.982C>T(p.Leu328Phe), 2 nonsense (c.370C>T(p.Arg124*), c.30
4G>T(p.Glu102%)) and 2 splicing site mutations (c.1451-1G>A,
¢.114+5G>A). Two mutations were novel (c.1024T>C(p.Tyr342His),
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¢.1340T>C(p.Leu447Pro)). The most common mutation ¢.370C>
T(p.Arg124*) was found on 5 chromosomes (22.7%).

Conclusion: All patients with confirmed biallelic mutations in
the RPE65 gene are eligible for targeted therapy.
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EP03.010 Leber’s hereditary optic neuropathy: case report
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Background/Objectives: Leber's hereditary optic neuropathy
(LHON) is an inherited mitochondrial disorder that is typically
present in young males with sequential visual loss due to optic
neuropathy, characterised by acute or subacute failure of central
vision. LHON is maternally inherited, with variable penetrance,
typically an autosomal recessive condition, but rare dominant
cases have been reported.(1,2).

In 95% of cases, LHON is caused by one of three primary
mutations of the mitochondrial DNA (mtDNA), m.11778G>A in the
MT-ND4 gene, m.14484T>C in the MT-ND6 gene, or m.3460G>A in
the MT-ND1 gene.(3).

Methods: In this study, we report a Moroccan family with
multiple affected individuals, suffering from visual impairment
since childhood.

Results: Among the tested members of the family, 6 indivi-
duals were found harbouring one of the primary mutations,
m.11778G>A in the MT-ND4 gene, with a 99.2%
heteroplasmy rate.

Conclusion: Leber's hereditary optic neuropathy is one of the
most common mitochondrial diseases, secondary to three major
mutations in three mitochondrial genes. In our study, we found
the most common mutation, confirming its global distribution in
the population.
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EP03.012 Variant ¢.394C>T in FGF3 is a recurrent cause of
profound congenital deafness in Slovak Roma
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Background/Objectives: Recessive mutations of fibroblast
growth factor 3 (FGF3) cause rare type of congenital deafness, with
labyrinthine aplasia, microtia, and microdontia (LAMM syndrome,
OMIM # 610706). We present two cases of unrelated Slovak chil-
dren of Roma ethnicity with congenital deafness with homo-
zygous ¢.394C>T p.(Arg132Trp) variant in FGF3.

Methods: NGS sequencing was performed (lllumina, Nextera
Flex Pre-enrichment True Sight One Expanded; NextSeq 550 Illu-
mina) with targeted bioinformatic analysis of genes associated
with hearing loss (bcl2fastq v2.20 and SEQNEXT v5.2.0), ref.
GRCh37/hg19.

Results: Newborn hearing screening was positive in both
patients (boys) with absent OAEs and with profound bilateral
mixed hearing loss confirmed by further audiology testing. In
patient N°1 microtia was present bilaterally in contrast to patient
N°2 without external ear abnormality. MRI examination of middle
and internal ear structures was not available. Targeted NGS
sequencing confirmed homozygosity for ¢.394C>T p.(Arg132Trp)
variant in FGF3 gene (NM_005247.2) dbSNP: rs372402801, with
variant frequency in gnomAD 0,004 % (0 homozygotes), not
reported in ClinVar nor in HGMD. The variant was classified as
variant of unknown significance (PM2, PP2, PP3) according to
ACMG criteria.

We evaluated the frequency heterozygotes for the given var-
iant in the in-house database of 167 exomes of healthy controls of
self-determined Roma persons from Slovakia and Czech republic
unrelated to our patients. We found 7/167 heterozygotes with the
resulting carrier frequency 4,19%.

Conclusion: Though generally very rare, LAMM syndrome
might be frequent cause of profound mixed congenital deafness
in Roma population in our region. Further studies are necessary to
confirm founder effect.
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EP03.013 Unexpected Array CGH result in a patient with
leading symptom ocular coloboma
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Background/Objectives: Ocular colobomata are caused by a
failure to close of the embryonic fissure during development.
Occurrence may be isolated, but they are often associated with
other systemic anomalies. Although many pathogenic variants in
different genes have been identified, a large proportion of isolated
cases remains idiopathic. Here we report on a 31-year-old male
with bilateral retinal, choroidal and iris colobomata, mild facial
dysmorphism, premature graying of the hair, aplasia of the left
12th rib and jaw cysts.

Methods: We performed cytogenetic banding and microarray
CGH analyses followed by gPCR.

Results: Cytogenetic banding analysis gave a normal male
karyotype (46,XY) and no evidence of an isodicentric derivative
chromosome 22 (Cat Eye syndrome). Microarray CGH and gPCR
analyses in the parents identified a de novo heterozygous ~3.47
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Mb deletion in 6p24.3-p24.1 encompassing 25 genes, i.a. TFAP2A.
Pathogenic TFAP2A mutations cause the rare autosomal dominant
Branchiooculofacial syndrome (BOFS, MIM # 113620). The clinical
presentation is extremely variable and typically includes branchial
skin defects, eye abnormalities (e.g. colobomata), nasolacrimal
duct stenosis / atresia and facial dysmorphism. Other reported
abnormalities include subcutaneous cysts, dental abnormalities,
and premature hair graying. Intellect is usually normal.

Conclusion: More than 95% of pathogenic variants in patients
with BOFS are SNVs or indels. Here we present a de novo 6p24.3-
p24.1 deletion including TFAP2A as a rare cause of BOFS. Our case
shows the value of chromosomal microarray diagnostics in
patients without the “classical” indication neurodevelopmental
disorder.
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EP03.014 Detection of two novel splicing mutations
associated to deafness by whole exome sequencing
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Background/Objectives: Point mutations affecting splicing may
result in the formation of aberrant transcripts of the gene. Recent
research has underlined the abundance and importance of spli-
cing mutations in the etiology of inherited diseases. The myosin
gene family is associated with different diseases including deaf-
ness, although few splicing mutations in MYO genes have been
described.

The aim of this study was to identify mutations associated with
deafness by whole exome sequencing (WES).

Methods: Genomic DNA was extracted from peripheral blood
leukocytes in a cohort of 12 patients. WES was performed to
identify germinal mutations that could be responsible for the
disorder.

Results: In one patient, we identified a mutation in hetero-
zygosis in  the MYO7A gene (c4852G>A; p.Ala1618Thr,
rs772542296), which affects both splicing and the protein
sequence. This mutation has been classified as an uncertain sig-
nificance variant in ClinVar, but it is considered likely pathogenic
in Varsome. In other case, we found a splicing mutation in het-
erozygosis in MYO3A gene (c.2506-1G>A, rs201023600), reported
as conflicting interpretations of pathogenicity in ClinVar but pre-
dicted as pathogenic in Varsome. MYO7A and MYO3A have been
associated with nonsyndromic progressive deafness, which is
compatible with both clinical histories. This is the first time that
these mutations are reported as pathogenic and associated with
deafness. Implications of other mutations found, mainly missense,
is being investigated in the same cohort of patients.

Conclusion: WES is a useful approach to identify splicing
mutations associated with deafness, as ¢.4852G>A; p.Ala1618Thr
in MYO7A and ¢.2506-1G>A in MYO3A.
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Background/Objectives: NTRKT-associated congenital insensitiv-
ity to pain with anhidrosis (NTRKT-CIPA, OMIM #256800) is severe
neurological disorder of autosomal recessive inheritance, char-
acterized by sensory and autonomic neuropathy leading to self-
injuries and hyperthermia episodes, with high risk of neurodeve-
lopmental dysfunctions including intellectual disability and epi-
lepsy. It is extremely rarely reported outside the Japanese and
Israeli Bedouin population.

Methods: Here we report two unrelated individuals of Polish
origin, presenting features consistent with hereditary sensory and
autonomic neuropathy diagnosis. Individual 1: 4 years of age
female, insensitivity to pain, anhidrosis, hyperthermia episodes,
drug-resistant epilepsy, tendency to self-injuries, dental self-
extractions, neurodevelopmental delay. Individual 2: 12 years of
age male, insensitivity to pain, anhidrosis, recurrent hyperthermia
episodes, palmar and plantar hyperkeratosis, recurrent joints
injuries and inflammation.

Results: Direct sequencing of NTRK1 coding region detected
compound heterozygosity in both patients: individual 1:
¢.5744+1G>A (maternal origin) and c¢.845delT (paternal origin),
individual 2: ¢.574+1G>A (paternal origin) and c.850+6T>A (de
novo).

Conclusion: c.850+6T>A is a novel variant detected in NTRK1
gene. Both individuals share common variant ¢.5744+1G>A,
described previously and associated with NTRK7-CIPA. Given the
shortage of data regarding the disorder outside the populations
with higher prevalence, clinical description and molecular findings
described here expand the knowledge of disease variability.
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Background/Objectives: Identifying the genetic cause of isolated
high myopia affecting two siblings in consanguineous Bedouin
family.

Methods: Affected individuals underwent thorough ophthal-
mologic examination, including fundus photography and optical
coherence tomography (OCT). Whole-exome sequencing (WES) of
the proband and homozygosity mapping of the studied kindred
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(750k SNP arrays) were done, assuming autosomal recessive her-
edity. WES variants which passed our filtering cascade were
screened using our database of 500 ethnically-matched controls
and validated using Sanger sequencing.

Results: The two siblings were affected since infancy, and
recently, ages 18 and 21 years, their refractive errors ranged from
-8 to -20 dioptres. One sibling had anisometropia (9 dioptres),
amblyopia, and strabismus. Fundus and OCT findings were com-
patible with high myopia. They had no facial deformities, hearing
loss or skeletal anomalies. Linkage analysis unravelled several
homozygous loci shared only by two affected individuals. Using
our variant analysis pipeline, all WES variants within these loci
were ruled out except for one: COL9A1 (NM_001851.4):
¢.1550G>A, p.G517E, segregating in the kindred as expected for
recessive heredity and not found in 500 ethnically-matched con-
trols or public databases.

Conclusion: We report a novel COL9A1 mutation causing
autosomal recessive high myopia without systemic abnormalities.
COL9A1 takes part in assembly of type IX collagen molecules, and
is expressed in various tissues including the eye. COL9AT muta-
tions were previously reported mainly in association with Stickler
syndrome, hearing loss and multiple epiphyseal dysplasia. Our
findings suggest that genetic evaluation of isolated severe myopia
should include analysis for the presence of COL9A1 pathogenic
variants.
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Background/Objectives: Pathogenic variants in the rhodopsin
gene (RHO) cause various forms of retinitis pigmentosa (RP), which
is a progressive retinal degeneration, and less commonly con-
genital stationary blindness. The aim of our study is to review the
spectrum of pathogenic variants in RHO in Slovenian patients with
retinal dystrophies.

Methods: Study included 40 patients from 11 unrelated
families harbouring pathogenic variants in RHO. Patients were
identified from database of Slovenian patients with genetic eye
diseases at the Eye Hospital, UMC Ljubljana. Phenotypes were
classified into four categories according to fundus auto-
fluorescence (FAF): night blindness without degeneration (nor-
mal FAF), classic RP (cRP) (hyperautofluorescent ring), sector RP
(sRP) (peripheral hyperautofluorescent border extending < 2
quadrants) and pericentral RP (pRP) (pericentral
hypoautfluorescent area).

Results: RHO patients represented 11% (40/362) of Slovenian
RP cohort (4,5%; 11/247 families) and 41% (40/97 patients) of
dominant RP. Pathogenic variants included p.Gly90Asp (4 unre-
lated families), p.Val87Asp (4 unrelated families), p.Pro347Leu (2
unrelated families) and a novel variant p.Ser297Arg (1 unrelated
family). The last two variants were associated only with cRP,
whereas p.Val87Asp caused either cRP, sRP or pRP; and all four
phenotypes were observed in the p.Gly90Asp cohort. Of the var-
iants only p.Pro347Leu is frequent in other cohorts.

Conclusion: RHO variants represent a frequent cause of RP in
Slovenia with specific spectrum of variants. The p.Gly90Asp and
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p.Val87Asp were the most frequent and displayed significant
phenotypic diversity, not usually associated with RHO.
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hearing impairment to polymalfomative fetal presentations

Margaux Serey-Gaut'?, Isabelle Rouillon®, Natalie Loundon®,
Genevieve Lina Granade®, Souad Gherbi Halem? Anne-Marie
Guerrot®, YLINE CAPRI®, Arnaud Molin’, Christine Poncet Wallet®,
Ghizléne Lahlou®, Tania Attie-Bitach'®, Luke Mansard'’, Anne-
Francoise Roux'', Abeke-Ralyath Balogoun”'?, Laurence Jonard™,
Sandrine MARLIN®™

"Hépital Necker, AP-HP.CUP, Centre de Recherche en Audiologie,
Paris, France; *Hépital Necker, AP-HP.CUP, CRMR Surdités Génétiques,
Service Médecine Génomique des maladies rares, UF Développement
et Morphogenése, Fédération de Génétique et de médecine
génomique, Paris, France; 3Hépital Necker, AP-HP.CUP, Service d’ORL,
Paris, France; *Hospices Civils de Lyon, Service d'ORL, Lyon, France;
>CHU de Rouen, Service de génétique, Unité de génétique clinique,
Rouen, France; °Hépital Robert Debré, AP-HP.NUP, Service de
Génétique Clinique, Paris, France; “Hopital Clémenceau, Service de
Génétique Clinique, Caen, France; SHépital Rothschild, Centre de
Réglage des Implants Cochléaires, Paris, France; *Hopital de la Pitié-
Salpétriére, AP-HP Sorbonne université, Service d’ORL et de chirurgie
cervico-faciale, Paris, France; '°Hépital Necker, AP-HP.CUP, Service
d'Histologie - Embryologie - Cytogénétique, UF Médecine préimplan-
tatoire, prénatale, périnatale, pathologie fcetale et placentaire,
Fédération de Génétique et de médecine génomique, Paris, France;
""CHU de Montpellier, Laboratoire de Génétique Moléculaire, LBMR
Pathologies neurosensorielles rares, Montpellier, France; "*Hépital
Necker, AP-HP.CUP, Service Médecine Génomique des maladies rares,
UF Développement et Morphogenése, Fédération de Génétique et de
médecine génomique, Paris, France; "Institut Imagine, Unité INSERM
UMR1163, Paris, France.

Background/Objectives: Pathogenic variants of ACTGT have been
reported for 2 distinct phenotypes: Autosomal dominant isolated
deafness DFNA20/26 and Baraitser-Winter syndrome 2, that
associates intellectual deficiency, ocular malformations, dys-
morphism, epilepsy and cerebral malformations. Surprisingly,
hearing impairment is seldom associated to Baraitser-Winter
syndrome 2. There is a high prevalence of DFNA20/26 patients
identified through gene panel sequencing presenting with iso-
lated sensorineural hearing impairment of dominant transmission.
DFNA20/26 wusually presents as non-syndromic, progressive,
postlingual, hearing impairment with an onset between the first
and third decade. The objective is to better characterize the
phenotypes associated with ACTGT variants.

Methods: This is a retrospective study on a French cohort of 35
patients and 2 fetuses.

Results: Most of the patients have a typical presentation of
DFNA20/26. 3 patients present with developmental delay and a
recognizable dysmorphism with flat face and arched eyebrows. 4
patients present with auditory neuropathy. In the 2 fetal cases we
found corpus callosum and cerebral anomalies, associated to
cardiac and skeletal malformations for 1 of them.

Conclusion: ACTGT-associated phenotype is broader than
currently described. We have identified extra-auditory symptoms
and a recognizable dysmorphism in a number of patients.
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Background/Objectives: The GUCY2D gene, located in chromo-
some 17, encodes for the retinal-specific guanylate cyclase, which
is expressed in photoreceptors. Pathogenic GUCY2D variants are
associated with an ample range of inherited retinal dystrophies
(IRD). The aim of this study is to describe the mutational and
phenotypic landscape of patients with variants in this gene.

Methods: A total of 22 probands characterized with GUCY2D
variants were selected from a cohort of more than 4500 families
with IRD. Variants were identified by different NGS technologies
and/or Sanger sequencing. Clinical data were obtained from
questionaries and health records. A detailed ophthalmic evalua-
tion was performed in 5 cases.

Results: Among the studied probands, 14 of them carry a
dominant pathogenic variant that is associated with cone-rod
dystrophy (CRD) and 8 have a recessive hereditary pattern, mostly
associated with a phenotype of Leber congenital amaurosis (LCA).
A total of 17 different variants were identified, including 2 novel
variants. The variants showing a dominant pattern are exclusively
missense, located in the exons 13-14 of GUCY2D. Meanwhile, the
recessive-related variants are missense and truncating, distributed
throughout the gene. LCA patients, especially those carrying
biallelic truncating variants, show a significantly earlier age of
onset and loss of visual acuity than CRD cases.

Conclusion: Our study supports the genotype-phenotype
model established for GUCY2D variants, and broadens the
knowledge of the gene’s mutational diversity.
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Background/Objectives: Inherited Retinal Dystrophies (IRD) are a
group of rare diseases whose prevalence is 1:3000—4000 people
worldwide. Currently, the reported diagnostic rate of IRD is 50%
—60%. The aim of this work is to update an overview of the
molecular characterization rate and gene frequency of autosomal
dominant retinitis pigmentosa (adRP) in Spain.

Methods: A cohort of 372 families with a suspected diagnosis
of adRP was selected from our database, of which 39 families were
excluded because they are deceased, related patients or not col-
laborative. So, 333 families were studied through classic geno-
typing methods or targeted next-generation sequencing (NGS).
The last up-date of adRP data was reported on 2018 with 258
unrelated adRP families.

Results: Overall, 70% of our adRP cohort has been character-
ized with an increase of diagnosis rate of ~+10% from 2018.
Furthermore, 7.5% of this cohort has been reclassified to other
types of inheritance (autosomal recessive or X-linked). Addition-
ally, we identified adRP-causing mutations in 4 not previously
reported genes in this cohort (GUCATA/RPIL1/RAX2/FZD4).
Although gene frequency data have changed slightly, mutations
in RHO/PRPF31/PRPH2/RP1 continue being the most frequent.

Conclusion: Implementation of NGS has increased the char-
acterization rate. However, there are 30% unsolved cases, which
have not been studied by NGS yet or could be caused by undis-
covered variants/genes, or genomic rearrangements difficult to
identify through this technology. Thus, it is essential to study new
molecular mechanisms that explain this disease.

References: https://doi.org/10.1167/iovs.18-23854,
doi.org/10.1186/gm155.
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Background/Objectives: Waardenburg syndrome type 1 (WS1) is
a rare autosomal dominant disorder associated with PAX3 gene
mutations. It is clinically characterized by sensorineuronal hearing
loss and pigmentary anomalies of eyes, skin and hair. Dysmorphic
features involve dystopia canthorum, synophrys, and prominent
nasal root.

This study aims to present the clinical and genetic character-
istics of WS1 in Tunisian patients.

Methods: We included eleven patients with clinical diagnosis
of WS1. The entire coding region of PAX3 has been sequenced in
six individuals. Multiplex Ligation-dependent Probe Amplification
(MLPA) was performed for two patients with normal PAX3
sequencing.

Results: We report eleven patients from eight unrelated
families. An affected first-degree relative was identified in 3/8
families. Dysmorphic features involved dystopia canthrom (11/11),
prominent nasal root (8/11), synophrys (4/11) and alae nasi
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hypoplasia (3/11). Clinical findings also included sensorineural
deafness (8/11), hypochromic irises (7/11), hair hypopigmentation
(9/11) and abnormal skin pigmentation (4/11). We noted an intra-
familial phenotype heterogeneity in our patients.

PAX3 sequencing in six individuals revealed three novel
pathogenic variants in four of them: c.942delC; c.933_936dupTTAC
and c.164delTCCGCCACA. MLPA, performed for two patients with
normal sequencing, showed a heterozygous deletion of exons 5 to
9 in one of them (1).

Conclusion: These results highlight the clinical variability
associated with WS1. The incomplete penetrance of PAX3 variants,
suggested by familial cases study, is an important parameter to
consider for genetic counseling.

References: (1) Trabelsi M. et al 2017.
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Background/Objectives: The purpose of our study was to
determine the long-term natural history of disease in patients
carrying a c.2610C>A; p.(Cys870Ter) variant in USH2A exon 13,
who would be amenable to exon skipping therapy.

Methods: Study included 8 patients (3 male) from the Slove-
nian USH2A cohort, harbouring p.(Cys870Ter) in USH2A (2 homo-
zygous). Median age at first exam was 42 years (range, 25-56) and
the median age at last exam was 53 years (range, 25-65); with a
median follow up of 10 years (range, 0-23). Phenotypic analysis
included age at onset, visual acuity (VA, decimal Snellen), Gold-
mann perimetry (target 11/4), colour vision (Ishihara), fundus
autofluorescence imaging (FAF) and optical coherence tomo-
graphy (OCT). Right eye was taken for analysis.

Results: Median age at onset was median 20 years (range, 8-35
years). At the first and last exam, the median VA were 0,6 (0,16-1,0)
and 0,15 (range, 0,005-1); the median number of recognized Ishihara
plates were 9/15 and 0/15; and the median visual field diameters were
22° (5°-114°) and 18° (5°-22°), respectively. Hyperautofluorescent ring
on FAF delineating preserved photoreceptors on OCT was present in
75% at the first and 63% at the last exam. Kaplan Maier analysis
showed that 50 % patients reach legal blindness based on visual
acuity on the better eye (VA < 0,1) at the age of 57 (95%Cl 52-63) years.

Conclusion: Long term follow-up data of patients with variants
in exon 13 of USH2A will be useful in conducting clinical trials that
aim to slow down disease progression.
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Background/Objectives: Autosomal dominant non-syndromic
hearing loss (ADNSHL) is an extremely heterogeneous sensor-
ineural disorder, both genetically and clinically. However, the
global prevalence of ADNSHL is yet unknown, as most pathogenic
gene variants have a very rare allele frequency. To ascertain
whether database searches could be utilized as predictors of
pathogenicity, recently, nine genes (REST, COL11A1, PTPRQ, PDE1C,
MYO3A, TRRAP, PLS1, SLC12A2 and LMXITA) associated with
ADNSHL were identified and analysed in peer-reviewed publica-
tions by the developed algorithm.

Methods: Initially, the clinical significance of variants was
analysed in public sources such as the Human Gene Mutation
Database and ClinVar while predictions of pathogenicity were
calculated in silico. Current global and population specific allele
frequencies were estimated with high quality sequencing reads in
the Genome Aggregation Database (gnomAD). Minor allele fre-
quency of <0.00002 defined by PM2_Moderate criteria was esti-
mated from American College of Medical Genetics and Genomics/
Association for Molecular Pathology (ACMG/AMP) guideline scores
adapted for ADNSHL interpretation.

Results: Only MYO3A, TRRAP and PDE1C gene variants were
represented in gnomAD and met the PM2_Moderate criteria
according to ACMG/AMP guidelines. The remaining variants were
not found in any genetic variation database.

Conclusion: In this study, the algorithm may be applied to
interpret the pathogenicity of variants and lead to a more precise
estimation of global disease frequencies.

References: Oza, A.M.,, et al., Expert specification of the ACMG/
AMP variant interpretation guidelines for genetic hearing loss. 2018.
39(11): p. 1593-1613.
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Hearing Loss - A Thirst for Revolution. 2015: IntechOpen.
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Background/Objectives: The role of genetics in pediatric
cochlear implantation (Cl) has already been repeatedly investi-
gated, but the same knowledge in adults is still rather vague.
While congenital or early onset hearing impairment show mostly
autosomal recessive (AR) trait (with GJB2 gene comprising up to
50%), postlingual demonstrate mostly autosomal dominant (AD)
inheritance.

Our aim is to map genetic background of patients seeking
cochlear implantation in adulthood.

Methods: We performed genetic testing in adult 210 Cl users
with age of onset from birth to 60 years, 55% having positive
family history, mostly of an AD condition.

First we investigated all patients via Sanger sequencing and
MLPA of GJB2 gene, second MLPA of STRC gene deletion and
sequencing of mtDNA regions m.1237 - m.1892 and m.7001 -
m.7982, followed by homemade NGS panel of 174 hearing loss
related genes in negatives.

Results: Mutations in GJB2 gene were identified in 46 (22%),
STRC deletion in 4 (2,4%) and mtDNA in 6 (3,6%).

From 154 NGS-tested patients 78 (50%) were negative, 52
(34%) VUS (ACMG class 3) and 24 (16%) ACMG class 4/5.
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Surprisingly only in one third (8 patients) AD diseases were
identified. The most common findings were AR Usher syndrome
(thrice  USH2A, once USH1C) and Pendred syndrome (thrice
SLC26A4), followed by AD Stickler syndrome (twice COLT1AT, once
COL2AT) and nonsyndromic DFNA20 (twice ACTGT mutation).

Conclusion: We identified genetic background in 80 (38%)
investigated subjects.
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Background/Objectives: Hearing loss is a common sensory def-
icit in humans and represents an important clinical and social
burden. We assessed pathogenic and likely pathogenic variants
associated with non-syndromic hearing loss (NSHL) in a cohort of
unaffected Brazilian individuals referred to genome sequencing.

Methods: We used samples of 2097 patients from participating
centers of the Brazilian Rare Genomes Project to sequence the
whole genome and search for both sequence variants and copy-
number variants in genes associated with NSHL.

Results: We identified 222 heterozygotes (10.59%) for relevant
sequence variants, 54 heterozygotes (2.58%) for copy-number
variants and four homozygotes (0.19%) for sequence variants. An
important fraction of these individuals (n=104) presented
alterations associated with autosomal dominant forms of NSHL.
Using data from the heterozygous individuals for recessive forms
and the Hardy-Weinberg equation, we estimated the population
frequency of affected individuals with autosomal recessive NSHL
to be 1:2,222.

Conclusion: Genome sequencing identified relevant fre-
quencies of molecular alterations associated with NSHL in a cohort
of unaffected individuals and showed to be a valuable method to
study the distinct molecular mechanisms underlying this hetero-
geneous group of conditions.
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Background/Objectives: In this study, we aimed to uncover the
molecular causes of Leber Congenital Amaurosis (LCA) and early-
onset retinal dystrophy (EORD) in 15 families of Saudi Arabian des-
cent, using an integrated approach consisting of autozygosity map-
ping and targeted resequencing or whole exome sequencing (WES).

Methods: A total of 18 patients (7 females and 11 males ran-
ging between 2-9 years old) from 15 Saudi consanguineous
families underwent ophthalmological examinations to establish a
clinical diagnosis. They underwent autozygosity mapping, tar-
geted gene testing combined or not with whole exome sequen-
cing (WES). Variants were validated, classified according to ACMG/
ACGS guidelines, and subjected to segregation analysis if family
members were available.

Results: Patients displayed decreased best corrected visual acuity,
photophobia, amaurotic pupils, congenital nystagmus, and oculo-
digital sign. Likely pathogenic variants were found in 13/15 studied
families in genes previously implicated in LCA/EORD, including 6
novel variants and a putative founder RPGRIP1 variant (c.1107del;p.(-
Glu370Asnfs*5)) for the Saudi Arabia population. Interestingly, a novel
homozygous RIMS2 splice variant c.1751+1G>T was identified in an
EORD patient without any signs of systemic involvement or neuro-
developmental symptoms. All variants were found in runs of homo-
zygosity (ROH), apart from two heterozygous GUCY2D variants.

Conclusion: Our approach uncovered 13 distinct likely patho-
genic variants in 13/15 studied families (86%), demonstrating the
power of autozygosity-guided WES in a genetically heterogeneous
consanguineous cohort with LCA/EORD. Finally, we report a bial-
lelic RIMS2 variant in a seemingly non-syndromic patient and
corroborate the previous role of RIMS2 in EORD pathogenesis.
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Background/Objectives: Autosomal dominant hearing loss
(ADHL) is the second most common form of inherited HL. It affects
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mainly high frequencies and progresses over time. Autosomal-
dominant genes are responsible for about 20% of cases of her-
editary non-syndromic deafness, with 51 different genes identified
to date.

Methods: In this study, 105 families with ADHL underwent
targeted next-generation sequencing (NGS) using a cochlea-
specific HL multi-gene panel (237 genes). Prior to NGS, environ-
mental HL risk factors and DFNB1 locus (GJB2 and GJB6) related
hearing impairment had been excluded in all probands. Presence
of the selected probably pathogenic variants and their segrega-
tion with HL within the family were confirmed by Sanger
sequencing.

Results: Genetic cause of ADHL was identified in 43,8% (46/
105) of the examined families. Among the 46 identified HL var-
iants only 26% (12/46) have been previously reported and the
remaining 74% are novel (34/46). We identified missense variants
(27/46; 58,7%), splice site variant (9/46; 19,5%), stop-gain variants
(5/46; 10,9%) and frameshift variants (5/46; 10,9%). Among the
most common causative genes were MYO6 (n=38), TBC1D24
(n=5), KCNQ4 (n =4), GSDME (n = 4), POU4F3 (n=4) and WFST1
(n = 4). Pathogenic variants causative of HL in the SLC44A4, NLRP3,
LMX1A, FGFR3, CD164, GRHL2, TMC1, COCH, ATP2B2 and CEACAM16
genes were detected in single families.

Conclusion: Considering frequent identification of novel
genetic variants it is necessary to perform thorough clinical
examination and variant segregation analysis with ADHL in all
available family members. In the largest families without genetic
diagnosis of HL linkage analysis and whole genome sequencing
will be performed.
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Background/Objectives: Advanced age-related macular degen-
eration (AAMD) risk correlates with rare Complement Factor | (CFI)
genetic variants associated with low CFl protein levels(1), but the
relationship is unclear.

Methods: Two-sample inverse variance weighted Mendelian
Randomisation (MR) was used to evaluate evidence for relation-
ship between CFl and AAMD risk(2), comparing genetically pre-
dicted CFI levels in AAMD and Geographic Atrophy (GA) patients
and controls.

We derived genetic instruments for systemic CFI level in heal-
thy INTERVAL study participants(3). To evaluate a genetic causal
odds ratio (OR) for effect of CFl on AAMD risk, results were
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combined from an AAMD genome-wide association study(4) with
CFl levels from SCOPE and SIGHT AAMD patients.

Results: Common CFl variant rs7439493 strongly associated
with low CFl, explaining 4.8% phenotypic variance. Using
rs7439493, MR estimates for AAMD odds increase per standard
deviation (SD) CFl decrease were 1.47 (95% confidence interval
(€ 1.30-165 P=21x10""%. MR using rare CFl variant
p.Gly119Arg indicated a 1SD decrease in CFl led to increased
AAMD odds of 1.79 (95% CI 1.46-2.19, P= 1.9 x%). P.Gly119Arg
explained 1.7% phenotypic variance. For benchmarking, results
from a CFl-specific immunoassay on 24 p.Gly119Arg positive GA
patients indicated each 1 SD (3.5 pg/mL) reduction in CFl asso-
ciated with OR 1.67 of AAMD (95% Cl 1.40-2.00, P=1.85x 10"%).

Conclusion: Concordance in MR calculations provide genetic
evidence for a potentially causal role of low CFl increasing AAMD risk.

References: 1. Kavanagh D, et al. Hum Mol Genet.
2015;24(13):3861-3870.

2. Lawlor DA, et al. Stat Med. 2008;15(27):1133-1163.
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Grants: Gyroscope Therapeutics.

Conflict of Interest: Amy Jones Gyroscope Therapeutics Ltd,
Gyroscope Therapeutics stock options, Stuart MacGregor Aus-
tralian National Health and Medical Research Council: Program,
CRE, Fellowship, Gyroscope Therapeutics Ltd, Xikun Han: None
declared, James Francis Gyroscope Therapeutics Ltd, Gyroscope
Therapeutics stock options, Claire Harris Gyroscope Therapeutics
Ltd, Ra Pharmaceuticals, Gyroscope Therapeutics stock options,
Consultancy income from Q32 Bio Inc -Payment to Institution.

Consultancy income from Chinook Therapeutics -Payment to
Institution.

Consultancy income from Biocryst Pharmaceuticals- Payment
to Institution, Royalty income from commercialized factor | ELISA;
Hycult Biotech, David Kavanagh Gyroscope Therapeutics Ltd
funding source, Alexion pharmaceuticals-Personal.

Novartis-Personal,  Gyroscope  Therapeutics,
Therapeutics-Personal.

Alexion pharmaceuticals- Personal & Institutional.

Novartis-Personal.

Apellis pharmaceuticals-Personal.

Sarepta Therapeutics- Personal, Andrew Lotery Gyroscope
Therapeutics Ltd, Gyroscope Therapeutics Ltd, Nadia Waheed
Gyroscope Therapeutics Ltd, Carl Zeiss Meditec.

Topcon.

Regeneron.

Heidelberg.

Nidek.

Optovue, Ocudyne.

Gyroscope Therapeutics stock options, Apellis.

Nidek.

Boehringer Ingelheim.

Gyroscope

EP04 Internal Organs & Endocrinology (Lung, Kidney, Liver,
Gastrointestinal)

EP04.001 Mendelian randomization of eosinophils and other
cell types in relation to lung function and disease

Anna Guyatt’, Catherine John', Alexander T Williams', Nick Shrine’,
Nicola F Reeve', lan Sayers®>, lan P. Hal”?, Louise Wain"*, Nuala A
Sheehan’, Frank Dudbridge’, Martin D Tobin'*

"University of Leicester, Department of Health Sciences, Leicester,
United Kingdom; *University of Nottingham, Division of Respiratory
Medicine, Nottingham, United Kingdom; >National Institute for

SPRINGER NATURE

115



Abstracts from the 55th European Society of Human Genetics (ESHG) Conference

116

Health Research, Nottingham Biomedical Research Centre, Notting-
ham, United Kingdom; “National Institute for Health Research,
Leicester Biomedical Research Centre, Leicester, United Kingdom.

Background/Objectives: Eosinophils are involved in airway
inflammation in respiratory disease. Interleukin-5 (IL5) partly
controls eosinophil production and survival; and response to anti-
IL5 agents in asthma is correlated with baseline eosinophil counts.
However, it is not clearly understood whether eosinophil levels are
causally related to COPD and other respiratory phenotypes. We
investigated causality between eosinophils and: lung function,
acute exacerbations of COPD (AECOPD), asthma-COPD overlap
(ACO), moderate-to-severe asthma, and respiratory infections.

Methods: We performed Mendelian randomization using 151
variants from genome-wide association studies of blood eosino-
phils in UK Biobank/INTERVAL, and respiratory traits in UK Bio-
bank/SpiroMeta, using methods relying on different assumptions
for validity. We performed multivariable analyses using eight cell
types for traits where there was possible evidence of causation by
eosinophils.

Results: Causal estimates derived from individual variants were
highly heterogeneous. This may arise from pleiotropy. The average
effect of raising eosinophils was to increase risk of ACO (weighted
median OR per SD eosinophils 1.44 [95%Cl 1.19,1.74]), and
moderate-severe asthma (weighted median OR 1.50 [95%Cl
1.23,1.83]), and to reduce FEV,/FVC and FEV,; (weighted median
estimator, SD FEV,/FVC: —0.054 [95%Cl —0.078,—0.029]. Effects on
lung function were more prominent in individuals with asthma.

Conclusion: Broad consistency between methods suggests
eosinophils have a causal effect, though of uncertain magnitude.
However, given the heterogeneity in results from individual
instrumental variables, it is possible that these variants impair
respiratory health via pleiotropic mechanisms, rather than by
raising eosinophils. Our results suggest anti-IL5 agents may be
useful in management of other respiratory conditions, including
people with both asthma and COPD.
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EP04.002 Relationship between ADAM19, FAM13A, IREB2
genes common variants and COPD susceptibility and severity

Merve Yumrukuz Senel', Serkan Kabacam? Pelin Simsek-Kiper?,
Gulen Eda Utine?, Mehmet Alikasifoglu’

"Hacettepe University Faculty of Medicine, Medical Genetics, Ankara,
Turkey; *Hacettepe University Faculty of Medicine, Pediatric Genetics,
Ankara, Turkey.

Background/Objectives: Chronic obstructive pulmonary disease
(COPD) is a heterogenous disease characterized by persistent
progressive airway limitation caused by both environmental fac-
tors and genetic predisposition. In this study, we aimed to
investigate relationship between ADAM19, FAM13A, IREB2 genes
previously detected common variants and COPD susceptibility
and severity.

Methods: The clinical data of 110 patients having persistent
airway limitation according to COPD definition of GOLD were

SPRINGER NATURE

collected. Patients were screened for ADAM19, FAM13A, IREB2
genes common variants using BigDye terminator on an ABI Prism
3500 genetic analyzer.

Results: There was a statistically significant relationship
between IREB2 rs2568494 GA genotype and COPD disease. The
number of patients with FAM13A rs2869967 TC genotype were
lower compared to the patients without TC genotype besides;
respiratory insufficiency risk was 3.758 fold increase, mMRC [] 2
risk was 2.359 fold increase. GOLD B+D rate was higher in the
patients with FAM13A TC variant (74.4%) compared to the
patients without FAM13A TC variant (55.2%). FEV1 measures were
observed to be lower in the patients with ADAM19 rs1422795 AG
genotype.

Conclusion: Our results suggest that IREB2 variants may be
associated with COPD. In addition, FAM13A and ADAM19 variants
were not related with the disease susceptibility but with the
severity. ADAM19, FAM13A, IREB2 genes may be contributor of
COPD pathophysiology. Furthermore, associations in different
pathways investigated in our study are so important to identify
new pathways reflecting COPD heterogeneity.

References: 1. GOLD. Global Strategy for the Diagnosis, Man-
agement and Prevention of COPD: 2020 Report. www.
goldcopd.org.
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Background/Objectives: Lethal lung developmental disorders
(LLDDs) are a rarely diagnosed group of pediatric anomalies pre-
senting with severe progressive respiratory failure and persistent
pulmonary arterial hypertension (PAH). They have been histo-
pathologically classified as Alveolar capillary dysplasia with mis-
alignment of the pulmonary veins (ACDMPV), Acinar dysplasia
(AcDys), Congenital alveolar dysplasia (CAD), and other unspeci-
fied primary pulmonary hypoplasias (PHs). LLDDs are caused by
heterozygous alterations involving FOXF1 (ACDMPV), TBX4, FGF10,
or homozygous variants involving FGFR2 (AcDys, CAD, and PHs).
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However, wide variable expressivity observed in carriers of FOXF1
(pLI 0.96), TBX4 (pLI 0.50), or FGF10 (pLI 0.94) heterozygous coding
variants suggests that they alone can be insufficient to manifest
clinically.

Methods: Using exome and genome sequencing, and func-
tional reporter assay, we have studied a four-generation family
with ACDMPV and PAH.

Results: We have identified a frameshift variant ¢.881_902dup
(p.Gly302Profs*46) in FOXF1 in five individuals with ACDMPV
(N=1), PAH (N=2), or unaffected (N=2). Interestingly, in the
proband’s mother and aunt with PAH, we have found a non-
coding rs560517434-A variant within the critical interval of FOXF1
lung-specific enhancer in trans to the FOXF1 coding variant that
increased its promoter activity in a reporter assay 10-fold.

Conclusion: Supporting the recent data on complex com-
pound inheritance of LLDD, our results indicate the non-coding
variant in trans to the heterozygous coding mutation might have
acted as a hypermorph, rescuing the lethal phenotype in the
proband’s mother and aunt.

References: PMID:31686214, 30639323, 35075769.
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EP04.004 Autosomal recessive renal tubular dysgenesis - case
report
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Background/Objectives: Autosomal recessive renal tubular dys-
genesis (ARRTD, ORPHA:97369) is a rare disease characterised by
absent or poor development of proximal renal tubules due to
biallelic pathogenic variants in genes encoding proteins of Renin-
Angiotensin-Aldosteron system. We present case of anhydramnios
in two consecutive pregnancies of unrelated partners. First preg-
nancy was terminated for early anhydramnios and Potter
sequence. Proband was born from the second pregnancy. Prenatal
ultrasound revealed anhydramnios. Postnatally, severe hypoten-
sion, anuria and abnormal ossification of membranous bones were
present.

Methods: Molecular genetic testing was performed by trio
exome sequencing of proband and parents (FocusedExome, Agi-
lent). Confirmation of the variants was performed by Sanger
sequencing. Cosegregation analysis for assessing germline variant
pathogenicity was performed on the DNA isolated from cultivated
amniocytes of the fetus from the first pregnancy.

Results: NGS analysis revealed proband’s compound hetero-
zygous status: nonsense pathogenic variant c.1486C>T
p.(Arg496Ter) in the ACE gene inherited from heterozygous father
and two variants in the ACE gene: in-frame deletion c.41_67del
p.(Leu14_Leu22del) and missense variant  ¢.3490G>A
p.(Gly1164Arg) inherited from heterozygous mother. Both mater-
nal variants are classified as variants of unknown significance by
ACMG. The same genotype was confirmed by cosegregation
analysis in the fetus from the first pregnancy.

Conclusion: Based on the molecular properties of in-frame
deletions of leucine residues in signal peptide, typical phenotype
and results of cosegregation analysis we proposed this in-frame
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deletion to be likely pathogenic. Identification of disease-causing
variants allow us to offer PGT-M or targeted prenatal diagnosis.
References:
Grants:
Conflict of Interest: None declared.
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polymorphism on asthma control in children observed at the
age of 8 to 10 years
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Background/Objectives: The aim of this study was to examine
the association between sex and glutathione S transferase gene
polymorphisms in children with asthma, aged 8-10 years. Some
studies demonstrate a close association between the and clinical
asthma expression. GST gene has a number of polymorphisms,
including GSTM1 and GSTT1, which are thought to have a direct
impact on the pathophysiology of asthma.

Methods: Blood samples were taken from 50 kids (33 boys and
17 girls born in the term) who, due to respiratory difficulties.
Multiplex PCR was used to determine the presence or absence of
GSTT1 and GSTM1 genes in the presence of the control -
globin gene.

Results: GSTT1 was detected in 36% (18) of boys and 14% (7)
of girls, while GSTM1 was observed in 4% (2) of boys and 2% (1) of
girls. GSTT1 and GSTM1 were observed in 22% (11) of boys and
14% (7) of girls. A positive correlation between allergies and GSTT1
was found as strong in boys and medium in girls. GSTM1 and
allergies were negatively correlated in males, while the same
polymorphism was positively correlated with asthma in females.

Conclusion: GSTT1 polymorphism appears to play a role in
asthma development in children, regardless of their sex. However,
GSTM1 seems to have a protective effect against allergy devel-
opment in males, while it potentially increases the risk of child-
hood asthma in females.

References: Su X, Ren Y, Li M, Kong L, Kang J. Association of
glutathione S-transferase M1 and T1 genotypes with asthma: A
meta-analysis. Medicine (Baltimore). 2020;99(34):e21732.
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Background/Objectives: Lethal lung developmental disorders
(LLDDs) are rare anomalies characterized by severe respiratory
failure in neonates, with lack of treatment. LLDDs include alveolar
capillary dysplasia with misalignment of pulmonary veins
(ACDMPV), acinar dysplasia (AcDys), congenital alveolar dysplasia
(CAD), and other primary pulmonary hypoplasias (PHs). They are
caused by heterozygous alterations involving FOXF1 (80-90% of
ACDMPV) and TBX4 or FGF10 (65% of AcDys, CAD, and PHs). The
aim of our study was to identify LLDD-causative variants in Polish
patients. Recently, we provided evidence for a complex com-
pound inheritance of LLDDs.

Methods: DNA samples from two deceased neonates with
clinically and histopathologically diagnosed LLDDs and from one
fetus with suspected hydronephrosis were analyzed using
arrayCGH and/or Sanger sequencing of TBX4, FGF10, and FOXF1.

Results: Our analyses revealed a heterozygous variant c.16G>A
(p.Gly6Ser) in TBX4 (MAF <0.001) in one patient, inherited from
her apparently healthy father; further studies, including in trans
non-coding variants that may have influenced the disease phe-
notype are pending. Prenatal testing in the mother of the fetus
with hydronephrosis revealed a de novo heterozygous CNV
deletion on 16qg24.1, involving FOXF1 and its upstream lung-
specific enhancer (chr16:86,053,209-86,705,830; hg19), enabling
ACDMPV diagnosis.

Conclusion: Complementary clinical, histopathological, and
genetic studies are needed for efficient diagnosis of LLDDs and to
further elucidate their reported complex compound inheritance.

References: PMIDs:19500772, 30639323, 31686214, 35075769.
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EP04.009 Diagnostic yield and recognized barriers of a
pediatric endogenetics clinic
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Background/Objectives: Background: The advent of molecular
genetic technologies paved a path for the diagnosis of many
pediatrics endocrine disorders. Joint evaluation by endocrinolo-
gists and medical genetics specialists can potentially increase
diagnostic effectiveness by ensuring the exclusion of non-genetic
mimics, by rationally selecting appropriate genetic diagnostic
tools, by shorten the workup process and guide therapy. There is
paucity data regarding the potential Diagnostic benefit of an
integrated endogenetics clinic.

Objective: Evaluation of the diagnostic’s yield of an integrated
endogenetics clinic.

Methods: A retrospective review of medical records of all
patients who attended the clinic between 2017 and 2021.

Results: 210 patients were evaluated. The diagnostic’s yield
was 20% compared to less than 10% of non-multidisciplinary
genetic clinic.

Conclusion: Given the frequent futile use of diagnostic mod-
alities, referral of non-genetic mimics among endogenetic
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disorders and the complexity of clinical genomic data analysis, a
multi-disciplinary endogenetics clinic seems justified. Further
research is needed to assess endogenetics clinic effect on larger
scale data.
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Background/Objectives: Identifying the molecular etiology for
diabetes can guide treatment, allow early screening and suppor-
tive therapy for associated features, and inform familial recur-
rence. Most panel testing historically performed has not included
non-coding regions or mitochondrial genes. We retrospectively
assessed the diagnostic utility of NGS panels containing both
nuclear and mitochondrial genes, including selected non-coding
variants, associated with monogenic diabetes.

Methods: Clinical reports of 507 patients with suspected
monogenic diabetes who underwent panel testing at a CLIA
laboratory were examined (MODY Panel, n = 387; Comprehensive
Monogenic Diabetes Panel; n = 120). Testing included sequence
and copy number variant (CNV) analyses of NGS data from a
validated clinical exome assay, including established non-coding
variants. Mitochondrial genome was included for 199 patients.
Molecular diagnosis was defined as the identification of patho-
genic or likely pathogenic variant(s) consistent with the patient’s
phenotype and known associated disease inheritance.

Results: A molecular diagnosis was established in 24.9% (126/
507) of patients in 11 genes. Most molecular diagnoses were
identified in GCK (n=78, 61.9%), HNFIA (n=22, 17.5%), and
HNF1B (n=7, 5.6%). Diagnostic CNVs were reported in ten
patients. A diagnostic non-coding variant in INS was identified in
one patient. The mitochondrial MT-TLT m.3243A>G variant was
identified in six patients.

Conclusion: Nearly 25% of patients in this cohort received a
molecular diagnosis, including a non-coding variant in one patient
and mitochondrial variant in six patients, demonstrating the
diagnostic utility of panel testing with concurrent analysis of both
nuclear and mitochondrial genes including selected non-coding
variants for individuals with suspected monogenic diabetes.

References:

Grants:

Conflict of Interest: Alicia Scocchia Significant; Blueprint
Genetics Inc, Johanna Kéansdkoski Significant; Blueprint Genetics,
Kimberly Gall Significant; Blueprint Genetics Inc, Julie Hathaway
Significant; Blueprint Genetics Inc, Archie Taylor Significant; Blue-
print Genetics Inc, Johanna Huusko Significant; Blueprint Genetics,
Manuel Bernal Significant; Blueprint Genetics, Pernilla von Nan-
delstadh Significant; Blueprint Genetics, Johanna Tommiska Sig-
nificant; Blueprint Genetics, Inka Saarinen Significant; Blueprint
Genetics, Matias Rantanen Significant; Blueprint Genetics, Jennifer
Schleit Significant; Blueprint Genetics Inc, Massimiliano Gentile
Significant; Blueprint Genetics, Pertteli Salmenpera Significant;
Blueprint Genetics, Jussi Paananen Significant; Blueprint Genetics,

European Journal of Human Genetics (2023) 31:91 - 344



Samuel Myllykangas Significant; Blueprint Genetics, Juha Kosken-
vuo Significant; Blueprint Genetics.
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Background/Objectives: Cilia and flagella are evolutionarily
conserved organelles whose motility relies on the outer and inner
dynein arm complexes (ODAs/IDAs). Defects in ODAs/IDAs result
in primary ciliary dyskinesia (PCD), a disease characterized by
recurrent airway infections and male infertility. To date PCD
mutations in assembly factors cause a combined ODA/IDA defect,
affecting both cilia and flagella.

Methods: We identified four loss-of-function mutations in
TTC12, which encodes a cytoplasmic protein, in four independent
families in which affected individuals displayed a peculiar PCD
phenotype characterized by the absence of ODAs and IDAs in
sperm flagella, contrasting with the sole absence of IDAs in
respiratory cilia.

We analysed both primary cells from individuals carrying TTC12
mutations and human differentiated airway cells invalidated for
TTC12 by a CRISPR-Cas9 approach, as well as TTC12 depletion in
the ciliated model, Paramecium tetraurelia.

Results: Our results revealed an IDA defect restricted to a
subset of single-headed IDAs different in flagella and cilia, while
TTC12 depletion in Paramecium tetraurelia recapitulated the sperm
phenotype.

Conclusion: Overall, our study, which identifies TTC12 as a new
gene involved in PCD, unveils distinct dynein assembly mechan-
isms in human motile cilia versus flagella.
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Background/Objectives: By performing WGS of single somatic
genomes from the kidney of 6 healthy donors, we have identified
a specific kidney cell subset that is prone to somatic mutagenesis
during aging (Franco et al. 2019). This subset expresses markers of
kidney tubule damage-repair, such as KIM1 and VCAM1. Here, we
aim to better elucidate the mechanisms underlying the excess of
somatic mutations in these cells.

Methods: To overcome the limitations connected with low
availability of somatic genomes from normal kidneys, we devel-
oped a protocol for in vitro expansion of kidney epithelial cell
clones, obtained from the urine, a non-invasive, easy-to-collect
biopsy. Concomitant whole genome- and transcriptional marker-
analyses of clonal populations allow the study of mutation land-
scapes in specific kidney cell types.

Results: An average of 2 clones per urine sample (range 0-5)
expanded enough for WGS and transcriptional marker-analysis
(n =28 urine samples from 12 donors, aged 24-63 years). Both
KIM14+VCAM1+ and KIM1-VCAM1- kidney tubule epithelial cells
could be cultured. Collected DNA was of suitable quality for WGS.
Furthermore, 1 in 7 clones expanded sufficiently for functional
experiments aimed to dissect the molecular mechanisms leading
to enhanced mutagenesis in the KIM1+VCAM1+ subset.

Conclusion: Kidney cell culture from the urine is a suitable
method to profile somatic mutations in single pre-cancer gen-
omes from human kidneys and dissect molecular mechanisms of
mutagenesis.

References: Franco, |. et al,, Genome Biol, 2019, 20(1): 285.
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Background/Objectives: Inherited cystic kidney disease (CKD) is a
heterogeneous group of conditions commonly leading to end
stage kidney disease. Identifying the molecular etiology of CKD
can have implications for clinical management. However, genetic
testing using NGS is complicated by segmental duplication in
several genes. A strategy that addresses these challenging regions
is needed to maximize diagnostic potential. Here, we assessed the
diagnostic yield of NGS panels in a cohort of CKD patients.
Methods: We examined test results from 1007 patients tested
for CKD at Blueprint Genetics. Testing was done with the Poly-
cystic Kidney Disease Panel (up to 12 genes) or the Cystic Kidney
Disease Panel (up to 41 genes). The panels included 4 genes
challenged by regions of segmental duplication. Copy number
analysis was done bioinformatically using two different pipelines,
including a proprietary pipeline for the detection of small CNVs.
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Results: A genetic diagnosis was established in 557 patients
(55%). Diagnostic variants were identified in 17 genes. The most
frequently implicated genes were PKD1 (364 patients, 65%), PKD2
(75 patients, 13%), PKHD1 (40 patients, 7%) and HNF1B (37
patients, 7%). Of patients with a diagnostic PKD1 variant, 77%
(280/364) were located within the pseudogene regions. Diagnostic
CNVs were reported in 9% (49/557) of all diagnosed patients.

Conclusion: These results demonstrate the clinical utility of
genetic testing for CKD using NGS panels. Most diagnoses are due
to variants in PKD1 emphasizing the importance of including tai-
lored approaches for challenging genomic regions. Given the
frequency of CNVs, including high-resolution CNV detection sig-
nificantly improves the diagnostic potential.
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Background/Objectives: Congenital nephrotic syndrome (CNS) is
an autosomal recessive kidney disease characterized by massive
proteinuria, edema, and hypoproteinemia. Most cases of CNS are
caused by mutations in the NPHS1 gene that encodes nephrine.
Physical examination, family history and laboratory tests allow to
suspect the disease.

Methods: clinical-genealogical, molecular-genetic, paraclinical,
instrumental.

Results: A 28-day-old boy showed an increase in the size of the
abdomen, a decrease in appetite and a decrease in diuresis. The
child was born prematurely, with low body weight, from the first
pregnancy against the background of chronic pyelonephritis, the
risk of miscarriage and polyhydramnios. Prenatal ultrasound
screening revealed an increase in the right kidney of the fetus,
signs of intrauterine infection. Objectively on examination: the
child’s condition is severe due to edema, hypovolemia, decreased
diuresis. Symptom complex of nephrotic syndrome: proteinuria,
hypoproteinemia, arterial hypotension. Ultrasound examination of
the kidneys revealed diffuse changes in the parenchyma. The child
is suspected of congenital nephrotic syndrome of the Finnish type,
a molecular genetic study was recommended. The boy was found
to be homozygous for two pathological alleles of the NPHS1 gene
(c.2053G>T (p.Gly685Cys Ta c.2746G>A(p.Ala916Thr). Symptomatic
treatment of the child was ineffective, the child died. The father
and mother are heterozygous carriers of both mutations in the
NPHS1 gene.

Conclusion: Taking into account the genotypes of the parents,
as well as the fact that recessive mutations in NPHS1 are asso-
ciated with a severe course of the disease, recommendations are
given for planning subsequent pregnancies using reproductive
technologies and prenatal diagnosis.
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an unselected cohort with suspected congenital
hypothyroidism or resistance to thyroid hormone
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Background/Objectives: Congenital hypothyroidism (CH) and
resistance to thyroid hormone syndrome (RTH) are conditions
impacting production/use of thyroid hormones. The etiology of
monogenic CH is diverse and identifying a precise diagnosis and
beginning early treatment can prevent significant neurologic and
motor damage. We assess the diagnostic utility of panel tests for
individuals with suspected CH or RTH and provide an overview of
the yet uncharacterized molecular diagnostic findings identified in
this population.

Methods: A retrospective review of 117 individuals who
underwent panel testing for CH or RTH at Blueprint Genetics was
performed. Testing included both sequencing (NGS) and copy
number variant (CNV). The target region included the coding
exons of up to 22 genes and up to 16 non-coding variants in
these genes.

Results: A molecular diagnosis was established in 19.7% of
patients. Molecular diagnoses were identified in seven genes
associated with thyroid dysgenesis, dyshormonogenesis, or RTH:
THRB, TG, NKX2-1, DUOX2, PAX8, TSHB, and TSHR. Diagnostic var-
iants were not identified in the SLC5A5 or TPO genes. No P/LP
CNVs were found. Diagnostic yield for CH was significantly higher
among individuals tested in their first 2 years where most P/LP
variants associated were presumed truncating variants.

Conclusion: We describe the molecular findings in an unselected
cohort undergoing genetic testing for suspected CH or RTH. A
molecular diagnosis was found in 19.7% of individuals with a higher
diagnostic yield in individuals tested at <2 years. This study reinforces
the importance of genetic testing in this patient population.
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Background/Objectives: 21-Hydroxylase deficiency (21-OHD) is
an autosomal recessive disorder caused by CYP21A2 gene muta-
tions and is the most common form of congenital adrenal
hyperplasia. Here we present the results of genetic analysis of
CYP21A2 gene in a Romanian selected group of paediatric patients
with clinical signs of classic 21-OHD.

Methods: All patients were recruited in a tertiary endocrinol-
ogy centre. Based on biochemical and clinical data we identified
10 patients with classic 21-OHD. The age at diagnosis varied
between 5 days and 3 years. CYP21A2 gene molecular analysis was
done according to EMQN guidelines' including Taql PCR-RFLP,
Sanger sequencing and multiplex ligation-dependent probe
amplification (MLPA) to identify gene mutations and large frag-
ment deletions/conversions. Then, the genotypes were analysed
in correlation to patients’ clinical presentation (genotype-pheno-
type correlations).

Results: Genetic analysis confirmed classic form of 21-OHD in
all 10 patients. Large deletions/conversions were detected in
majority of alleles (30.77 %), followed by IVS2-13A/C>G micro-
conversion (15.38%) and 1172N (15.38%), R357W (7.69%), Q318X
(3.85%) and P31L (3.85%). We also identified a plethora of poly-
morphisms, synonymous modifications or missense mutations
with predicted benign consequences. Genotypes of all 10 patients
were consistent with the suggested clinical phenotype (7 salt-
wasting and 3 simple-virilising forms).

Conclusion: The molecular analysis strategy combining MLPA,
PCR-RFLP and Sanger sequencing is able to identify the complex
mutation spectrum of CYP21A2 gene. In our study large deletions/
conversions were dominant in classic 21-OHD patients, and the
genotype-phenotype correlation is high.

References: 1.Baumgartner-Parzer S, et al. Eur J Hum Genet.
2020 Oct;28(10):1341-1367.
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EP04.018 Next generation sequencing (NGS) for the
identification of mutations in genes, associated with various
degrees of chronic kidney disease and hyperuricemia
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Background/Objectives: The aim of this study was to apply next
generation sequencing (NGS) for genetic testing of hyperuricemia/
gout patients with chronic kidney disease.

Methods: After obtaining informed consent, we collected
samples from 5 patients. We used TSO gene panel and MiSeq
platform (lllumina) for targeted sequencing of 4 813 genes. For
variant confirmation and segregation analysis we applied Sanger
sequencing. The pathogenicity of each nucleotide change was
evaluated based on the ACMG criteria.

Results: Pathogenic or potentially pathogenic missense var-
iants were found in several genes involved in maintaining normal
kidney structure and function - COL4A3, COL4A4, UMOD, GATM
and SLC14A2, coding for the a3 and a4 chains of type 4 collagen,
uromodulin, the mitochondrial L-arginine: glycine amidino-
transferase and UT2 transporter, respectively.

Two of the substitutions, in COL4A3 and UMOD, were novel
with unknown effect. The UMOD variant, p.Arg222Cys
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(rs1313544461), was identified in an individual with prominent
family history - multiple affected members in three generations.
The variant segregated with the disease, is absent in GhomAD and
was judged pathogenic by multiple prediction tools. Based on the
ACMG criteria p.Arg222Cys was assumed the disease-causing
mutation in this family.

Conclusion: The present study is a first attempt to identify the
genetic cause of hyperuricemia associated with impaired kidney
function in Bulgaria. Identifying the molecular basis of the disease
will guide the choice of therapy in each case and will contribute to
our understanding of the biological processes governing the
normal renal function.
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EP04.020 A unique case of severe liver disease associated with
the recurrent c.187C>T, p.(Arg63Trp) variant in HNF4A
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Background/Objectives: The recurrent c.187C>T, p.(Arg63Trp)
variant in HFN4A is associated with a multisystem metabolic dis-
ease characterized by congenital hyperinsulinism, diabetes, and
renal Fanconi syndrome. Of the 15 cases reported in the literature,
only 6 presented with liver involvement, which was mild and
transient.

Methods: We report a 16-year-old boy born to non-
consanguineous parents and presenting with lower limb defor-
mities and short stature secondary to rickets, Fanconi syndrome,
chronic liver disease with portal hypertension, esophageal varices
requiring endoscopic band ligation, and early-onset diabetes. His
mother had a similar phenotype, except for liver disease.

He was born preterm and hypotonia, thrombocytopenia, and
cholestatic jaundice with abundant cytoplasmic glycogen on liver
biopsy warranted extensive metabolic workup, but no cause was
identified.

The clinical picture suggested the diagnosis of Fanconi reno-
tubular syndrome 4 (FRS4) with maturity-onset diabetes of the
young (MODY) (MIM#616026).

Results: Sanger sequencing of MODY genes identified the
heterozygous variant c.187C>T, p.(Arg63Trp) in HNF4A, confirming
the diagnosis. The variant was shown to be maternally inherited.

Conclusion: This FRS4 with MODY patient has the most severe
form of liver disease reported so far, showing that, contrary to
previous belief, FRS4 with MODY can be associated with liver
disease that is not mild or transient. Thus, we suggest that liver
function should be monitored in these patients.

The patient’'s mother has normal liver tests, emphasizing the
variable expressivity of this disorder.
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EP04.021 Report of 4 patients with pulmonary hypertension
and ¢.622G>T variant in NFU1 gene: is there a founder effect?
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Background/Objectives: Multiple mitochondrial dysfunctions
syndrome 1 is A recessive disorder due to pathogenic variants in
NFUT gene. Failure to thrive, pulmonary hypertensién and neu-
rological regression are the most common features of this disease.

Methods: Here we report four patients from three unrelated
families with homozygous variants in NFUT gene. In patients 1 and
2 the diagnosis was uncovered by whole-exome sequencing, and
in patients 2 and 3 by direct Sanger sequencing because of clinical
suspicion.

Results: The main clinical characteristics of our patients include
failure to thrive (4/4), pulmonary hypertension (4/4), neurological
regression (4/4) and glycine levels (3/3). All patients died in the first
6 months of life. None of the families had a history of consanguinity,
but all had a known Basque Country background. Whole exome
sequencing in patients 1 and 2 identified a homozygous
€.622G>T(p.G208C) variant. Sanger sequencing of ¢.622G>T variant
confirmed the diagnosis of suspect in patient 3 (sibling) and 4.

Conclusion: In infants with pulmonary hypertension, failure to
thrive, neurological regression and increased glycine from the Basque
country, Multiple mitochondrial dysfunctions syndrome 1 due to
NFUT c.622G>T variant should be considered. The Basque origin of all
the patients with a common haplotype suggests a founder effect in
this population. Screening in Basque Country population could be
performd to estimate an overall carrier rate of the mutation.

References: Navarro-Sastre, Aleix et al. “A fatal mitochondrial
disease is associated with defective NFU1 function in the
maturation of a subset of mitochondrial Fe-S proteins.” American
journal of human genetics vol. 89,5 (2011): 656-67.
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Background/Objectives: Intrahepatic cholestasis of pregnancy
(ICP) is a pregnancy-specific liver disease, characterized by skin
pruritus and elevated total bile acids (TBA). It can induce preterm
birth, fetal distress, and stillbirth. Typically, ICP was diagnosed in
the third trimester of pregnancy. This study aimed at constructing
a predictive model utilizing clinical features and plasma cell-free
RNA (cfRNA) to predict ICP in early pregnancy.

Methods: Detailed clinical information and plasma cfRNA were
collected from 149 pregnant women (ICP, N=43, control,
N =106) between 13 and 25 gestational weeks with a bile acid
measurement <10 pmol/L. A predictive model was constructed
and validated in an independent cohort of 54 pregnant women
(ICP, N=11, control, N =43).

Results: The liver function indicators, including TBA (P < 0.001),
alanine aminotransferase (P <0.001), and y-glutamyl transpepti-
dase (P < 0.001) were elevated in women subsequently diagnosed
as ICP. Consistently, liver-specific signatures in plasma cfRNA were
significantly higher in pregnancies with ICP, and gene set
enrichment analysis found that pathways related to bile acid
transport and liver function were enriched in up-regulated genes.
The integrated predictive model was more accurate, with an area
under the receiver operating characteristic curve (AUROC) of 0.87
compared with the models derived for clinical features (AUROC,
0.75) and plasma cfRNA (AUROC, 0.80).

Conclusion: Altogether, the combination of clinical informa-
tion and plasma cfRNA can identify liver-specific signatures in
early pregnancy and effectively predict subsequent ICP. These will
be benefit in ICP detection and prevention.
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Background/Objectives: Orodental findings as amelogenesis
imperfecta (Al), dentinogenesis imperfecta (DI) and gingival
fibromatosis (GF) could be characteristic pathognomonic and
diagnostic features in rare syndromes.

Methods: Three patients were recruited from the Centre of
Excellence clinics, National Research Centre, Cairo, Egypt. The first
patient was 7 years old male with negative parental consanguinity.
The clinical examination revealed hypertrichosis and gingival fibro-
matosis. The second patient was 6 years old male with positive par-
ental consanguinity. Clinically, the patient had an extreme short
stature and opalescent teeth. The third patient was 13 years old
female with positive parental consanguinity. The patient complained
of short stature and amlogenesis imperfecta. Preliminary diagnosis
went to Hypertrichosis/Gingival fibromatosis (OMIM# 135400) and
Goldblatt syndrome (OMIM# 184260) for patient 1 and patient 2,
respectively. The diagnosis remained unknown for patient 3.

Results: Targeted sequence for TRIP11 gene in Patient 2 was
performed and was negative. Blood samples were sent for WES
that revealed KCNK4, MIA, and GZF1 mutations, respectively. The
diagnosis of patient 1 was Facial dysmorphism, hypertrichosis,
epilepsy, intellectual/developmental delay, and gingival over-
growth syndrome (FHEIG) (OMIM# 618381), patient 2 was odon-
tochdrondysplasia type 2 without hearing loss or diabetes (OMIM#
619269), patient 3 was joint laxity, short stature and myopia
(OMIM# 617662).

Conclusion: Orodental geneticists play an important role in
cooperation with the multidisciplinary team to reach the accurate
diagnosis and the proper genetic counseling. Orodental findings
as tooth structure defects could be pathognomonic to some rare
syndromes. Moreover, a dental management plan was designated
according to the confirmed diagnosis.
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Background/Objectives: X-Linked Hypophosphataemia (XLH) is a
rare, progressive, hereditary phosphate-wasting disorder char-
acterised by excessive fibroblast growth factor 23 activity, caused by
changes in the PHEX gene. The International XLH Registry is an
ongoing 10-year data collection programme. Here, we describe
baseline family history and genetic data from the first interim analysis.

Methods: The International XLH Registry (NCT03193476),
initiated August 2017, aims to recruit 1,200 children and adults
with XLH. This analysis describes results of patients eligible as of
29/03/2021. Data are presented on XLH family history and genetic
findings.

Results: Overall, 579 subjects (64.6% female) were included in
this analysis. Data on XLH family history were collected for 466
(80.5%) subjects; 220 (47.2%) recorded their biological mother
affected with XLH, 71 (15.2%) recorded their biological father
affected. The 311 subjects reporting siblings had a total of 309
affected siblings (mean =0.7; SD = 0.78). Information on genetic
evaluation was available for 495 subjects; of them 309 (62.4%) had
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undergone genetic testing. Two subjects’ ages were not reported;
the proportion of subjects with recorded genetic testing results
was higher in children (239/330, 72.4%) vs adults (68/163, 41.7%).
Of these subjects, the majority had a confirmed PHEX variant
(88.7% children; 91.2% adults). Non-PHEX variants were reported
in the paediatric population only: FGF23 variants in 3 children,
SLC4A3 in 1 child, and “other” in 7.

Conclusion: The International XLH Registry provides real-world,
genetic findings and family history in people affected by XLH.

The authors acknowledge the contribution of all members of
the XLH Registry Steering Committee.
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Background/Objectives: Classic Ehlers-Danlos syndrome (cEDS) is
a connective tissue disorder, mainly caused by heterozygous
COL5A1 or COL5A2 variants encoding type V collagen. The diag-
nosis is established with the minimal clinical diagnostic criteria
and molecular testing. Herein, we report a family with four
affected persons in three generations with identified variant of
uncertain significance in COL5AT gene.

Case report: The index patient, a female at age of 12y, pre-
sented with mitral valve prolapse, photophoby, chronic fatigue,
chronic pain in knees and ankles, epicanthus, mild scoliosis, ara-
chnodactyly, skin hyperextensibility and joint hypermobility.
Family history revealed affected father, brother and grandfather.
Father at age of 47y presented with progressive and painful
contractual arachnodactyly with Heberden’s nodes, foot pain, easy
fatigue, shortness of breath, hypertrophic obstructive cardiomyo-
pathy and discal hernias. Brother at age of 24y presented with
contractual arachnodactyly and pectus excavatum. Grandfather
was expired and history of contractual arachnodactyly was given.

Methods: As the index patient fulfilled the criteria for cEDS
with skin hyperextensibility and joint hypermobility and minor
criteria of epicanthus, complications of joint hypermobility and
family history we performed next generation sequencing (NGS)
connective tissue disorders panel.

Results: A novel variant of uncertain significance, c.260_262del
(p.Thr87del), was identified in COL5AT gene in the index patient.
Family testing of the father and the sibling was performed and the
same variant was identified in both family members.

Conclusion: The clinical manifestations range in severity, and
families with mild to severe expression have been described.
Genotype-phenotype correlations remain to be determined.
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Background/Objectives: Osteogenesis Imperfecta (Ol) is com-
monly defined as “brittle bones” disease, but there are also more
characteristics like blue sclerae, hearing loss, dental problems,
ligamentous laxity and a short stature. Easy bruising is also a very
common feature and there are multiple case reports on haemor-
rhagic events in Ol. Large population studies on bleeding tendency
in Ol are very sparse, while other connective tissue disorders with
easy bruising have much more relevant research. This paper reviews
the clinical aspects of bleeding and bruising in Ol based on the self-
bleeding assessment tool (BAT) questionnaire among a large cohort
of Ol patients. The aim of this study is to make a first translation to
clinical consequences of bleeding due to surgery, tooth extraction,
menstrual and obstetrical bleeding and to present therapeutic
considerations relevant to bleeding in Ol

Methods: This explorative study was conducted at the national
expert center for adults with Ol in the Netherlands. The self-BAT
was digitally distributed among 354 adults with different clinically
confirmed types of Ol.

Results: 195/354 patients with Ol types 1,3 and 4 were inclu-
ded. Self-BAT scores were increased in 37-44%.

Conclusion: Bleeding tendency seems to be a relevant feature
in Ol patients. This study should be a wakeup call for all clinicians
who treat Ol patients to consider assessment of bleeding ten-
dency and take the right interventions to reduce haemorrhagic
symptoms and improve quality of life.
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Background/Objectives: Ectodermal dysplasia (ED) is a hetero-
genous nosologic group of disorders characterized by primary
defect in at least two of the ectodermal derived tissues, namely
hair, nails, teeth and sweat glands. The most common features are
teeth agenesis, absent or reduced sweating (anhydrosis or hypo-
hidrosis), hypotrichosis and dysplastic nails. The oral and dental
findings include tooth agenesis, microdontia, abnormal shaped
teeth and decreased salivary flow. More than 163 ED phenotypes
have been reported with different patterns of inheritance, how-
ever the X-linked hypohidrotic ED (OMIM#305100) caused by EDA
gene represents the most frequent type. Only 75 ED phenotypes
were linked to 77 genes which makes molecular diagnosis chal-
lenging and drives the search for potential disease-causing
variants.

Methods: Fifteen ED Patients from 12 Egyptian families were
subjected to oro-dental and general clinical examination focusing
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on the skin, and other ectodermal elements. Whole exome
sequencing (WES) was performed for the probands. Familial seg-
regation was confirmed using Sanger sequencing.

Results: We identified eight pathogenic and likely pathogenic
variants in three genes (EDA, EDAR and NECTIN4) including
five novel mutations. We report five variants of unknown sig-
nificance (VUS) in four other genes (NFKB2, RSPO4, BTD and
KRT14).

Conclusion: WES provides a valuable tool in identifying
potentially disease-causing variants in a phenotypically diverse
group of ED. The detection of four VUS requires further functional
studies for evaluation. Recognizing the genetic causes of the
condition help in genetic counselling and in possible finding of
new treatments.
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Background/Objectives: Osteopetrosis is a genetically hetero-
geneous group of skeletal disorders, which is result of differ-
entiation or functional defects of osteoclasts. That leads to bone
thickening, abnormal bone marrow cavity formation and impaired
bone remodeling. The most severe form of osteopetrosis is
infantile malignant osteopetrosis. It is a rare genetic disorder, the
incidence is 1:250000, most often a result of mutation in TCIRG1
gene. The reported patient is a 1-year old boy presented with
visual impairments, bone marrow failure, hepatosplenomegaly,
hypocalcemia and supportive X-ray changes of increased bone
density and bone-to-bone appearance. There is history for par-
ental consanguinity.

Methods: Upon physical examination he was found to have
impaired visual milestones, abnormal craniofacial appearance,
short limbs, hepatosplenomegaly, inguinal and umbilical hernias.
Laboratory results shows anemia, hypocalcemia, hypopho-
sphatemia, hyperparathyroidism, high alkaline phosphatase, low
25(0OH)D. There is MRT data for hydrocephalus. The molecular
genetic analysis was performed by NGS (panel, that includes the
associated with osteopetrosis genes).

Results: The clinical manifestation, laboratory tests and x ray
changes make the diagnosis osteopetrosis highly likely. It was
confirmed by genetic testing, that revealed a novel homozygous
pathogenic variant, ¢.205C>T (p.GIn69%) in TCIRG1. The couple of
parents are carriers of the mutation.

Conclusion: Early diagnosis is important to direct the appro-
priate treatment to prevent the disease progression before irre-
versible sequelae occur. The surveillance and treatment are
managed by multidisciplinary team. The only treatment of infan-
tile malignant osteopetrosis is haemopoetic stem cell transplan-
tation. Our patient was referred to specialized center for treatment
of osteopetrosis.

References:

Grants:
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EP05.010 Identification of rare novel TSPEAR variants in
autosomal recessive ectodermal dysplasia using whole exome
sequencing

Eman Rabie'?, Inas Sayed®, Ghada El-Kamah®, Suher Zada?, Hoda
Radwan’, Nehal Hassib®, Mostafa Mostafa®, Khalda Amr’

'National Research Centre, Medical Molecular Genetics Department,
Human Genetics & Genome Research Division (HGGR), Giza, Egypt;
2The American University in Cairo (AUC), Biotechnology program,
School of Sciences and Engineering, Cairo, Egypt; *National Research
Centre, Orodental Genetics Department, Human Genetics & Genome
Research Division (HGGR), Giza, Egypt; *National Research Centre,
Clinical Genetics Department, Human Genetics & Genome Research
Division (HGGR), Giza, Egypt; >National Research Centre, Orodental
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(HGGR), Giza, Egypt.

Background/Objectives: Ectodermal dysplasia (ED) is a group of
heterogenous inherited disorders due to the dysfunction of
ectodermal developmental processes with subsequent defects in
at least two of four ectodermal derivatives, these are hair, teeth,
nails and sweat glands. ED can be classified into five clusters
according to the disrupted developmental pathway. The disease-
causing gene remains unknown in approximately 50% of ED. We
used whole exome sequencing (WES) to identify disease causing
variants in a cohort of phenotypically variable ED patients whose
underlying molecular pathology could not be characterized
through targeted NGS panel containing EDA, EDAR,
EDARADD&WNT10A genes.

Methods: DNA was extracted from blood samples of nine ED
patients from eight consanguineous families. WES was performed,
followed by Sanger sequencing for segregation of variants of
interest. For novel missense variants, changes in protein structure
were predicted in silico.

Results: Five novel TSPEAR variants disrupting functional
domains were identified. A frameshift homozygous variant was
identified in one patient with severe clinical picture. An in-frame
deletion was identified in seven patients with variable clinical
presentations: in five patients in homozygous form, and in a
compound heterozygous form with a missense variant in two
patients. One patient had two compound heterozygous missense
variants.

Conclusion: We expanded the clinical and molecular spectrum
of TSPEAR variants which might propose an additional ED cluster
since TSPEAR is known to function via Notch signalling pathway.

References: Wright et al., 2019 (PMID: 30703280).

Bowles et al,, 2021 (PMID: 34042254).
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EP05.012 Positive association between a common
polymorphism within the GPR126 gene and idiopathic
scoliosis in Bulgarian patients

Svetla Nikolova’, Milka Dikova?® Alexandre Loukanov’®
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Background/Objectives: Several genome wide association stu-

dies suggested that polymorphic variants of GPR126 gene could
take part in the pathogenesis of idiopathic scoliosis. The present

European Journal of Human Genetics (2023) 31:91 - 344

Abstracts from the 55th European Society of Human Genetics (ESHG) Conference

case-control study investigated the association between a com-
mon polymorphism, GPR126 (rs6570507, A/G), and idiopathic
scoliosis in Bulgarian patients.

Methods: The association study was performed on 127
patients and 254 controls after obtaining written informed con-
sent. The mean Cobb angle was 53.8+21.2°. The mean age of
patients was 11.2 + 2.9 years. The cases were divided into sub-
groups based on disease onset, sex, family history, and curve
progression. The genotyping was carried out by TagMan Real-
Time PCR method. The statistical analysis was performed by
Pearson’s chi-squared test and Fisher’s exact test with p-value less
than 0.05 as statistically significant.

Results: The frequencies of the variant G allele and the GG
genotype in the total group of patients and in the subgroup of
patients with Cobb angle above 40° were significantly higher than
those in the controls (p < 0.05). In addition, this case-control study
revealed  statistically  significant  association  between
GPR126*rs6570507 and primary scoliosis in females, adolescents,
and sporadic cases.

Conclusion: The results confirmed previously reported asso-
ciations between a common variant of GPR126 gene and idio-
pathic scoliosis in Caucasian and Asian populations and suggested
that the molecular marker rs6570507 is an independent predis-
posing and modifying factor of idiopathic scoliosis in different
subgroups of Bulgarian patients.

References: Kou et al. Sci Rep. 2018;8(1):11575.

Grants: MEXT/JSPS KAKENHI NeT20K05260 and Jikoshunyu
Kyoinhaibun-keihi NeT5452.
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EP05.013 Targeted next-generation sequencing contributes to
genetic diagnosis of osteogenesis imperfecta in Bulgarian
patients
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Dimova'?, Radka Kaneva’

"Laboratory of Genomic Diagnostics, Molecular Medicine Center,
Department of Medical Chemistry and Biochemistry, Medical Faculty,
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Background/Objectives: Osteogenesis imperfecta (Ol) is a sys-
temic connective tissue disease characterized by low bone mass,
bone fragility, and deficient growth. The clinical phenotype is
highly variable and there is also genetic heterogeneity. Clinical
exome sequencing (CES) help genetic diagnosis, counseling, and
treatment of Ol patients.

Methods: Ten patients with Ol were directed for targeted next-
generation sequencing (NGS) in Molecular Medicine Center in the
period 2019-2021 year. NGS was performed on MiSeq platform.
Direct sequencing by Sanger was used in order to confirm esti-
mated pathogenic variants.

Results: Genetic cause of the disease was estimated in 5 from
10 analyzed patients. Pathogenic/probably pathogenic variants in
COL1A1 were found in 4 patients and a nonsense variant in
COL5A1 in one patient. The variants that we have detected in
COL1A1 are one missense, one nonsense, and 2 frameshift
mutations. In 1 from 5 of undiagnosed patients, we found het-
erozygous missense pathogenic variant in BMP1. In an Ol patient
girl with deafness genetic cause for the disease was not found but
two missense variants in MYO7A and COCH were observed. These
genes are associated with deafness and probably they could
contribute to hearing loss in the patient. In another patient with
not estimated genetic cause for Ol we found a heterozygous
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pathogenic variant in SLC26A2 gene, mutations in which are
associated with autosomal recessive chondrodysplasias.

Conclusion: Targeted NGS contributes substantially to genetic
diagnosis of Ol and allowed detection of disease-causing mutation
in 50% of the patients.

References: OMIM.

Grants: DO01-285/17.12.2019, DO01-395/18.12.2020, DO01-302/
17.12.2021.
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Marfan syndrome
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Background/Objectives: Neonatal Marfan syndrome (nMFS) is
characterized by a severe neonatal or infantile phenotype.
We present a patient with nMFS and lethal cardiovascular
phenotype.

Methods: Fetal ultrasound performed at GA 41+3 showed
pronounced tricuspid regurgitation with a dilated right atrium, atrial
flutter with 2:1 conduction and atrial rate of 280. Incipient circula-
tory overload led to acute caesarean section. The patient was flaccid
at birth and needed respiratory assistance. ECG showed sinus
rhythm of 120 bpm, birth weight 3800 g, length 60 cm and head
circumference 33 cm. Persistent pulmonary hypertension of the
newborn and worsening cardiorespiratory distress was evident the
first 24 hours. Other phenotypic features involving enlarged hands
and feet with arachnodactyly, elbow and knee flexion contractures,
inverted thumbs, disproportionately long forearms and lower legs,
long narrow face, micrognathia, premature craniosynostosis of
sutura metopica and coronalis, deep set eyes, hypoplastic ear car-
tilage and loose skin were striking.

Echocardiography showed that all cardiac structures were
enlarged with prolapse, annular dilatation and regurgitation of
both atrioventricular valves, and aortic dilatation with regurgita-
tion. Also, a non-restrictive PFO/ASD was noted. Following medical
supportive therapy and palliative care, the boy deceased from
congestive heart failure at 4 months of age.

Results: Genetic analysis revealed heterozygosity for a de novo
FBNT variant: ¢.3284G>C (p.Cys1095Ser).

Conclusion: The clinical and genetic findings and considera-
tions in this case can be helpful for the prenatal and clinical
diagnosis, management and genetic counseling in patients with a
similar clinical picture and/or the same variant in FBNT.
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Background/Objectives: First trimester ultrasound on a foetus of
a 33-years-old lady at her third pregnancy (previous ones ended in
spontaneous abortions) identified increased NT (3.60 mm, >99th
centile). A chromosomal analysis was performed, which showed a
normal male karyotype (46,XY).

Ultrasound in the 17th week of gestation showed an abnormal
flection with lateral deviation of both hands and bilateral talipes
equinovarus, movements of all limbs were normal. A further ultra-
sound in the 19th week of gestation showed short ribs with abnormal
curvature, abnormal conformation of the column, reduced fetal
movements, amniotic fluid at the upper limit. An array-CGH-analysis
(60K, AgilentTechnologies) did not show any pathogenic CNV.

Because of the prognosis, the pregnancy was interrupted. In
addition to the ultrasound findings, fetal autopsy showed facial
dysmorphisms (flat face, anteverted nares, long philtrum, macro-
glossia, short neck), arachnodactyly, platyspondyly of the thoracic
vertebrae and reduced ossification of cervical vertebrae.

Methods: SureSelect-Agilent Custom Constitutional Panel
17Mb encompassing 5219 genes. Virtual panel “skeletal disorders”
(342 genes).

Results: The analysis led to the identification of a homozygous
likely pathogenic variant (c.668G>A, p.(Gly223Asp)) in the B3GAT3
gene (Larsen-like Syndrome). Both parents were confirmed to be
carrier of the same missense variant and it was found that they
had ancestors in a small village located north-west of the Italian
city of Turin. This might therefore be a founder mutation of the
valleys nearby Turin.

Conclusion: The identified variant might be a founder mutation
of the valleys nearby Turin. This case expands the knowledge of the
B3GAT3 phenotypic spectrum to the prenatal manifestations.

References:
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Background/Objectives: Ehlers-Danlos syndrome (EDS) is a het-
erogeneous group of heritable connective tissue disorders. The
2017 International Classification of EDS recognized 13 subtypes
caused by pathogenic variants in 19 different genes, encoding
different types of collagen as well as protein involved in collagen
metabolism or functioning. For all types of EDS, the genetic back-
ground was determined, except for the hypermobile type (hEDS).

Aim of our study was an evaluation by aCGH (Array Com-
parative Genomic Hybridization) a large alterations in genome as a
potential background of hEDS.

Methods: The study group included 43 hEDS patients, 33
women and 10 men, negative for NGS-EDS panel (lllumina).

aCGH was performed using Agilent SurePrint G3 Unrestricted CGH
8 X 60K microarrays (Agilent Technologies) which provide an average
resolution of 120 kb. These microarrays contain approximately 60000
probes. Results were analyzed using CytoGenomics software.
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Results: In tested patients no large deletions or duplications
were detected. In 42 only benign variants were found, in 2 of them
any alterations in genome were observed.

Conclusion: Application of different molecular methods still
did not give us an answer to the question about genetic back-
ground of hEDS. Our investigation shows that also large genome
changes are not the basis of this connective tissue disorder.

References: 1. Malfait F, Francomano C, Byers P, et al.: The 2017
international classification of the Ehlers-Danlos syndromes. Am J
Med Genet C Semin Med Genet. 2017;175(1):8-26.
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Background/Objectives: Male-pattern hair loss (MPHL) is a pre-
valent and highly heritable form of hair loss. GWAS have identified
>350 genomic risk loci and have implicated numerous candidate
genes and pathways. However little is known about the cell types
and hair-cycle stages in which these genes and pathways exert
their pathobiological effects.

Methods: We used (i) a statistical model that relies on the
assumption that genes with critical functions in pathogenic cell
types are likely to be located within disease-associated loci (Hu
et al,2011) together with (ii) published GWAS-data (Yap et al,, 2018),
and (iii) a comprehensive single-cell RNASeq dataset of the murine
hair follicle (HF) during hair growth and rest (Joost et al.2020) to
identify MPHL-relevant HF-cell types across hair-cycle stages.

Results: Our analyses revealed a role of different HF-cell types
across and in specific hair-cycle stages. While e.g. dermal fibroblasts
seemed to be of pathogenic relevance across hair-cycle stages,
sebaceous gland cells and endothelial cells seemed to specifically
contribute to MPHL-pathogenesis during growth or rest, respec-
tively. Pathway-based analyses of the most specifically expressed
genes in associated cell types suggest a similar picture on the
molecular level, where e.g. androgen-signalling plays a role across
cell types and hair-cycle stages whereas ErbB- or EDA-signalling are
only active in specific cell types and hair-cycle stages.

Conclusion: Our data provide novel insight into MPHL-relevant
HF-cell types and cellular processes and constitute an important
basis for systematic functional follow-up of GWAS findings in
relevant cell types.

References: Hu et al. (2011)-PMID:21963258.

Joost et al. (2020)-PMID:32109378.

Yap et al. (2018)-PMID:30573740.
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Background/Objectives: SHOX-related disorders include idio-
pathic X-linked short stature (MIM#300582), Leri-Weill dyschon-
drosteosis (LWD)(MIM#127300), and Langer mesomelic dysplasia
(LMD) (MIM#249700). Duplications and deletions in the upstream
and downstream conserved non-coding regulatory elements
(CNEs) of SHOX gene are also reported.

Methods: A 7-year-old girl, born at term with bilateral clubfeet
was examined. Birth measurements were unremarkable.
Mesomelic shortness of forearms and legs, Madelung deformity,
ulnar deviation and cubitus valgus were noted. Her height was at
—1.45 SDS. First cousin parents had proportionate average height.

Results: Xrays showed mesomelic dysplasia. Whole genome
sequencing (WGS) was negative. Reevaluation of WGS for SHOX
regulatory regions revealed four copies of GAIN: two upstream
and two downstream. Parents were carriers (Table). The unaf-
fected mother’s X-ray showed mild Madelung deformity.

Conclusion: This is the first report of biallelic inheritance of
both upstream and downstream duplicated CNEs of SHOX gene.
Biallelic CNVs in regulatory regions of SHOX gene may be the
cause of mesomelia resembling mild Langer Mesomelic Dysplasia
without short stature.

References: 1. Spurna Z, Capkova P, Srovnal J, et al. Clinical
impact of variants in non-coding regions of SHOX - Current
knowledge Gene. 2022;818:146238.

2. Bunyan DJ, Baffico M, Capone L, et al. Duplications upstream
and downstream of SHOX identified as novel causes of Leri-Weill
dyschondrosteosis or idiopathic short stature. Am J Med Genet A.
2016;170A(4):949-957.
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UPSTREAM DOWNSTREAM

PATIENT arr[GRCh37] arr[GRCh37]
Xp22.33(168552_451049) Xp22.33(614734_802868)
x4 x4

MOTHER arr[GRCh37] arr[GRCh37]
Xp22.33(168552_451049) Xp22.33(629999_802868)
x3 x3

FATHER arr[GRCh37] Xp22.33 or arr[GRCh37] Xp22.33 or

Yp11.32(168552_451049 or
118552_401049)x3

Yp11.32(614734_802868 or
564734_752868)x3
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EP05.020 An aberrant IRAK1 gene generates a hypersensitive
and hyperactive IRAK1 protein in the synovial fibroblast,
when in presence of Escherichia coli Group D

lipopolysaccharides effectuates an amplified expression of IL-
1, IL-6 and TNFaq, resulting in seropositive rheumatoid arthritis

Lane Scheiber II’
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Background/Objectives: Rheumatoid arthritis is postulated to be
the result of a combination of genetic and environmental
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influences; the mechanistic factors which remain undefined. To
determine cause of RA.

Methods: Root cause analysis of genetic/cellular processes
associated with seropositive rheumatoid arthritis (SPRA) demon-
strates: (1) Proliferation of synovial fibroblasts and expression of
inflammatory cytokines cultivates synovitis. (2) Synovial fibroblasts
mount Toll-like receptor 4 (TLR4) on their surface. (3) Escherichia
coli Group D (EcGD) has been strongly associated with SPRA. (4)
TLR4 triggers due to EcGD lipopolysaccharides. (5) TLR4 utilizes
crucial transducer Interlukin-1 Receptor Associated Kinase-1
(IRAK1) protein to generate IL-2, Il-6 and TNFa, cytokines respon-
sible for RA. (6) IRAK1 gene located on x-chromosome, with SPRA
demonstrating a preponderance for women, and variable pene-
trance likely facilitated by random switching on/off the
x-chromosome gene.

Results: Examination of systemic cellular mechanisms and
genetic factors associated with SPRA demonstrate an overactive
variant of the pivotal IRAK1 protein is the root cause of SPRA.

Conclusion: An anomalous IRAK1 gene results in generation of
hypersensitive and hyperactive IRAK1 protein in fibroblasts, which
when the TLR4 is triggered by serum lipopolysaccharides gener-
ated by presence of EcGD, amplifies expression of IL-1, IL-6 and
TNFa, which results in synovial hypertrophy; left untreated, man-
ifests into erosive arthritis. Blocking the hyperactive IRAK1 protein,
specifically in synovial fibroblast cells, with targeted therapy,
would lead to optimal management of SPRA. In women, whom
develop SPRA, deactivating the aberrant IRAK1 gene in synovial
fibroblasts and actuating IRAK1 demonstrating normal function,
would be highly curative for SPRA.

References: to provide.
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Background/Objectives: Osteoarthritis (OA) is a common joint
disease, with at least 30% genetic determination (Sophie C War-
ner, 2017). By 2020, more than 50 target genes have been iden-
tified (loanna Tachmazidou, 2019), but the results require
validation on different ethnic group (Louise N Reynard, 2013).

Methods: DNA samples from 417 women (51.67 +£11.5 y.o0.)
with OA and 161 healthy women from Ufa (Republic of Bashkor-
tostan, Russia) were analyzed for the associations of polymorphic
variants in 3’ UTR regions of COL1A1, COL11A1, ADAMTS5, MMP1,
MMP13, SOX9, FGFR1, FGFRL1 and incidence of OA using kom-
petitive allele-specific PCR. Ethnic composition was presented as
follows: 144 Russian (Slavic group of the Indo-European language
family), 159 Tatar (Turkic branch of the Altai language family), 114
mixed and representatives of small ethnic groups.

Results: Identified associations are presented in Table 1. All
associations remained statistically significant after Benjamini-
Hochberg correction (p*).

Table 1. Associations of the miRNA target sites loci in different
ethnical groups

SNP Gene, loci Ethnicity Allele p p* OR;
95% CI
rs6854081 FGF2 Tatar G 0.0001 0.0002 OR=4.78;
(4928.1) (1.89-12.02)
rs1061237 COL1A1 Russian C 0.017 0.034 OR=1.77;
(1p21.1) (1.07-2.94)
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SNP Gene, loci Ethnicity Allele p p* OR;
95% CI
rs229069 ADAMTSS Mixed T 0.0002 0.0004 OR =2.25;
(21921.3) (1.30-3.89)
rs73611720 GDF5 Mixed T 0.004 0.008 OR =3.02;
(20911.22) (1.38-6.60)

Conclusion: Ethnospecific markers of OA development in the
FGF2 (rs6854081), COL1A1 (rs1061237), ADAMTS5 (rs229069) and
GDF5 (rs73611720) genes were identified in women from the
Republic of Bashkortostan.
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Background/Objectives: In 2018 a new clinical subtype, caused
by biallelic variants in the AEBP1 gene, was added to the current
nosological classification of the Ehlers Danlos Syndromes (EDS).
This new phenotype, provisionally termed EDS classical-like type 2
(clEDS2), has been not yet fully characterized, as only seven cases
have been reported to date. Here we describe a patient, homo-
zygous for a novel AEBP1 pathogenic variant, whose phenotype is
reminiscent of classical EDS but presenting also with previously
unreported clinical features.

Methods: Besides the EDS typical features, this patient pre-
sented with multiple congenital defects including cleft palate,
agenesis of multiple phalanxes of the left foot, and partial
agenesis of the right pectoral muscle. Cytogenomic array and
targeted exome sequencing, according to the clinical features,
were performed on DNA isolated from a blood sample. Full
clinical examination and medical history were obtained and

compared to the previously reported cases of AEBP1-
related EDS.
Results: An  homozygous  novel  AEBP1  variant,

€.2123_2124delTG (p.Val708AlafsTer5), was detected by exome
sequencing, segregating from heterozygous parents.

Conclusion: Our case recapitulates most clinical features pre-
viously reported in cl[EDS2, especially those reminiscent of classical
EDS. Conversely, the additional congenital defects in this patient
might be novel manifestations, expanding the phenotype of
AEBP1 biallelic mutations. Although a different concomitant
etiology for cleft palate and foot phalanges agenesis cannot be
formally excluded, the connection of AEBP1 protein with TGF-beta
and WNT pathways, for instance through the interaction with
frizzled receptors, may suggest an intriguing common underlying
etio-pathological mechanism.
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EP05.024 Steroid sulfatase deficiency in Tunisian patients:
awareness of STS pseudogene technical trap
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Background/Objectives: X-linked recessive ichthyosis (XLI) is a
genetic disorder that affects the skin, caused by a deficiency of the
steroid sulphatase enzyme encoded by the STS gene (OMIM #
300747). Our work aims to study the clinical and genetic char-
acteristics of 8 Tunisian patients with XLI.

Methods: We collected eight patients with XLI, all males, from
three unrelated Tunisian families from central Tunisia. Genetic
diagnosis was conducted through Sanger Sequencing, haplotype
analysis of STR markers, MLPA analysis, FISH and CGH techniques.

Results: Our 8 patients presented with collodion baby at birth
that evolved into a thick, polygonal, dirty, dark scaly ichthyosis
with a generalized distribution. Direct sequencing revealed the
same 13 bp deletion in all patients. However, their mothers were
not carriers of this variant and no common haplotype was shared
between affected patients around STS gene. Sequence alignment
with reference human genome revealed an unprocessed pseu-
dogene of the STS gene located on the Y chromosome, on which
the 13 bp deletion was actually located. STS MLPA analysis
revealed a deletion of the entire STS gene for the 3 families,
confirmed by FISH and CGH array techniques.

Conclusion: Geneticists must be aware of the presence of STS
pseudogenes that can lead to misdiagnosis. Pseudogenes
sequence similarities with the gene of interest must be taken into
account when designing primers for sequencing to avoid mis-
taken results.

References: Ballabio, A. et al. Isolation and characterization of a
steroid sulfatase cDNA clone: Genomic deletions in patients with
X-chromosome-linked ichthyosis.
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Background/Objectives: Cranioectodermal dysplasia (CED), is a
clinically and genetically heterogenous disorder characterized by
skeletal, craniofacial, and ectodermal abnormalities. CED belongs
to a group of disorders known as ciliopathies and is associated
with defective cilia function and structure. To date six genes have
been associated with this syndrome (WDR35, IFT122, IFT140,
IFT144, IFT52, and IFT43). Here we describe on a 4-year-old male
CED patient whose features include dolichocephaly, multi suture
craniosynostosis, facial dysmorphism, narrow thorax, limb short-
ening, and brachydactyly. The patient presented early-onset
chronic kidney disease and early onset of retinal degeneration.
He developed the end-stage of renal disease at the age of
11 months and has been transplanted at the age of 2 years and
5 months. Retinal dystrophy has been diagnosed at the age of
3.5 years.

Methods: The NGS custom designed SureSelect (Agilent
Technologies) panel consists of 61 genes and 11 single nucleotide
variants (SNVs) known to be associated with craniosynostosis has
been performed in the patient.

Results: Targeted NGS detected two heterozygous variants
p.(Gly303Arg) [c.907A>G] in exon 9 and p.(Leu641*) [c.1922T>G;
rs199952377] in exon 18 in the WDR35 gene. The presence of both
variants was confirmed by Sanger sequencing and segregation
analysis revealed that the mother and father are each carriers of
p.(Gly303Arg) or p.(Leu641*), respectively.

Conclusion: CED patients with variants in the WDR35 gene
should be monitored regularly for kidney function, and standard
ophthalmologic evaluation including ERG and fundoscopy should
be performed to detect early signs of retinal degeneration.

References: Tan, W., Lin, A, & Keppler-Noreuil, K. (2021). Cra-
nioectodermal Dysplasia. Definitions.

Grants:

Conflict of Interest: None declared.
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Background/Objectives: We present here a 10-years old girl with
oligondontia and abnormal dental shape with positive family
history (mother, maternal uncle and grandfather). She presented
with eruption of 4 definitive elements (two peg shaped maxillary
central incisors and two firsts inferior molars). Moreover, she
showed a delay in the replacement of the inferior deciduous
incisors. Given the suspicion of oligodontia, an Orthopantoma-
gram was performed, which showed only 10 more still unerupted
definitive elements, confirming the diagnosis. Given the positive
family history, a clinical exome was performed in duo with the
mother.

Methods: SureSelect-Agilent Custom Constitutional
17Mb encompassing 5219 genes.

Virtual panel “oligodontia” (31 genes).

Results: The analysis led to the identification of a heterozygous
likely pathogenic variant in the PAX9 gene (c.7714+1G>A, p.?) in
both mother and daughter. The variant, never reported, absent in
the main population and mutation databases, alters the canonical
donor splicing site. Skipping of exon 4 would lead to a frameshift.
However in absence of functional data, the use of an alternative
upstream or downstream splice site cannot be excluded.

Conclusion: PAX9 is associated with non-syndromic selective
tooth agenesis type 3 (OMIM # 604625). This condition is inherited

Panel
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in an autosomal dominant way and affected people mostly show
lack of permanent molars and possibly of second premolars and
central incisors, which may also show shape anomalies. This
phenotype is highly overlapping with that of our family.

Further segregation analysis in the family and functional stu-
dies are needed in order to expand the pathogenic mechanisms
underlying PAX9-associated oligodontia.
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Background/Objectives: Neurofibromatosis type 1 (NF1; MIM
613113) is a autosomal dominant disease, characterised by the
presence of cafe-au-lait macules, Lisch nodules and neurofi-
bromas. Cone-rod dystrophy (CORD; MIM 602225) is characterized
by decreasing visual acuity, loss of color vision, decreasing per-
ipheral vision and nyctalopia leading to blindness.

Methods: The authors present a case of a 16 year old girl
diagnosed with NF1 associating Cone-rod dystrophy.

Results: The patient is in our genetics department record from
the first year of life. Family history is positive for NF1 with one
affected parent, the father. At the latest follow-up she presents
with multiple café-au-lait macules, bilateral axillary freckles,
emerging neurofibromas, strabismus and astigmatism. Molecular
diagnosis confirmed the diagnosis of NF1 identifying the patho-
genic variant ¢.3871-2A>T on NF1 gene (17911.2) and the
c.119G>A varinat on CRX gene (19q13.33) classified as likely
pathogenic based on ACMG guidelines.

Conclusion: NF1 associating CORD has been described only in
a few cases in literature. Although positive diagnostic for NF1 is
based on clinical signs, molecular analysis can confirm the diag-
nosis and provide additional information.

References:

Kylstra JA, Aylsworth AS. Cone-rod retinal dystrophy in a
patient with neurofibromatosis type 1. Can J Ophthalmol. 1993
Apr;28(2):79-80. PMID: 8508343.
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Wilhelm H, Kohl S. Cone-rod dystrophy associated with amelo-
genesis imperfecta in a child with neurofibromatosis type 1.
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13816810.2011.592178. Epub 2011 Jul 5. PMID: 21728811.
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Background/Objectives: Spondylometaphyseal dysplasia with
corner fractures (SMDCF, MIM 184255) is an autosomal dominant
skeletal dysplasia, characterized by irregular metaphyses, coxa
vara, scoliosis and secondary ossification sites (“corner fractures”).
SMDCF is linked to mutations in FNT, encoding fibronectin, an
extracellular matrix glycoprotein. FNT heterozygous mutations are
also involved in glomerulopathy with fibronectin deposits (GFD).
GFD mutations are located in C-terminal part of fibronectin type-ll|
domain.

We aim to describe the SMDCF natural history.

Methods: We recruited 9 cases from 5 families: 2 females and 7
males; 6 children (3 to 14 years) and 3 adults.

Results: All families harbor FNT heterozygous mutations: 4 in
fibronectin type-l domain; 1 in N-terminal part of fibronectin type-
Il domain.

The 3 adult men measure 121 to 160 cm. 5 children displayed
IUGR. 4 children grow between —3 and —5,5 SD (1 GH deficiency).
2 children grow at -1,5/-2 SD, one under GH therapy. Joint
hyperlaxity is noted in 2 families; genu valgum is frequent. 3 cases
have scoliosis; lumbar hyperlordosis is almost systematic.

Metaphyseal dysplasia and coxa vara are constant. 8 cases had
hip surgeries. 4 children display corner fractures, which are no
longer visible in adults. Vertebrae are: tall in adulthood, ovoid in 3
children. A child has basilar impression with posterior fossa cyst.

No patient has impaired renal function.

Conclusion: We confirm a correlation between mutation
localization and clinical presentation. The basilar impression case
indicates systematic spine assessment. Joint laxity assessment is
recommended. We underline endocrinological management, even
if the relevance of GH treatment requires further investigations.
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Background/Objectives: Epidermolysis bullosa (EB) is a geno-
dermatosis in which clinical manifestations varies in severity and
character according to subtype. There are three main EB cate-
gories: simplex, junctional, and dystrophic. EB can be inherited in
recessive (AR) or dominant (AD) manner, AR form being the most
severe.

Methods: Here we present three cases of EB, two cases of
dystrophic EB (DEB) and one case of simplex EB (SEB), genetically
analysed by NGS sequencing. All three patients present bullous
lesions and skin exfoliation, diagnosed by dermatologist.

Results: Following sequencing, we determined three different
mutations. One of the patients with DEB has been identified with a
missense homozygous mutation (c.425A>G) in COL7A1 gene, also
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known as the most common variant among DEB patients. For the
other patient with DEB, two different heterozygote mutations have
been identified, both in COL7A1 gene (frameshift c.5960del, mis-
sense heterozygote c.425A>G). The frameshift c.5960del mutation is
less common,; therefore, there are few information available for this
mutation. The sequencing analysis for the SEB patient revealed a
missense heterozygote mutation (c.1400T>C) in KRT5 gene. The two
DEB variants have been associated with AR inheritance, while SEB
variant has been associated with AD inheritance.

Conclusion: The first conclusion reached is that the same EB
type with similar manifestations can be determined by different
mutations. The second conclusion is that the mutation informa-
tion and knowing the inheritance pattern, can help us predict the
evolution of the disease, create the basis for an accurate genetic
counselling and increase the prevalence of prenatal diagnosis
among families with risk.
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Background/Objectives: Thauvin-Robinet Faivre Syndrome is a
newly defined rare autosomal recessive overgrowth sydrome
characterized with intellectual disability, facial dysmorphism,
macrocephaly and variable congenital malformations. It is caused
by homozygous FIBP mutations. FIBP gene locates on 11g13.1 and
codes fibroblast growth factor intracelluar binding protein. To
date only four patient has been reported with this disorder. Here
we report 2 siblings born from consanginous parents.

Methods: Case 1, 14 years old boy with tall stature, macro-
cephaly, moderate intellectual disability. He has downslanting pal-
pebral fissures, widely spaced/deep set eyes, thick lips, scoliosis,
athrophic-dysplastic right kidney, large hands and feet, 4/5 mild
motor deficit in right arm and leg. His metabolic workup chromo-
some analysis, 5935 FISH analysis, CGG repeat on FMR1 gene, eye
examination and echocardiography were normal. Microarray ana-
lysis was also normal. Case 2, 3 years old girl with tall stature,
macrocephaly, developmental delay, round face, widely spaced
eyes, epichantic folds, flat mid face, thick lips. Her methabolic
workup, chromosome analysis and eye examination were normal.

Results: Whole exome sequencing analyses of casel reveaed
homozygous pathogenic c.412-3_415 dupCAGTTTG, (p. Asp139A-
lafs*Ter3) variant. Sanger sequencing of FIBP gene revealed,
homozygous pathogenic c¢.412-3_415 dupCAGTTTG variant in in
both sibs. This pathogenic variant was also confirmed hetero-
zygous state in parents with direct sequencing.

Conclusion: Here we report a rare autosomal recessive over-
growth sydrome in two affected siblings. Reporting two new cases
with pathogenic FIBP mutation will be support and expand the
clinical spectrum of Thauvin-Robinet Faivre syndrome.

References: Thauvin-Robinet, et al.2016. Clinical Genetics, 89(5).
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Background/Objectives: Osteogenesis imperfecta (Ol) is a group
of rare disorders. It is caused by mutations in the COLTAT and
COL1A2 genes that codify the alpha 1 and alpha 2 chains of type 1
collagen. The incidence of Ol is 1:10,000. The main important signs
include spontaneous fracture or fracture from minor trauma, joint
hypermobility, skin fragility, easy bruising.

Methods: The authors tracked the physical, mental and social
integration of a 32-year-old patient diagnosed with severe Ol
from birth.

Results: Phenotypically the patient presents relative macro-
cephaly frontal bossing, triangular face, blue sclera; He has had
numerous spontaneous fractures (over 100) since birth, leading to
extremely severe disharmonious dwarfism, with marked short-
ening and curving of the limbs, pectus deformity and binding him
to a wheelchair. People with Ol are usually lonely, self-conscious,
sensitive, suspicious of the opinions of others, depressive, with
poorer quality of life (QOL); our patient proved to be the opposite:
he is cheerful, optimistic, passionate about history and politics,
surrounded by friends, lives life to the fullest; he has a Master's
degree in environmentalism; currently working as a customer
service operator.

Conclusion: People with Ol can live a happy and satisfying life.
These people need a number of specific support measures pro-
vided by an adapted lifelong support system delivered through
specialized genetic disease centers.

References: Palomo T, Vilaca T, Castro ML. Osteogenesis
imperfecta: diagnosis and treatment. Curr Opin Endocrin Diabetes
Obes 2017 24(6):381-388.
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Background/Objectives: Hip fracture in the older population is
associated to high morbidity and mortality dependent on, among
others, factors like genetics (7). Autophagy is a process involved in
bone metabolism linked to aging-related diseases. Thus, we ana-
lysed the relationship of single nucleotide polymorphisms (SNPs)
in autophagy related genes (ATGs) with the clinical variables and
outcome of hip fracture in older patients.

Methods: 87 patients from the University Hospital of Sala-
manca, presenting osteoporotic hip fracture and aged 80 years or
older, were included in the study after signing informed consent
in compliance with the Declaration of Helsinki. Biodemographic,
clinical and functional variables were recorded. Genomic DNA was
extracted from peripheral blood by standard phenol/chloroform
protocol and SNP genotyping was carried out using TagMan
probe-mediated gPCR. Four SNPs were analysed: rs3759601
(ATG2B), rs2245214 (ATG5), rs1864183 (ATG10) and rs2241880
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(ATGI16LT). Statistical analysis was carried out using Chi-square,
Student-t and ANOVA tests with statistical significance considered
at p-values < 0.05.

Results: rs3759601 heterozygotes showed lower 90-day survi-
val, while rs2245214 heterozygotes, rs1864183 heterozygotes and
A/A rs2241880 carriers showed higher 90-day survival. Both
rs2245214 and rs1864183 heterozygotes showed better functional
status and rs1864183 heterozygotes showed lower incidence of
comorbidities.

Conclusion: Our results point to a relationship between autop-
hagy and the outcome of hip fracture. This highlights an under-
studied area that could help assess the prognosis of these patients.

References: 1. B. Abrahamsen, T. Van Staa, R. Ariely, M. Olson,
C. Cooper, Osteoporos. Int. 20, 1633-1650 (2009).
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Background/Objectives: Progressive fibrosis of the skin and
internal organs is one of the hallmarks of systemic sclerosis (SSc).
Accumulative evidence demonstrates that Toll-like receptors
(TLRs) may represent the link between immune activation and
tissue fibrosis. Releasing of endogenous TLR ligands and their
binding to TLR receptors complexed to autoantibodies might be
one of the mechanisms that initiate fibrotic events. It arose
recently that ‘fine-tuning’ of the TLR/NF-kB signaling pathway is
taken place through down-regulation of IRAKT gene via miR-146a.

Methods: The expression of TLR7 and miRNA-146a genes in
PBMNC of 50 SSc patients and 13 healthy individuals using RT-
gPCR technique was performed. Comparative analysis of these
genes in affected and unaffected skin areas of the five SSc patient
was performed in addition.

Results: In skin tissue samples the expression of TLR7 gene was
56% lower in affected (mRSS score>10) compared to unaffected
tissue sample. When peripheral blood samples were examined, we
found that patients with severe skin involvement (mRSS score>10)
showed 26% lower TLR7 expression compared to patients with
mild skin involvement (mRSS score<10).

In addition, 19% lower level of miR-146a expression was
detected in affected compared to unaffected skin sample. In
peripheral blood samples, 37% lower expression of miR-146a was
detected in patients with severe skin involvement compared to
patients with mild skin involvement.

Conclusion: Synchronized expression TLR7 and miR-146a
genes in skin tissue samples and blood samples suggest that
both of these molecules should be further investigated as non-
invasive biomarkers for skin involvement in SSc patients.
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Background/Objectives: We saw a 41-year old South Indian
patient (index) and his 10-year old son. They reported a history of
diverse cutaneous and extracutaneous symptoms affecting the
ectodermal appendages. Our aim was to find the underlying
genetic cause of this autosomal dominant ectodermal dysplasia
associated with hypotrichosis, hyperpigmentation, hypohidrosis
and syndactyly for our patients.

Methods: Detailed physical examination was done for both
affected family members. Whole-exome sequencing (WES) was
performed in both patients. Results were confirmed by Sanger
sequencing in the patients and the unaffected parents of
the index.

Results: WES identified the heterozygous variant c.1922C>T;
p.(Ala641Val) in exon 14 of TP63 (NM_003722.5) in father and son.
The variant could not be detected in the unaffected wife/mother.
The parents of the index both did not carry the variant, which
indicates a de novo pathogenic variant.

Conclusion: Since the first description of a TP63 variant, the
broad spectrum of molecular defects within this gene became
increasingly clear. Each patient with a TP63 mutation reported
displayed a plethora of distinct cutaneous and extra-cutaneous
symptoms, reflecting the clinical heterogeneity of these disorders.
The symptoms of the here described family do not fit into any of
the TP63-related entities. The findings of our patients and critical
review of the literature point to a phenotype diversity associated
with TP63 mutations. It seems therefore reasonable to critically
question the old clinical classification and to overcome the his-
torical terminology. We propose the use of the term TP63-
associated disorder for the future.

References:

Grants:

Conflict of Interest: None declared.

EP05.037 A novel frameshift variant of EDAR gene in a patient
diagnosed with hypohidrotic ectodermal dysplasia

Mert Coskun’, Asli Toylu', Alp Peker’, Ozden Altiok Clark’, banu
nur?, ercan mihci®

' Akdeniz University School of Medicine, Department of Medical
Genetics, Antalya, Turkey; Akdeniz University School of Medicine,
Pediatric Genetics, Antalya, Turkey.

Background/Objectives: Hypohidrotic ectodermal dysplasia
(HED) is a hereditary disease characterized by the triad of hypo-
hidrosis, anodontia/hypodontia and hypotrichosis signs. In this
study we present a patient with clinical diagnosis of HED. The
patient had periorbital hyperpigmentation, low-set ears, short
philtrum in addition to the characteristic clinical findings of the
disease. His mother and father were second cousins. We aimed to
analyse DNA sequence of the reported candidate genes for HED
disease in order to confirm the diagnosis of the patient.

Methods: Genomic DNA was extracted from the patient's
peripheral blood sample. Exons and exon-intron transition regions
of the HED associated genes (EDA, EDAR, EDARADD, EDA2R, TRAF6,
IKBKG and WNTT10A) were investigated by next generation
sequencing. Variants were analyzed using lon Reporter Software
(ThermoFisher Scientific Inc.) and SEQ (Genomize Inc.) programs.
Variant information servers dbSNP, ClinVar, Ensembl and ACMG
criteria were used for evaluations.
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Results: In the eighth exon of the EDAR gene, c.677_678dup
(p.Lys227GlyfsTer8) frameshift variant was detected in homo-
zygous state. It was predicted as a “pathogenic” change due to
premature termination of protein translation. The variant was not
reported in population databases (gnomAD, ExAC) and disease-
specific databases (ClinVar, OMIM).

Conclusion: The detected frameshift variant in our study is
presumed a candidate variant that could be attributed to HED,
considering predicted functional effects and its homozygosity. To
better elucidate genotype-phenotype association, variant segre-
gation status in the patient’s family and larger population data will
be examined.

References: https://doi.org/10.1111/ijd.14048, https://doi.org/
10.1007/s13353-015-0307-4.
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Background/Objectives: Melnick-Needles syndrome (MNS) is a
rare X-linked skeletal dysplasia, with severe lethal phenotype in
males and less than 70 cases in the literature. MNS presents with
extreme clinical heterogeneity whereby phenotypes in female
carriers range from severe to very mild. A pathogenic FLNA variant
was detected in a male fetus and is presented in the context of
X-Linked Otopalatodigital Spectrum Disorders.

Methods: A 45 years-old female was referred for clinical eva-
luation and counselling, after 4 miscarriages, a successful IVF and
delivery, and 2 therapeutic abortions due to severe anomalies
(IUGR, hydrops, narrow chest etc). Specialised post-mortem
examination on one of the aborted foetuses with a 46,XY kar-
yotype, indicated renal dysplasia, cleft palate, lungs hypoplasia,
constructures, short neck and multiple congenital anomalies.
Subsequent genetic studies on DNA extracted from frozen tissues
included Whole Exome Sequencing (WES) and targeted Sanger
sequencing.

Results: The NM_001110556.2:c.3562G>A missense variant
detected in hemizygosity is expected to cause a p.(Ala1188Thr)
substitution which based on ACMG guidelines is classified as
pathogenic (PM1, PM2, PP3, PP5). Segregation analysis with San-
ger sequencing verified findings and indicated that the mother is
a manifesting carrier, with very mild characteristics (hoarse voice,
short stature) and the female born to IVF is normal.

Conclusion: To the best of our knowledge, this is only the fifth
time a male with MNS was genetically diagnosed, and the second
record of this specific variant. NGS supports marked improvement
in diagnosis of cases with unusual severe phenotypes even before
complete clinical presentation.

References: PMID: 34008892, 29575627.
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EP05.039 Familial and bilateral Poland Syndrome with hepatic
hemangioma

Mustafa Gunes'?, Sena Cetin'?, Filiz Ozen?, Elif Yilmaz Gulec'

"Istanbul Medeniyet University Medical School, Department of
Medical Genetics, Istanbul, Turkey; ZIstanbul Goztepe Prof. Dr.
Suleyman Yalcin City Hospital, Department of Medical Genetics,
Istanbul, Turkey.

Background/Objectives: Poland Syndrome is a rare congenital
disease known as hypoplasia or absence of pectoralis major
muscle and upper limb abnormalities. Most cases are unilateral
and sporadic, rare familial cases show reduced penetrance. Etiol-
ogy of this disorder is still unknown, however intrauterine vascular
defects have been suspected. Up-to-date only one case with a
hemangioma has been reported (1). We present a familial Poland
Syndrome in three generations with bilateral involvement and
hepatic hemangioma in the proband.

Methods: A 27-year-old male patient was referred with the
complaint of inability to raise his arms. The patient who has
abnormal physical examination findings was evaluated with ima-
ging and whole exome sequencing.

Results: In physical examination, limited abduction was
observed in both shoulders and bilateral pectoralis major muscles
could not be palpated. Family pedigree was compatible with an
autosomal dominant inheritance with variable expression. In the
proband, bilateral absence of the pectoralis major muscle was
confirmed with ultrasound. No abnormalities in other muscles and
thoracic structures were detected with tomography, however
coincidentally, hepatic hemangioma measuring 34x30 mm was
revealed with abdominal MRI. No candidate gene was found in
whole exome sequencing.

Conclusion: Our case is unique with autosomal dominant
inheritance pattern of Poland syndrome and with the presence of
additional vascular defect, a hepatic hemangioma, probably a
genetic vascular disorder without known locus.

References: 1. Riyaz N, Riyaz A. Poland syndrome (anomaly)
with congenital hemangioma: a new association. Indian J Der-
matol Venereol Leprol. 2006 May-Jun;72(3):222-3. https://doi.org/
10.4103/0378-6323.25785. PMID: 16766839.
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EP05.040 Novel DTDST mutation in a Moroccan patient with
diastrophic dysplasia

Maria Mansouri', Meriem El Qabli’, abdmajid moussaoui’, hassan
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Aboussair'?

"Mohammed VI University Hospital, department of genetics,Clinical
Research Center, Marrakech, Morocco; “Cadi Ayyad University, School
of Medicine, Marrakech, Morocco.

Background/Objectives: Diastrophic dysplasia is a rare disorder
marked by short stature with short extremities and joint mal-
formations leading to multiple joint contractures, it's a rare syn-
drome with a prevalence estimated at 1-1.3/100,000. A hitchhiker
thumbs, cleft palate and cystic ear swelling in the neonatal period
may be suggestive signs of this syndrome. Diastrophic dysplasia is
caused by mutations in the SLC26A2 (DTDST), which encodes a
sulfate transporter that is predominantly expressed in the
cartilage.

Objective: Confirm the clinic diagnostic of Diastrophic dys-
plasia in our patient.
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Methods: We studied the DNA from the family by a direct
sequencing analysis of PCR amplified DNA from the proband and
their parents.

Results: We report through this work a undescribed SLC26A2
mutation, in a girl with diastrophic dysplasia.

Conclusion: Interest of genetic consultation and dysmorphol-
ogy expertise in the orientation of the diagnosis for certain con-
stitutional bone diseases.

References: Superti-Furga A, Neumann L, Riebel T, Eich G,
Steinmann B, Spranger J, Kunze J (1999) Recessively inherited
multiple epiphyseal dysplasia with normal stature, club foot, and
double layered patella caused by a DTDST mutation. J Med Genet
36:621-624.

Superti-Furga A, Unger S, the Nosology group of the interna-
tional skeletal dysplasia society (2007) Nosology and classification
of genetic skeletal disorders: 2006 revision. Am J Med Genet A
143:1-18.

Mégarbané A, Haddad FA, Haddad-Zebouni S, Achram M, Eich
G, Le Merrer M, Superti-Furga A (1999) Homozygosity for a novel
DTDST mutation in a child with a ‘broad bone-platyspondylic’
variant of diastrophic dysplasia. Clin Genet 56:71-76.
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EP05.042 A large family with short stature and genu varum:
expanding the phenotype associated with ACAN variants

André Travessa’, Patricia Dias', Belinda Campos-Xavier?, Catarina
Ferreira®, Andrea Superti-Furga®, Ana Berta Sousa’

7Servi§o de Genética Médica, Departamento de Pediatria, Centro
Hospitalar Universitdrio Lisboa Norte, Lisbon, Portugal; “Division of
Genetic Medicine, Lausanne University Hospital and University of
Lausanne, Lausanne, Switzerland.

Background/Objectives: Since 2010, heterozygous ACAN variants
have been found in patients with short stature (SS), advanced
bone age, early-onset osteoarthritis and/or osteochondritis
dissecans.

Here, we report a multigenerational family with 12 patients
with SS, in whom we found an ACAN variant. Some of them also
presented genu varum, thus expanding the phenotype associated
with ACAN variants.

Methods: Two 20-year-old twin sisters were referred at the age
of 2 years due to growth delay and a family history of SS. Preg-
nancy was unremarkable but height at birth was <5th centile.
They evolved with mildly disproportionate SS (136,2 and 138,7cm
at adult age) and macrocephaly, and went on to develop lumbar
hyperlordosis and genu varum that required surgical correction.

The family history was remarkable for several relatives with SS
and lumbar hyperlordosis (son, sister, nephew, father, paternal
grandfather, aunt, uncle, three first cousins, and a second cousin).
Some also had genu varum (paternal grandfather and aunt), and
others had degenerative joint disease (two first cousins).

Results: Whole-exome sequencing performed in the probands’
second cousin documented the presence of a heterozygous
pathogenic variant in ACAN: c.1180C>T, p.(Arg394Ter). This variant
was shown to be present in six affected relatives, including the
twin sisters.

Conclusion: This case highlights the intrafamilial variability of
ACAN-related SS and expands the phenotype to include genu
varum. In the literature, the variant c.1180C>T, p.(Arg394Ter) was
found in one patient with SS, advanced bone age, and osteo-
chondritis dissecans, reinforcing that genotype-phenotype corre-
lations in ACAN-related SS and very limited.

References: None.
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EP05.043 Ectodermal-dysplasia-like phenotype associated
with null variant in LRP6 gene

Franziska Roessler’, Rami Abou Jamra', Vincent Strehlow’

"University of Leipzig Medical Center, Institute of Human Genetics,
Leipzig, Germany.

Background/Objectives: Heterozygous pathogenic variants in
the LRP6 gene are a confirmed cause of selective tooth agenesis 7
(OMIM # 616724). Recently, an 11-year-old male with oligodontia
and sparse scalp hair carrying a truncating LRP6 variant was
reported’.

Methods: In our genetic counseling unit, we saw a 19-year-old
woman with microcephaly, short stature, sparse scalp hair, pale
skin, severe myopia and impressive gestalt. Her teeth were normal
in quantity and morphology. We performed trio-exome-
sequencing.

Results: We identified a heterozygous de novo variant
c.4361dup, p.(Ser1455Lysfs*7) in LRP6. Loss of function is a known
mechanism of tooth agenesis 7. Nonetheless, truncating LRP6
variants are listed in gnomAD (pLI 0.7 and o/e 0.22). Distribution of
pathogenic and gnomAD-variants in LRP6 does not point to a
genotype-phenotype-correlation. There is evidence for an
incomplete penetrance. However, our patient’s characteristics
show hardly any overlap with the established LRP6-associated
phenotype.

Conclusion: Although our patient does not show the typical
symptoms of tooth agenesis 7, we still consider the null variant in
LRP6 to be a candidate explaining her phenotype. The variant
occurred de novo and an overlap of the pathomechanisms of an
ectodermal-dysplasia-like phenotype and oligodontia seems
plausible. Also, there is a recent report of a patient with a null
variant in LRP6 and sparse hair. However, larger cohorts are nee-
ded to clarify if there is a broader phenotypic spectrum including
ectodermal dysplasia.

References: 1.Yu, M. et al. Lrp6 Dynamic Expression in Tooth
Development and Mutations in Oligodontia. J. Dent. Res. 100,
415-422 (2021).
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EP05.044 Genetic variants in epidemolysis bullosa patients in
Lithuania
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Background/Objectives: Epidermolysis bullosa (EB) is a group of
genetic skin diseases that cause fragile, blistering skin. Genetic
testing of these diseases is important to better management and
future predictions.
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Methods: Whole exome sequencing and skin disease virtual
gene panel analysis was performed for seven patients who were
referred to clinical geneticist due to clinical diagnosis of epi-
dermolysis bullosa in The Hospital of Lithuanian University of
Health Sciences in 2021. All patients developed symptoms soon
after birth or in early infancy.

Results: Likely pathogenic variants in KRT5 (NM_000424.4)
gene were found for two patients with no family history of epi-
dermolysis bullosa, one patient with EB dystrophica had novel
variant ¢.1423G>T and other with EB simplex - known variant
¢.74C>T. Two other EB simplex patients with negative family his-
tory had known heterozygous pathogenic c.927+1G>A and likely
pathogenic c.1162C>G variants in KRT14 (NM_000526.5) gene.
Three patients had heterozygous variants in COL7A1
(NM_000094.3) gene. First EB dystrophica patient had known likely
pathogenic variant c.6119G>A. Another patient with EB dystro-
phica was heterozygote for two likely pathogenic variants - one
known maternal c.933C>G, and other novel paternal variant
-c.6449G>A. As parents are healthy, we suspect autosomal
recessive inheritance. Third patient with undefined EB type had
novel VUS-leaning pathogenic variant in COL7AT ¢.7886G>T and
likely pathogenic variant in FLG gene, his family had similar
symptoms in four generations.

Conclusion: Eigth different pathogenic/likely pathogenic var-
iants in three different genes were determined in seven patients.
Three of the variants were novel.
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EP05.045 High prevalence of scoliosis in Koolen-de Vries
syndrome: An international observational retrospective
cohort study
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Netherlands; *Radboud university medical center, Pediatrics, Nijme-
gen, Netherlands; >Radboud university medical center, Medical
Imaging, Nijmegen, Netherlands; “Radboud university medical center,
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*Radboud university medical center, Orthopedic Surgery, Nijmegen,
Netherlands; Sinstitute of Genetics and Molecular and Cellular
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Background/Objectives: The Koolen-de Vries syndrome (KdVS,
OMIM #610443), a rare neurodevelopmental disorder secondary to
17921.31 microdeletion or mutation in KANSL1-gene, is associated
with scoliosis. We describe the prevalence, clinical and radiological
characteristics of scoliosis in KdVS.

Methods: In this international retrospective cohort study, 54
participants with KdVS were included. Mean age of participants
was 13.6 years (SD 8.4). We retrospectively analyzed participants’
spine radiographs, MRI's and corresponding radiology reports for
scoliosis and additional anomalies. Presence of scoliosis-related
clinical conditions were assessed in medical records and patient
surveys.

Results: Scoliosis was present in 30/54 participants (56%).
Prevalence increased with age, from 36% at age 10 to 67% at age
18. Mean age at diagnosis was 10.6 years. During follow-up, the
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number of coronal curves increased and the curve magnitude
progressed. At the time of inclusion, most curves (60%) were
below 30°. Participants with scoliosis received less often phy-
siotherapy (p 0.002). Bracing therapy was received in 7/24 parti-
cipants (29%), and surgical spinal fusion in 3/30 participants (10%).

In KdVS, we found that scoliosis was radiologically associated
with hyperkyphosis (47%) and hyperlordosis (50%). A majority of
the patients had (mild) hypotonia (83%) and all patients (100%)
were able to walk.

Conclusion: Prevalence of scoliosis in KdVS is high: 56%. Sco-
liosis in KdVS cannot be included in one of the existing scoliosis’
categories, therefore we label it as scoliosis due to neurodeve-
lopmental disorder. We advise routine coronal and sagittal full-
standing spine X-ray screening before the start of the growth
spurt and at the age of 18 years.
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EP05.048 Craniosynostosis as an additional feature of rare
genetic syndromes
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Background/Objectives: Craniosynostosis (CS) represents a
highly heterogeneous genetic condition whose genetic back-
ground has not been fully revealed yet. The abnormality occurs
either as an isolated form or syndromic, an element of hundreds
of different inborn syndromes. Consequently, CS may often con-
stitute a challenging diagnostic issue.

Methods: gDNA samples were subjected to whole-exome
sequencing. The coding and flanking intronic regions were enri-
ched using a custom-designed in-solution exome enrichment
(TWIST bioscience, San Francisco, USA) and sequenced using the
lllumina NovaSeq system (lllumina, San Diego, USA).

Results: We revealed seven heterozygous variants in the seven
patients in the following genes — ARID1A (linked to Coffin-Siris
type 2 syndrome), KMT2A (linked to Wiedemann-Steiner syn-
drome), KMT2D (linked to Kabuki type 1 syndrome), MN1 (linked to
MN1 C-terminal truncation syndrome; MCTT syndrome, and
CEBALID syndrome), NSD1 (linked to Sotos type 1 syndrome), and
FAM111A (linked to Gracile bone dysplasia, and Kenny-Caffey
syndrome type 2).

Conclusion: We have shown that CS may be an additional
feature of different, not associated earlier with it, syndromes. We
have also pinpointed the possible underestimated co-occurrence
of CS and intellectual disability, suggesting it may be overlooked
when intellectual disability constitutes a primary clinical
complaint.

References: Morriss-Kay GM, Wilkie AO. Growth of the normal
skull vault and its alteration in craniosynostosis: insights from
human genetics and experimental studies. J Anat
2005;207:637-53.

Lattanzi W, Barba M, Di Pietro L, Boyadjiev SA. Genetic
advances in craniosynostosis. Am J Med Genet Part A Published
Online First: 2017. https://doi.org/10.1002/ajmg.a.38159.
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EP05.049 The role of rare variants in male-pattern hair loss:
Analysis of whole-exome sequencing data in the UK Biobank
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Background/Objectives: Male-pattern hair loss (MPHL) is a highly
heritable and prevalent form of hair loss. Genome-wide associa-
tion studies (GWAS) have identified more than 350 genomic risk
loci, providing insights into the contribution of common genetic
variants (MAF>1%) to MPHL etiology. However, systematic studies
on the relevance of rare variants (MAF < 1%) in MPHL develop-
ment are lacking. Using a tranche of 200,629 exomes from the UK
Biobank, we tested for a contribution of rare coding variants to
MPHL etiology.

Methods: 2,632,801 nonsynonymous variants (MAF < 1%) in
protein-coding genes were tested for association with MPHL using
SKAT-O gene-based and GWAS-style single-variant analyses in a
case-control and extreme phenotypes setting. Association testing
was followed by data interpretation, integration with MPHL GWAS
data, and testing for enrichment in biological pathways.

Results: Both our single-variant and gene-based analyses
identified significant associations of MPHL and rare variants in the
X-chromosomal HEPH and EDA2R genes. Nominally significant
associations were identified for an additional 17,892 single var-
iants and 3,119 genes. This included associations in previously
implicated candidate genes (e.g. WNT10A) and novel candidate
genes at and beyond known GWAS loci (e.g. LAMA5, HOX13).
Notably, nominally significantly associated genes were enriched
for genes causative for monogenic trichoses as well as for genes
located within topologically associated domains of MPHL-
GWAS loci.

Conclusion: Our data point to a contribution of rare coding
variants to MPHL etiology, broaden the MPHL-associated allelic
spectrum at and beyond known risk loci, and suggest a biological
association between monogenic trichoses and the common MPHL
phenotype.
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EP06.001 Aspirin reverses Fibronectin-mediated inhibitory
effect on trophoblast invasion through Akt and ERK signaling
in preeclampsia
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Background/Objectives: Preeclampsia is a severe gestational
hypertensive disorder that represents a major threat to mortality
and morbidity in maternal and fetal health worldwide. The
pathoetiology of preeclampsia is believed to have defects of tro-
phoblast differentiation and trophoblast invasion in placenta.
Recent clinical trials showed that aspirin is an effective agent for
preeclampsia prevention but the drug acting mechanism needs
further investigation. Elevated Fibronectin (FN) expression in
maternal circulation and placenta has been shown to be asso-
ciated with preeclampsia, however, the role of FN in human
pregnancy and its pathoetiology in preeclampsia is unclear.

Methods: FN knockdown (si-FN) and exogenous treatment of
recombinant FN protein in HTR-8/SV neo cells.

Results: In our presenting study, FN was upregulated in the
placenta of preeclamptic patients and aspirin suppressed tro-
phoblast FN expression in a dose-dependent way. FN was shown
to inhibit trophoblast migration and invasion abilities without
affecting cell proliferation. Moreover, FN activated signaling
pathway of ERK and Akt. Aspirin was demonstrated to not only
suppressing FN expression but also reversing FN-mediated inhi-
bitory effect on cell motility and signaling pathway.

Conclusion: In conclusion, FN inhibited trophoblast invasion
and could be a potential biomarker for preeclampsia. Aspirin may
exert its prevention effect from preeclampsia development
through suppressing FN expression and alleviating FN-mediated
inhibitory effect on trophoblast invasion.
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Background/Objectives: Cardiovascular disease is the leading
cause of death worldwide. Decrease or loss of function of myo-
cardial cells or blood vessels is the cause of coronary heart disease.
Telomeres are repetitive DNA sequences located at the ends of
chromosomes that maintain genetic stability. The biology of tel-
omeres is associated with several human disorders and diseases,
especially cardiovascular diseases.

Methods: The study included 30 patients with ischemic disease
and 30 healthy people. The standard phenol-chloroform extrac-
tion method was used to isolate the DNA. RNA isolation was
carried out by the standard method using TRIzol. There was qPCR
for measuring relative telomere lenght (RTL) and hTERT gene
expression.

Results: The results of the study showed that the RTL of
patients before surgery is 2 times shorter compared to this indi-
cator of healthy people living in the same area (p < 0.01). The area
under the ROC curve is 0.667 +0.045 (p =0.01). Through a sys-
tematic analysis, it was found that the OCT in patients with cor-
onary artery disease was significantly shorter than in the control
group, while inversely correlated with the severity of coronary
artery disease. The level of hTERT expression in both groups was
extremely low, slightly higher in the control group (p > 0.05).

Conclusion: Presumably, inflammatory processes and oxida-
tive stress, complementing each other, are the causes of irrepar-
able damage to telomeres, accelerating the aging process and

European Journal of Human Genetics (2023) 31:91 - 344



leading to irreversible consequences in atherogenesis. More
research is needed to elucidate the biology of telomeres in
atherogenesis.
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Background/Objectives: Non-coding RNA (ncRNA), released into
circulation or packaged into exosomes, play important roles in
many biological processes in the kidney. The purpose of the
present study is to identify a common ncRNA signature from
exosomes, urine and plasma associated with early renal damage
and its related molecular pathways by constructing a RNA-based
transcriptional network.

Methods: This is an observational case-control study which
included twenty-one patients with essential hypertension (n =21)
and twenty-two without persistent elevated urinary albuminuria
(UAE) (=30 mg/g urinary creatinine). Three individual libraries (plasma
and urinary exosomes and total plasma) were prepared from each
hypertensive patient for ncRNA sequencing analysis. Next, a RNA-
based transcriptional regulatory network was constructed.

Results: The three RNA biotypes with the greatest number of
differentially expressed transcripts were long-ncRNA (IncRNA),
microRNA (miRNA) and piwi-interacting RNA (piRNA). We identi-
fied a common 24 ncRNA molecular signature related to
hypertension-associated albuminuria, of which IncRNA was the
most representative. In addition, the transcriptional regulatory
network analysis showed five IncRNA (LINC02614, BAALC-AST,
FAM230B, LOC100505824 and LINC01484), and the miR-301a-3p
to play a significant role in network organization and to target
critical pathways regulating filtration barrier integrity, tubule
reabsorption and systemic endothelial dysfunction.

Conclusion: Our study found a combined ncRNA signature
associated with albuminuria, independently of biofluid origin
identifies a handful of potential targets involved in filtration bar-
rier, tubule reabsorption and endothelial function that may be
utilized to treating hypertension-associated albuminuria and car-
diovascular damage progression.
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Background/Objectives: Invective endocarditis (IE) is an inflam-
matory disease characterized by a dysfunction of heart valves and
associated with high level of in-hospital mortality. Innate immune
response playing the important role in the IE pathophysiology is
genetically determined [1]. This study aimed to access the
expression of TLR1, TLR2, TLR4 and TLR6 genes in the native heart
valves obtained from IE patients.

Methods: The expression of TLR1, TLR2, TLR4 and TLR6 genes has
been investigated in biopsies of native heart valves obtained from
26 patients with IE and from 12 patients who underwent surgical
correction of non-infectious heart defects (control) using RT-gPCR
with TagMan probes. ACTB, GAPDH and B2M were used as a refer-
ence gene. The expression level was calculated by ACt method.

Results: We discovered no differences in the mRNA level of
TLR2 in the native heart valves obtained from IE patients and from
patients involved in the control group (fold-change was 0.97). At
the same time, the expression of TLR4, TLR1 and TLR6 was sig-
nificantly decreased in IE patients (fold-change was 0.65, 0.56 and
0.38, respectively) compared to the control.

Conclusion: A decreased activity of TLR-receptors leads to
atypical forms of inflammation due to a failure of the innate
immune response and an increased susceptibility of valve tissue to
bacterial invasion.

References: 1. Weinstock M, Grimm |, Dreier J, et al. Genetic
variants in genes of the inflammatory response in association with
infective endocarditis. PLoS One. 2014; 9(10):e110151.
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Background/Objectives: Chromosomal microarray analysis is
typically the first genetic test offered to patients with congenital
heart disease (CHD), particularly in syndromic cases where copy
number variants (CNVs) and aneuploidies are more common. Few
studies describe the genetic findings in CHD cohorts referred for
Next Generation Sequencing (NGS) panel testing. We present the
diagnostic yield of >200 patients with CHD receiving NGS panel
testing to inform the utility of this test in these patients.

Methods: We undertook a retrospective review of 204 con-
secutive CHD patients who underwent testing for the Congenital
Structural Heart Disease panel. Patients were considered syn-
dromic if their requisition described >1 extracardiac anomaly. The
identification of a pathogenic (P) or likely pathogenic (LP) var-
iant(s) (with a modified ACMG/AMP classification scheme) was
considered diagnostic. Chi-square analysis and Fisher's exact test
determined statistical significance (P value < 0.05).

Results: In this cohort, 14.2% of patients (n =29) had a diag-
nostic test result. P/LP CNVs were identified in 3.4% (n=7) of
patients; two of these were intragenic. The diagnostic yield was
significantly higher in patients with a syndromic presentation
(n=17, 20.7%) compared to an isolated presentation (n =10,
9.5%) (P = 0.015). There was no significant difference in diagnostic
yield by age group at the time of testing (P = 0.8737).
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Conclusion: One in seven patients in this cohort received a
diagnostic test result. CNVs were common; more than one quarter
of these were intragenic. This work demonstrates that: high
resolution CNV detection capabilities are important and NGS panel
testing should be considered for patients with CHD.
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in Italian patients
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Background/Objectives: CMs are functional and structural
abnormalities of the heart muscle characterised by a high clinical
and genetic variability with more than 70 genes so far described.
The main aim is to define the genetic cause of CMs in patients
carefully clinical selected.

Methods: 200 Italian cases (68 familial and 132 sporadic) were
analysed by WES through the lllumina NextSeq 550 platform
focused on an in-silico panel of 66 genes related to cardiac dis-
eases and distinguished into the three categories of CMs (struc-
tural, channelopathies (CAPs) and aortopathies (AORTO)).

Results: Among the enrolled patients, 87.5% were clinically
classified as CMs, 7% as CAPs, and 5.5% as AORTO. WES allowed
the molecular characterization of 21.5% patients with the
highest detection rate in familial cases (34% vs 15% sporadic
ones). TTN, MYH7, MYBPC3, PKP2 and FLNC are the most
mutated genes explaining 70% of the CMs cases. Three main
findings are the identification of 1) two novel gross deletions in
the PKP2 gene confirmed by MLPA and SNPs array 2) a novel
missense variant in the KCNH2 gene in a family affected by
Long-QT Syndrome and 3) a non-canonical splicing variant in
the ACVRL1 gene in a woman affected by Rendu-Osler-Weber
Syndrome.

Conclusion: This study highlighted the importance of a
multidisciplinary approach for the characterization of CMs
patients. The advent of next-generation sequencing technolo-
gies facilitated the molecular diagnosis of the CMs and shed
light on the complexity of this class of diseases, providing
important information for clinical management and recurrence
risk estimation.
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Background/Objectives: Genetic defects are known in up to 18
genes to cause pulmonary arterial hypertension (PAH). However,
in many cases the genetic background is unclear. The objective of
this study was to identify the genetic background of a family with
several cases of hereditary spherocytosis (HS), cholelithiasis and
pulmonary hypertension (PH).

Methods: Whole exome sequencing for four family members
was performed. We included the index patient who manifests
both PH and HS, daughter with spherocytosis only, healthy son
and healthy wife of index patient. Variants in identified genes
were sought in the database Online Mendelian Inheritance in Man
to investigate the genotype-phenotype relationship.

Results: No pathogenic variant in any PAH gene could be
identified in the index patient. Instead, a missense variant,
€.2204C>T p. (Ala735Val), in a gene causative of HS, Solute Carrier
Family 4 Member 1 (SLC4A1), was identified in the index patient
and his daughter. The variant was absent in the healthy members
of the family. It was barely present in controls (0.003%), classified
inconclusive by in silico prediction programs, but showed co-
segregation with the disease in two family members. No further
variant could be identified in the other genes responsible for HS
(ANK1, SPTA1, SPTB, EBP42).

Conclusion: The identified variant in the SLC4A1 gene might
be causative for HS, hemolytic anemia and cholelithiasis as iden-
tified in the index patient and his daughter. All PH patients had
undergone splenectomy prior to the onset of the disease. There-
fore, PH in this family has been classified as group V, PH due to
hematological disorders.
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Background/Objectives: Hereditary Hemorrhagic Telangiectasia
(HHT) is a rare autosomal dominant disease. Genes associated are
involved in the TGF-B/BMPs signaling pathway; arteriovenous
malformations in lungs (pAVMs) are a clinical sign of HHT. Matrix
Gla Protein (MGP) encodes for an extracellular protein, which
inhibits BMP2 and BMP4, regulating ALK1 and VEGF expression. It
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also plays a protective role in pAVMs development in HHT-mouse
model. The study aims to search for MGP variants in HHT patients.

Methods: In 40 pAVMs-HHT patients and 11 non-pAVMs HHT
relatives, the whole MGP gene was sequenced by Sanger. The
variants’ allele frequency was compared to GnomAD database
controls, using Chi-Squared Test.

Results: Eight variants were observed, one in 5'UTR, three in 3’
UTR, one in the coding region and three in deep intronic regions.
They are present in heterozygous and homozygous state in
pAVMs patients, while they are present only in heterozygous state
in non-pAVMs patients. The haplotype reconstruction on chro-
mosome 12 was possible for 12 families. Chi-Squared Test pro-
duced significative p values.

Conclusion: These preliminary results, together with evidence
from literature, suggest a role of MGP in affecting HHT-pAVMs. This
can be related to the regulation of HHT-related pathways invol-
ving BMP4, ALK1 and VEGF by MGP. Haplotype reconstruction
suggests a common pattern for the totality of HHT-patients. The
statistically significant differences in allele frequencies between
patients and controls encourage the hypothesis of MGP-involve-
ment in HHT phenotypic modulation.
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Background/Objectives: Ventricular fibrillation (VF) during acute
myocardial infarction (AMI) is considered the most serious cardiac
rhythm disturbance, causing collapse and cardiac arrest. However,
the understanding of the genetic contribution to VF is very lim-
ited. Variants in genes related to ion homeostasis may increase the
risk of developing such cardiac events.

Methods: Rare genetic variants in 244 genes encoded proteins
were analysed by NGS in 46 patients with FV during AMI. Visua-
lization of variants was performed using IGV and the bioinformatic
analysis of its possible effect was performed with MutationTester,
SNAP2, SIFT2, Polyphen and PhD-SNP.

Results: The variant ¢.1752A>C in EGF gene was identified in a 50
years old male, leading to the aminoacidic substitution p.Lys584Phe.

It encodes a member of the EGF superfamily, that after pro-
cessing leads to the 53-amino acid EGF peptide. Previous studies
have shown that EGF is involved in regulation of various epithelial
ion channels that govern Na™, K™, CI” or Mg*" homeostasis. Its
receptor (EGFR) has also a role in maintaining contractile home-
ostasis under physiologic conditions in the adult heart.

EGF acts as an autocrine/paracrine magnesiotropic hormone
that stimulates Mg®" reabsorption in the kidney. Mutations in this
gene are associated to a renal reabsorption defect, leading to
hypomagnesaemia with normocalciuria and normocalcaemia.
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Conclusion: c.1752A>C in EGF gene may have a pathological
role in the development of VF during AMI due to a constitutive
ionic disbalance.
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Background/Objectives: Arrhythmogenic right ventricular dys-
plasia/cardiomyopathy (ARVD/C) is characterized by progressive
fat or fibrofatty replacement of the right ventricular (RV) myo-
cardium. The cause of ARVD/C is not yet clear, but recent studies
suggest it is most often related to genetic mutations. Left ven-
tricular (LV) or biventricular involvement are increasingly identified
in ARVD/C patients. The genetic background of cardiomyopathies
could shed light on the mechanism of their development, clinical
presentations and new treatment options.

Methods: We describe here a patient affected by arrythmo-
genic right ventricular cardiomyopathy with left ventricular
involvement, with the presence of coronary artery anomalies.
There were aneurisms of coronary arteries and left circumflex
artery (LCx) arises from right coronary sinus. Physiological, ima-
ging and invasive study was performed in details. In addition,
genetic analysis by next generation sequencing (NGS), using panel
of genes for hereditary cardiomyopathy, was done.

Results: We detected a missense mutation in MYBPC3 gene
(c.1316G>A, p.Gly439Asp), classified as variant of unknown sig-
nificance. We discuss myosin-related mutations in different car-
diomyopathies with dosage-dependent effects of MYBPC3 on
myosin that occur across the cardiac cycle.

Conclusion: The association of MYBPC3 mutation with ARVD/C
is worthy to be investigated, since it could have an important
impact on the application of new treatment, using specific myosin
targeted agents.

References: 1. Vimalanathan, A. K, Ehler, E. & Gehmlich, K.
Genetics of and pathogenic mechanisms in arrhythmogenic right
ventricular cardiomyopathy. Biophys. Rev. 10, 973-982 (2018).

2. Hoorntje, E. T. et al. Arrhythmogenic cardiomyopathy:
Pathology, genetics, and concepts in pathogenesis. Cardiovasc.
Res. 113, 1521-1531 (2017).
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Background/Objectives: Inflammation plays a key role in the
pathogenesis of atherosclerosis. However, the role of genetic
variability on inflammation after treatment with proprotein con-
vertase subtilisin/kexin type 9 (PCSK9) inhibitors remains to be
elucidated. For the first time, we examined the influence of poly-
morphisms in CRP, TNF-a, and IL6 genes on plasma levels of hsCRP,
TNF-0, and IL6 at baseline and after treatment with PCSK9 inhibitors.

Methods: A total of 69 patients with stable coronary artery
disease after a premature myocardial infarction were included in
the study. All patients had extremely elevated lipoprotein(a) levels
and received a PCSK9 inhibitor. Genotyping for CRP rs1800947,
TNF-a rs1800629, and IL6 rs1800795 was performed.

Results: Our results showed no significant association between
single nucleotide polymorphisms in CRP, TNF-a, and IL6 and
plasma levels of hsCRP, TNF-q, and IL6, respectively. Consistent
with previous studies, no significant change in levels of inflam-
matory biomarkers was observed after 6 months of treatment with
PCSK9 inhibitors. Moreover, genetic variability in selected genes
was not significantly associated with the change in plasma levels
of corresponding inflammatory markers.

Conclusion: Genetic variability did not affect plasma levels of
inflammatory markers, which could be due to background therapy
with statins or extremely elevated lipoprotein(a) levels, because
lipoprotein(a) itself contributes to inflammation. Further studies
are needed to clarify which factors contribute most to the mod-
ulation of inflammation in high-risk patients.

References: Ruscica et al., Atherosclerosis, 2019.
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Background/Objectives: Pulmonary Arterial Hypertension (PAH)
is a rare disease where the thickening of the precapillary pul-
monary arteries ends up inducing right heart failure. The prog-
nosis of PAH patients depends on multiple factors, being the time
of diagnosis a critical one. Currently, diagnosis is complicated and
usually delayed until performing right-heart catheterization.

Methods: We perform small RNA sequencing in plasma of
idiopathic PAH patients and controls. We used classification
models to analyse the potential of the microRNAs, that we found
differentially expressed, as PAH predictors. Also, we use miRBase
to predict the targets for the dysregulated miRNAs we detected.
Finally, we performed functional assays based on qPCR and wes-
tern blotting to confirm our results.

Results: We were able to find 29 differentially expressed
microRNAs and validate 7 of them in a nationwide cohort (let-7a-
5p, let-7b-5p, let-7¢-5p, let-7f-5p, miR-9-5p, miR-31-5p, miR-3168).
In our cohort, we obtained a model with an AUC of 0.738. Also, we
identified miR-3168 as a novel upregulated miRNA in PAH
patients. We demonstrate that it targets the Bone Morphogenetic
Protein Receptor type 2 (BMPR2), as validated at mRNA and pro-
tein levels. Preliminary results show that miR-3168 overexpression
increases resistance to apoptosis and enhanced angiogenesis.

Conclusion: We found novel downregulated and upregulated
microRNAs in idiopathic PAH patients. We were able to develop a

SPRINGER NATURE

3-microRNA signature for diagnosis and functionally characterized
in vitro the effect of miR-3168 as a possible modulator of the disease.
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Background/Objectives: Genetic tests may facilitate rapid and
effective diagnostics but unfortunately their high costs usually
limit their application in all patients (1). We aimed to investigate
the utility of rapid, cost effective and high sensitive Multiplex
ligation probe amplification analysis (MLPA) for detection copy
number variants (CNV) in newborns with critical CHD, admitted to
the Neonatal Intensive Care Unit (NICU).

Methods: Study included 100 consecutive newborns admitted
to the NICU, University Children’s Hospital in Belgrade from
August 2014 to September 2019. Patients with viable trisomies
(21, 18 and 13) were excluded. All participants were tested by
MLPA analysis using SALSA MLPA P250-B2 Di George and SALSA
MLPA P311-B1 Congenital Heart Disease probemixes (MRC Hol-
land, The Netherland).

Results: Pathogenic CNVs were identified in ten (10%) patients.
Nine of them had 22q11.2 deletion detected by both kits while
one patient had 3p25 deletion detected by P311 kit.

Conclusion: Genetic evaluation of all newborns with critical
CHD admitted to the NICU by rapid and inexpensive MLPA ana-
lysis using combination P250 and P311 SALSA probemixes could
contribute to high detection rate of pathogenic variants.

References: 1. Monteiro RA, Freitas ML, Vianna GS et al. (2017)
Major contribution of genomic copy number variation in syn-
dromic congenital herat disease: the use of MLPA as the first
genetic test. Mol Syndromol 8: 227-23.
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Background/Objectives: Autosomal dominant arrhythmogenic
right ventricular cardiomyopathy (ARVC) due to TMEM43 p.S358L
is a sex influenced cause of sudden cardiac death (median age 40
yrs. in men, 67yrs. in women) and heart failure. We have
demonstrated that the implantable cardioverter-defibrillator (ICD)
significantly improves survival and described the natural history
and clinical course using 27 large multiplex families. Anecdotal
evidence suggests that women are presenting with an ICD dis-
charge 2240 beats per minute (previously shown to be a death
equivalent) earlier than family history would suggest. We wished
to investigate temporal changes in severity using our dataset
spanning 100 years.

Methods: We compared 76 affected women (obligate carriers
and/or positive for p.S358L TMEM43) in each of two birth cohorts
(DOB 1960-1999 and DOB 1920-1959). Using SPSS v 22 we per-
formed Kaplan Meier survival analysis, and cox proportional
regression to the end point of death or an ICD firing of 2240 beats

per minute.
Results:
Cohort N  # Events Survival Test of equality KM Cox PR
time KM
Mean Std. Log Breslow Tarone
Error Rank Ware

1920- 76 32 753 2.26 p=006 p=003 p=0.04 p=0.06
1959
1960- 76 10 527 1.08

1999

Conclusion: There is a trend toward earlier presentation in the
younger cohort. We will re-analyse, adjusting for life expectancy
differences between 1920 and 1999. These results suggest that
non- genetic influences may be affecting the younger cohort, thus
women may not be as protected as previously thought. Historic
family data is powerful as it allows temporal changes to be seen.
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Background/Objectives: Tatton-Brown-Rahman syndrome (TBRS)
is an autosomal dominant overgrowth syndrome caused by het-
erozygous and usually de novo pathogenic variant in DNMT3A.
This syndrome was first described in 2014, since then an
increasingly wider spectrum of neurological, skeletal and cardio-
logical clinical features has been found in adults.

Methods: We present a 34-year-old male who was referred to a
cardiologist due to episodes of weakness, dizziness, and a cold
sweat. The patient had psychomotor retardation, tall stature,
obesity, kyphoscoliosis, coarse facial features, synophrys and cor-
rected pectus excavatum in childhood. Cardiovascular evaluation
revealed left ventricular (LV) dilatation with non-compaction,
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aortic root dilatation, mitral prolapse with moderate regurgitation
and short episodes of ventricular tachycardia. During follow-up,
aortic dilatation (from 5.0 to 6.0 cm) and mitral valve regurgitation
(from moderate to severe) progressed, indicating the need for
surgical correction.

Results: Genetic analysis revealed a likely pathogenic hetero-
zygous variant of the DNMT3A gene NM_022552.4:c.2324C>A,
NP_072046.2:p.(Ser775Tyr). This variant has not been described in
literature before. Segregation analysis in the family showed that
€.2324C>A variant was inherited from the 58-year-old mother.
Additionally, the genetic alteration was identified to the 39-year-
old brother of the proband. Both affected relatives have LV dila-
tation, mild to moderate mitral valve regurgitation. Furthermore,
the older brother was diagnosed with aortic root dilatation
(4.5 cm).

Conclusion: Clinical examination of the affected individuals in
the family showed variable expressivity and incomplete pene-
trance of specific clinical features of TBRS, including the aortic
disease and cardiomyopathy, which might be major complications
of the syndrome and require specific therapeutic management.
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Background/Objectives: Brugada Syndrome (BS) is an inherited
arrhythmogenic disease with risk of sudden cardiac death in
young asymptomatic adults. SCN5A is the only known causative
gene, though 22 genes are associated with BS susceptibility;
70% patients remain genetically undiagnosed. To identify new
candidate genes, we performed Whole Exome Sequencing (WES)
of 172 patients, both sporadic and familiar cases. To investigate
the oligogenic hypothesis, 22 SCN5A-positive patients were
enrolled too.

Methods: WES was performed on lllumina Platforms (mean
coverage: 180X, 97% target region >20X). Reads were analyzed
using Dragen Bio IT Platform, coding and splice regions variants
(MAF<0.01%) prioritized and classified according to ACMG
guidelines, with support of eVai-EnGenome software. Burden Test
extrapolated genes with higher mutation burden, suggesting a
possible pathogenic role.

Results: Most prioritized variants were missense (88%) located
in new candidate genes belonging to ion channels (25%), sarco-
meric (55%), desmosomal (8%) and nuclear proteins (5%), con-
sistent with disease phenotype. In particular, burden test
confirmed the role of SCN5A and highlighted also possible asso-
ciation of three genes encoding cytoskeletal and channel proteins.

Conclusion: Our data identified new candidate genes which
should be further investigated and confirmed in a larger cohort,
evaluating also possible copy number variations. Genotype-
phenotype correlations will be performed to better stratify
patients, taking into account also the putative oligogenic
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inheritance of the disease, evaluating the possible role of multiple
variants in the clinical phenotype.
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EP06.020 DNA methylation patterns in NSTEMI and unstable
angina pectoris patients
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Background/Objectives: Acute coronary syndrome (ACS) con-
tributes significantly to mortality accounting for nearly one third
of all deaths worldwide. ACS can be divided into ST-segment
elevation myocardial infarction (STEMI), non-ST-segment elevation
infarction (NSTEMI) and unstable angina pectoris (UAP). There is a
need for accurate diagnostic tools for the early identification and
monitoring of CAD, also with respect for the differentiation of
NSTEMI and uAP. The role of DNA methylation has attracted
attention in the field of CAD diagnostics.

Methods: A genome-wide DNA methylation discovery was
performed (lllumina EPIC BeadChips; n =23 NSTEMI, n = 25 uAP,
n =24 NCCP). Technical and biological validation on 89 selected
methylation marks was done using a qPCR approach based on
methylation sensitive restriction enzymes.

Results: A DNA methylation pattern differentiating NSTEMI,
UAP and NCCP was identified. 89 single CpGs with p <0.05 and a
delta-B of >0.15 were selected for further validation. Validation of
selected CpGs confirmed differentiation of NSTEMI and uAP from
controls with high accuracy (AUC: 0.83; sensitivity: 0.84; specificity:
0.68). Clear differentiation of NSTEMI and uAP was hampered by
biological similarity of theses two groups (AUC-value: 0.71; sensi-
tivity: 0.72; specificity: 0.6).

Conclusion: A unique epigenetic profile is present in the
investigated sample cohort. However, the epigenetic profile
between NSTEMI and uAP is quite similar and the observed DNA
methylation differences between the two groups are low. None-
theless, we were able to confirm a set of 14 CpGs between
NSTEMI/uAP and NCCP, as well as 7 CpGs, which may facilitate the
differentiation of NSTEMI vs. UAP.
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EP06.021 Validation of new gene variant classification
methods: a field-test in diagnostic cardiogenetics
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Background/Objectives: In the molecular genetic diagnostics of
Mendelian disorders, solutions are needed for the major challenge
of dealing with the large number of variants of uncertain sig-
nificance (VUS) identified using next-generation sequencing
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(NGS). Recently, promising approaches to calculate case excess
scores (CE) and etiological fractions (EF) and gnomAD-derived
constraint metrics scores have been reported that estimate the
likelihood that rare variants in specific genes or regions are
pathogenic. Our objective was to study the usability of these
scores into diagnostic variant interpretation, using our clinical
cardiomyopathy cohort.

Methods: Patients (N=2002) referred for clinical genetic
diagnostics underwent NGS testing of 55-61 genes associated
with cardiomyopathies. Previously classified likely pathogenic (LP)
and pathogenic (P) variants were used to validate the use of data
from CE, EF and gnomAD constraint analyses for (re)classification
of associated variant types in specific cardiomyopathy subtype-
related genes. Next, we applied these constraint data to interpret
and (re)classify 1229 variants (identified in 812 patients) previously
classified as VUS.

Results: Using constraint scores in variant interpretation and
classification, the classifications of (L)P’'s was corroborated in 94%
(354/378) of cases. Moreover, 23 unique VUSs were reclassified to
LP, increasing the diagnostic yield with 1.2%. In addition, 106
unique VUSs (5.3% of patients) were prioritized for co-segregation
or functional analyses.

Conclusion: Our analysis confirms that the use of constraint
metrics data can improve cardiogenetic variant interpretation and
classification. We therefore recommend the inclusion of constraint
scores in variant interpretation protocols and to also apply these
in other cohorts and disorders.
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EP06.022 A case report of a truncating variant altering the
extreme C-terminal region of desmoplakin (DSP) suggests its
crusial functional role

Eleni-Malena Pantou’, POLYXENI GOURZI', Alexandros Tsoutsinos?,
Dimitrios Degiannis’, Aris Anastasakis®
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Background/Objectives: Homozygous DSP truncating mutations
located in the C-terminal region of DSP are known to mainly cause
Carvajal syndrome, an autosomal recessive syndromic form of
arrhythmogenic cardiomyopathy with an extra-cardiac cutaneous
phenotype.

Methods: The index case and her relatives underwent full
cardiological assessment. Genetic analysis of the index case was
performed using SOPHIA Extended Cardio solution and Sanger
sequencing was used to screen members of the family for the
presence of the reported mutation.

Results: We describe a female proband with a severely mani-
festing arrhythmogenic left ventricular cardiomyopathy and a
syncopal episode at the age of 10, who was found homozygous
for the novel DSP mutation: NM_004415.4:c.8586delC,
p.(Ser2863Hisfs*20) at the extreme C-terminal region of the pro-
tein, just 8 amino acids upstream the stop codon. She did not
have any of the typical dermatological symptoms that characterize
Carvajal syndrome. Her brother had died suddenly during exercise
and was post mortem found homozygous for the same variant,
while their parents were found heterozygous. When interviewed
they stated as region of origin the same geographic area of
Greece but they were not aware of any common ancestor.
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Detailed clinical examination revealed that the mother displayed a
mild arrhythmic profile, while the father was asymptomatic.

Conclusion: These observations pinpoint to a significant
functional role of the extreme C-terminal tail of the protein.
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EP06.026 Molecular genetics profile of inherited
cardiomyopathies in Bahrain
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Background/Objectives: Cardiac diseases are a priority for the
health system and the cardiomyopathies are known for their
impact into morbidity and mortality. This study, the first in Bah-
rain, aims to investigate the inherited cardiomyopathies molecular
genetics profile and identify a phenotype-genotype correlation.

Methods: 58 patients diagnosed with cardiomyopathies were
recruited from Cardiac Center, Bahrain Defense Force Hospital.
Genomic DNA was extracted from peripheral blood and saliva
samples. Gene sequencing and deletion/duplication analysis was
performed using a next generation sequencing (NGS) panel of 106
genes linked with inherited cardiomyopathies. The candidate
disease-causing variants were verified by Sanger sequencing,
MLPA-seq, array CGH. PolyPhen-2 was used to analyze mutation
effect and to predict the effect of the variants of unknown sig-
nificance (VOUS).

Results: Pathogenic variants were identified in 17/58 patients
(29.3%). TNNT2, MYBPC3, MYH7, CACNA1C, PTPN11, MYBPC3,
MYH7 and FHL1 genes mutations were identified in 14/17
hypertrophic cardiomyopathy. ALMS1 and TTN genes mutations
were found in 3/17 patients with dilated cardiomyopathy. Syn-
dromic cardiomyopathies (Alstrom Syndrome, Noonan Syndrome,
Emery Dreyfuss dystrophy) were identified in 4/17 patients. The
cardiology management was immediately adjusted for 6/17
patients (4/6 for ICD, 2/6 for medication). 131 VOUS in 52/106
genes were identified in 41/58 patients and 89/131 VOUS were
assessed by bioinformatics algorithms as possible damaging.

Conclusion: Genetic results provided a certitude causal diag-
nosis in 29.3% of the patients, establishing a genotype-phenotype
correlation, offering a better estimated prognosis, an accurate
genetic counselling and providing therapeutic guidance for the
treating cardiologists.

References: Invitae Cardiomyopathy Comprehensive panel
https://www.invitae.com.
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EP06.028 Ryanopathy in two Iranian families with premature
coronary artery disease and sudden cardiac death
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Hossein Najmabadi', Kimia Kahrizi'

'Genetics Research Center, University of Social Welfare and
Rehabilitation Sciences, Tehran, Iran; 2Digestive Disease Research
Institute, Tehran University of Medical Sciences, Tehran, Iran;
3Department of Cardiology, Tehran Heart Center, Tehran University
of Medical Sciences, Tehran, Iran.

Background/Objectives: Coronary artery disease (CAD), assigns
32% of all deaths to itself with an estimated 17.9 million deaths
annually. Approximately 50% of all CAD-related deaths are
attributed to sudden cardiac death (SCD) and the proportion of all
SCDs resulting from CAD are about 80%. Four etiologies exist for
SCD, comprising CAD, cardiomyopathies, cardiac channelopathies,
and aortopathy. Ryanodine receptors (RyRs), of which, three
members are known, are calcium (Ca2+) release channels located
on the endoplasmic/sarcoplasmic reticulum (ER/SR). RyR2 is the
major (Ca2+) channel in cardiomyocytes, in which mutations can
lead to cardiac arrhythmia and SCD. Due to several evidence on
the contribution of rare variants to CAD, we aimed at identifying
the potential rare disease-causing variants in Iranian patients with
premature CAD and a positive family history for the disease.

Methods: Whole exome sequencing (WES) was performed on
the proband of each family followed by Sanger sequencing for
confirmation of the results and co-segregation study.

Results: We identified two heterozygous missense variants,
p.Arg3260Trp and p.Thr1730Met, in RYR2 gene (OMIM:*180902) in
two unrelated families with history of CAD and SCD. Both variants
have been recently reported in ClinVar database with ventricular
tachycardia, catecholaminergic polymorphic, 1 (CPVT1) and/or
cardiomyopathy, classified as VUS.

Conclusion: There are some forms of CAD with familial seg-
regation consistent with being a single gene disorder. In a cohort
of premature CAD lIranian patients, RYR2 variants have been
identified in two families, one suffered from SCD. Identifying
asymptomatic individuals prior to disease onset can help to dis-
ease prevention and management.
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Background/Objectives: Coronary artery disease (CAD) is the
major cardiovascular disease with an estimated 17.9 million
deaths annually. One of the major pathways with a significant
influence on CAD is lipid metabolism. Sitosterolemia 1
[STSL1;MIM:#210250], characterized by elevated cholesterol and
plant sterols (xenosterols) in plasma, is associated with premature
coronary atherosclerosis that results from mutations in a member
of ABC transporters, known as ABCGS8. Sterolins, comprised of
ABCG8 and ABCGS5, form an obligate heterodimer that pumps
xenosterols/cholesterol out of enterocytes and hepatocytes back
into the intestinal lumen and bile canaliculi. This function is
severely affected upon ABCG5/8 mutations. In our study, we aimed
at identifying the potential rare disease-causing variants in Iranian
patients who show familial clustering of premature CAD (PCAD).

Methods: Whole-exome sequencing was performed on the
proband of each family followed by Sanger sequencing for con-
firmation of the results and co-segregation analysis.

Results: We identified a likely pathogenic missense variant
[c.G562C(p.V188L)] in ABCG8 gene (MIM:*605460) in an Iranian
family affected by PCAD with autosomal dominant pattern of
inheritance. There was only one affected offspring in the family
with previously angiographically proven PCAD. However, sub-
sequent segregation analysis showed the carrier genotype in four
out of five apparently healthy offspring, for whom coronary CT
angiography confirmed the genetic results.

Conclusion: Although the rare STSL1 is caused by homo-
zygous/compound heterozygous mutations in ABCG8 gene, recent
research found that ABCG8 variants are more common than pre-
viously assumed. Furthermore, even heterozygous carriers have
altered sterol profiles and are at higher risk of cardiovascular
disease.
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EP06.030 Whole Exome Sequencing (WES) in unravelling
complex cases of bicuspid aortic valve
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Background/Objectives: Congenital Heart Defects (CHD) are
among the most frequently observed malformations and, to date,
several genes have been described (both in syndromic and non-
syndromic conditions). Here we present the cases of two patients
assessed by genetic counseling for bicuspid aortic valve (BAV) and
diagnosed through WES.

Methods: Both patients (P1 and P2) have received a deep
clinical characterization through cardiological and genetic coun-
selling and their DNA has been analyzed through WES. After
standard WES filtering procedures, pathogenic variants within
genes likely associated to CHD have been selected.

Results: P1 and P2 present with similar clinical features. In
particular, P1, a boy aged 4 y.o., was diagnosed with BAV at birth.
He showed later onset of language delay, facial dysmorphisms
and short stature, while P2 is an 18 y.o. girl with BAV, cardio-
myopathy and arrhythmias, facial dysmorphisms, joint pain and
disproportionate short stature. WES analyses highlighted two
variants within TAB2 gene (NM_001292034.3): P1 carries a novel
pathogenic truncating variant ¢.712C>T,p.GIn238 predicted as
deleterious by all the in silico predictor tools, while P2 carries a
truncating known mutation ¢.823C>T,p.GIn275*% (NM_015093.4).
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This genotype-phenotype correlation is in agreement with recent
literature studies showing the involvement of this gene in
syndromic CHD.

Conclusion: Although TAB2 has been mostly described for
non-syndromic CHD, our results, together with recent literature
studies, highlighted its role for syndromic CHD in a precise phe-
notypic spectrum (i.e. developmental delay, facial dysmorphisms,
short stature). In conclusion, we believe the importance of a deep
evaluation in CHD patients together with a TAB2 genetic
characterization.

References: PMID:2561515;PMID:26493165;PMID: 21128281.
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and genetic counseling in vascular Ehlers-Danlos Syndrome
(vEDS). A case report
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Background/Objectives: Vascular Ehlers-Danlos syndrome (VEDS)
is a genetic disease with dominant autosomal inheritance caused
by alterations in COL3A1 gen. Clinical criterias are useful tools to
identify affected patients in which mortalitity associated with
vascular complications is elevated. The aim of this work is to
report the case of male patient, 38 years old, with genomic cer-
tification of VEDS. Patient is second son from nonconsanguineous
parents. He has been studied by Cardiology Unit for thoraco-
abdominal aneurism that required prothesic replacement. Among
his clinical background chronical hypertension, vertebral cere-
bellar artery dissection, bruising and dissection of right kidney
artery has been referred. The anatomo-pathologic analysis post
splenectomy reveled compatible features with muscular fibro-
dysplasia on splenic artery. Genealogy study supported the clinical
suspect because his father had thoracic aneurysm corrected by
surgery. On the other hand his mother died after recurrent strokes
and his brother died at 32 years by sudden death.

Methods: Considering mayor and minor criterias COL3A1 gen
was analyzed by multipanel sequencing (NGS) using ILLUMINA
platform.

Results: Genetic testing reported one germline pathogenic,
missense variant (c.709G>A/p.Gly237Arg) in COL3A1 gen.
According Varsome and Clinvar COL3A1 is a gen with very low
proportion of benign missense variants.

Conclusion: Genomic diagnosis allowed to identify the
pathology and offer guidelines to prevent complications. Cose-
gregation variant studies discarded VEDS in offsprings. In families
identified on the basis of clinical complications, penetrance of the
VEDS phenotype appears to be close to 100% in adults with a
missense or exon-skipping alteration; the age at which the
pathogenic variant becomes penetrant may vary.
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EP06.032 Periodontal pathogens in atherosclerosis. A
metagenomic and in-vitro analysis
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Background/Objectives: It has been stablished that periodontitis
is a contributing factor for atherosclerosis, being transitory bac-
teremia one of the mechanisms involved (1). The aim of this study
is to describe the bacteria diversity and detect common species
between peripheral blood and dental plaque of Colombian
patients affected by both diseases.

Methods: A Metagenomic analysis of peripheral blood and
dental plaque samples from 12 adults with atherosclerosis was
performed. After DNA extraction (QlAamp® DNA Mini-Kit), the
sequencing libraries were obtained using the Illumina HiSeq-2500
platform. Bioinformatic analysis was performed in the platform
QIIME 2 (Version 2020.11.1).

Results: The metagenomic and bioinformatic analysis of per-
ipheral blood and dental plaque revealed one bacteria specie
(Prevotella melaninogenica), six genus, eleven families, and five
phyla common for both sample types. Some of the genus present
in blood are associated to periodontal disease such as Prevotella,
Pseudomonas, and Streptococcus. The richness was greater in
plague samples (mean:47. SD=5.24) than in blood samples
(mean: 4.6. SD = 5.8).

Conclusion: The findings of this study confirm the presence of
bacteria associated to periodontal disease (2) in peripheral blood
of Colombian patients affected by periodontitis and athero-
sclerosis. This shows a possible contributing role of periodontal
pathogens in atherosclerosis probably by mean of transitory
bacteremia.

References: 1. Aarabi G, Heydecke G, Seedorf U. Roles of Oral
Infections in the Pathomechanism of Atherosclerosis. Int J Mol Sci.
2018 Jul 6;19(7).

2. Solbiati J, Frias-Lopez J. Metatranscriptome of the Oral
Microbiome in Health and Disease. J Dent Res. 2018;97(5):492-500.
https://doi.org/10.1177/0022034518761644.

Grants: SGO received funding by CONADI and TYM by
Minciencias.

Conflict of Interest: None declared.
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phenotypes associated with SCN5A; Brugada and Long QT
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Background/Objectives: SCN5A gene encodes the alpha subunit
of myocardial expressed sodium channel protein, Nav1.5. Generally,
loss-of-function mutations of SCN5A are expected to exhibit Bru-
gada syndrome phenotype, meanwhile gain-of-function mutations
portray Long QT syndrome. Here we present two patients with
novel mutations in SCN5A, who display characteristics of different
clinical entities, Brugada and Long QT syndromes.

Methods: Patient-1 (aged 13) was led to cardiac stress test that
indicated long QT syndrome, then to our genetics clinic for further
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analysis. Patient-2 (aged 39), prediagnosed with Brugada syn-
drome in Ajmaline provocation test, was forwarded to genetic
evaluation. Next generation sequencing method for target genes
of cardiac arrhythmias was performed on patients’ genomic DNA.
Data were analysed via lon Reporter Software (ThermoFisher Sci-
entific Inc.) and SEQ (Genomize) programs.

Results: In Patient-1, a heterozygous missense variant,
c.1575C>A (p.Ser525Arg), was identified. This variant’s position is
not conserved, however is a hot-spot region for nucleotide
alterations.

In Patient-2, also a heterozygous missense variant, ¢.2548G>C
(p.Val850Leu) was detected which is located in a highly conserved
region.

Both alterations weren’t found in population studies (gnomAD);
were unidentified in disease specific databases (ClinVar, ClinGen,
OMIM) and predicted to have damaging effect on protein func-
tion, therefore they were classified as likely pathogenic variants.

Conclusion: As nucleotide changes in SCN5A gene might
dysregulate the protein’s function, in-vitro studies are crucial for
further understanding their effect on channel activity in terms of
increase/decrease. Novel mutations in SCN5A gene and the clin-
ical phenomena they resemble might elucidate how structural
changes affect the phenotypical result.

References: https://doi.org/10.1016/j.jacep.2018.03.006, https://
doi.org/10.1038/ncomms1717.
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Background/Objectives: Obstructive sleep apnoea (OSA) is a
prevalent disease characterized by repetitive episodes of partial or
complete airway obstruction during sleep. It is associated with an
increased risk of cardiovascular disease (CVD) and its severity is
based on the apnoea-hypopnoea index (AHI). However, AHI is only
partially associated with CVD events. Therefore, we sought to
assess the potential benefit of adding a coronary artery disease
(CAD) polygenic risk score (PRS) to classical predictors of CVD risk
in individuals with moderate or severe OSA.

Methods: We applied the CAD PRS developed by Inouye et al.
(2018) and classified the OSA status in 1558 participants of the
Colaus-Hypnolaus population-based cohort, following full night
polysomnography. We assessed the association between OSA,
clinical factors, PRS and CVD events using multivariate Cox pro-
portional hazard regressions.

Results: A total of 442 study participants (67% men; average 64
years old) had moderate or severe OSA (AHI = 15/h). Of those, 77
experienced a CVD event during a mean follow-up of 7 years. A
10% increase in the CAD PRS was significantly associated with CVD
events in a model adjusted for all cofounding factors (HR=1.22,
95% Cl (1.02-1.5), P=0.03). Adding the PRS to the clinical risk
factors significantly improved CVD event prediction (P = 0.03).

Conclusion: A CAD PRS is significantly associated with the
occurrence of CVD in individuals with moderate or severe OSA.
The addition of a CAD PRS has the potential to improve risk
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stratification of OSA patients, thereby enabling more personalized
treatment management.
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Background/Objectives: Cardiovascular diseases are the lead-
ing cause of illness and death worldwide. There are many types
of congenital cardiovascular diseases, ranging from simple to
complex diseases with severe life-threatening symptoms. Over-
lapping symptoms can make it challenging to identify the
underlying cardiovascular condition. We have developed and
validated an NGS-based targeted cardiac screening test for the
detection of multiple genetic conditions with complex
phenotypes.

Methods: The test was developed using hybrid-capture
enrichment followed by next generation sequencing. Custom
target capture sequences (TACS) were designed to capture all
coding exons and flanking regions of 292 disease associated
genes. A blind validation study was performed on samples with
unknown variant status and samples that were found to carry a
genetic disorder previously identified by an independent
lab to determine the sensitivity and specificity of single
nucleotide variant (SNV), INDEL and copy number variant (CNV)
detection.

Results: SNVs and INDELS were detected at sensitivity of 100%
(Cl: 79.4-100%) and specificity of 100% (Cl: 99.8-100%). The
algorithm was designed to detect CNVs at high-resolution with
high sensitivity and specificity when applied to single or few exon
CNV. All variants were confirmed by an orthogonal method.

Conclusion: We have developed and validated a cardiac
screening test of a great diagnostic and prognostic importance.
Clear diagnosis can lead to a notable increase in diagnostic suc-
cess rate, effective treatment, and management for many cardiac
genetic defects.
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EP06.037 The challenge of interpreting GLA VUS: a case of
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Background/Objectives: Fabry disease is an X-linked recessive
inborn metabolic disorder caused by alterations in the GLA gene
and with heterogeneous phenotypes, ranging from severe early
forms diagnosed in childhood to atypical late-onset forms.

We report the case of a 71-year-old woman with hypertrophic
cardiomyopathy (HCM) detected at the age of 26, who was finally
diagnosed of an atypical form of Fabry disease many years later.

Methods: NGS analysis using virtual panel of 18 genes. Sanger
sequencing for segregation studies. Biochemical study by deter-
mining a-galactosidase and lyso-GL-3 levels.

Results: We identified the heterozygous variant c.207C>A in
the GLA gene. It was previously reported in a hemizygous male
with late-onset Fabry disease'. In our patient, the variant was
initially classified as a variant of uncertain significance (VUS)
according to the ACMG/AMP guidelines®. A segregation and bio-
chemical study were carried out on 3 clinically unaffected relatives
(table).

Case Age Phenotype Genotype a- lyso-
Galactosidase GL-3
Index 71 HCM +/- Normal 1
Daughter 45 = -/- Normal Normal
Son 43 = -/- Normal Normal
Brother 68 Septal hypertrophy -/- Normal

secondary to
hypertension

An endomyocardial biopsy showed typical intracelular inclu-
sions, confirming the diagnosis and allowing reclassification of the
variant as likely pathogenic. Enzymatic replacement therapy was
initiated.

Conclusion: The interpretation of VUS in recessive X-linked
diseases as Fabry, poses a diagnostic challenge that requires a
multidisciplinary approach and additional individual and family
clinical and genetic studies®.

References: "Umeda. Hum Genome Var. 2015;2:15044.

“Richards. Genet Med. 2015;17(5):405-24.

3Germain. Clin Genet. 2021. https://doi.org/10.1111/cge.14102.
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Background/Objectives: Cases of sudden cardiac death (SCD) in
young and apparently healthy individuals represent a devastating
event in affected families. Coronary artery disease accounts for the
majority of SCD in the older population whereas cardiomyo-
pathies and arrhythmogenic abnormalities predominate in
younger SCD victims (<40 years) with a significant genetic com-
ponent. Purpose of this study was to define the portion of
underlying genetic heart diseases among young Kazakhstani
unexplained SCD victims revealed by massive next-generation
sequencing (NGS).

Methods: We included 12 forensic cases of unexplained SCD
victims aged less than 40 years. DNA was analyzed by NGS panel
of 174 candidate genes with known associations to cardiomyo-
pathies, arrhythmias, aortopathies, and more.

Results: We identified within 1 year 12 cases of SCD among
183 forensic cases. The data were evaluated bioinformatically and
detected sequence variants were assessed using common data-
bases and applying in silico prediction tools. Evidence for a
genetic disposition was found in 9 of 12 (75%) cases, with likely
pathogenic effect in 4 and variants of uncertain significance in 7 of
SCD cases.

Conclusion: The study provides strong evidence that mole-
cular genetics improves the post mortem diagnosis of fatal
genetic heart diseases among SCD victims and should be inte-
grated in forensic and pathological routine practice. NGS has
nonetheless brought new challenges to molecular autopsy,
especially regarding the clinical interpretation of the large number
of variants of unknown significance detected in each individual.
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EP06.039 Characterization and dating of a novel variant in the
MYH7 gene exclusive of the Balearic Islands that is associated
to Hypertrophic Cardiomyopathy
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Background/Objectives:.

Methods:.

Results: Hypertrophic cardiomyopathy (HCM) is a genetic
disease characterized by increased left ventricle (LV) wall thick-
ness caused by mutations in sarcomeric genes. We performed an
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observational and genetic study by NGS sequencing of patients
with  HCM and found a novel variant in the MYH7 gene
(NM_000257.4:c.1955G>A) which putatively causes a p.Arg652-
Lys missense protein change. This previously non-described
variant was found in twelve families with HCM. Out of 8 families
that were clinically characterized 64% of carriers developed
HCM. The LV hypertrophy was asymmetric septal in 75% of
cases, with LV outflow tract obstruction in 28%. The incidence of
a composite of serious adverse cardiovascular events (sudden
death, aborted sudden death, appropriate implantable cardiac
defibrillator discharge, an embolic event, or admission for heart
failure) was observed in five (20%) patients. This p.Arg652Lys
variant was classified as likely pathogenic (LP) and associated
with the development of HCM for the following reasons: 1) It is
found in patients with HCM, but not in controls, 2) There is
evident segregation with HCM, and 3) It is located in an active
site of the protein where a variant in the same amino acid has
already been clearly established as pathogenic (p.Arg652Gly).
Interestingly, the exclusive presence of the variant in our region
could correspond to a founder effect in the Balearic Islands,
Spain, which we have further investigated. IBD/coalescent-based
allele dating analysis reveals that the origin of this allele is 96
generations away which would correspond to 1900-2400
years ago.

Conclusion:.
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Background/Objectives: Heart failure (HF) is characterized by the
failure of the heart’s function and may be a result of cardiomyo-
pathy, which brings to cardiovascular death and disability. We
conducted the whole genome sequencing of patients with HF, by
using the method of Nanopore sequencing (Oxford Nanopore),
which allowed us to read longer DNA fragments. Nanopore long-
read sequencing technology greatly expands the capacity of long-
range single-molecule DNA-modification detection as well.
Sequenced long DNA fragments allowed evaluating new genetic
alterations as well as complex structural variants, repetitive
regions and DNA-modification associated with HF in Kazakhstani
population.

Methods: Genomic DNA was isolated from 68 frozen blood
samples of patients with heart failure, and cardiomyopathy by
using the Gentra Puregene Blood (QIAGEN). Then, NanoDrop 2000
and Qubit 2.0 assessed samples quantitatively and qualitatively.
Optimizing the original fragmentation protocol obtained Long-
fragments of gDNA. We used 3 ug gDNA at a concentration of
100 ng/pl using g-TUBE (Covaris) in 49 ul volume. LabChip GX
Touch Il (PerkinElmer) analyzed fragmentation results. DNA
libraries were prepared using Ligation-sequencing kit (SQK-
LSK109) and were sequenced on PromethlON 48 (Oxford Nano-
pore) with loading three times after each 24 h.
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Results: Attaining whole genome sequencing with approx-
imate coverage of 30x and N50 between 20 and 23kb.

Conclusion: Optimization methods allowed obtaining long
DNA fragment reads. Currently, bioinformatics analysis of
obtained sequenced data is performing.
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Background/Objectives: Cornelia de Lange Syndrome (CdLS) is a
rare multisystemic congenital developmental disorder. Among
others, cardiovascular defects represent a significant cause of
morbility and mortality in patients with CdLS. The aim of this study
is to evaluate a possible cardiac dysfunction in individuals with
CdLS without diagnosed congenital heart disease (CHD) using
speckle tracking echocardiography.

Methods: This is a case control study including 20 individuals
with CdLS without CHD and 20 healthy controls selected of same
ages and gender. All individuals with CdLS were submitted to
molecular analysis (16 individuals carrying pathogenic variants in
NIPBL, two in SMC1A, one in RAD21 and one in HDACS). Cardiac
function was evaluated using conventional echocardiography,
tissue doppler imaging (TDI), two-dimensional speckle tracking
and biochemical analyses.

Results: The analytical markers of cardiovascular risk and car-
diac function showed no alterations. However the left ventricular
global longitudinal strain (GLS) was altered (>—15.9%) in 55% of
patients. All values obtained by speckle tracking (strain, strain rate
and velocity) showed a downward trend correlated with age
(p < 0.05). Likewise, the ejection fraction, shortening and TAPSE,
although preserved, also decreased with age (p < 0.05).

Conclusion: The results of this study suggest that patients with
CdLS may develop subclinical myocardial dysfunction, which can
be detected by speckle tracking even before the appearance of
clinical symptoms and the alteration of other echocardiographic
or analytical parameters. Taking this into account, cardiological
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follow up is suggested even in the absence of CHD in individuals
with CdLS.
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Background/Objectives: Prominent phenotypic heterogeneity of
primary cardiomyopathies makes precise genetic diagnosis diffi-
cult, especially in case of presentation of extracardiac phenotypic
abnormalities that may indicate either a syndromic cardiomyo-
pathy or an independent disease. We report a case of successful
genetic investigation of familial noncompaction cardiomyopathy
complicated with diverse dysmorphologic features.

Methods: The proband is 40-year-old man with noncompac-
tion cardiomyopathy, heart failure, arrhythmic complications and
short stature. His sister has hypertrophic cardiomyopathy (HCM),
myocardial hypertrabeculation, compensated heart failure, sen-
sorineural deafness and congenital abnormalities of genitourinary
system. The siblings’ father has HCM. Besides, the proband’s eldest
daughter demonstrates developmental delay. We performed
clinical examination and whole-exome sequencing for all available
family members (three affected and six unaffected, a total of nine
persons). Variants with gnomAD frequency <0.01% were selected
for clinical interpretation.

Results: In affected siblings and their father, we found a
c.4411-2A>C variant in canonical acceptor splice site in the ALPK3
gene. Recently, heterozygous truncating variants in ALPK3 were
identified as the cause of adult-onset HCM. Based on sequence
properties, we suggest that our finding causes premature trun-
cation of ALPK3 product. None of unaffected persons harbored the
¢.4411-2A>C variant. Additionally, in the proband'’s sister we found
a p.Trp329Gly missense in GATA3, the gene responsible for the
rare syndrome “hypoparathyroidism, sensorineural deafness, and
renal dysplasia”. Both findings in ALPK3 and GATA3 are previously
unreported.

Conclusion: The accurate genetic diagnosis is the way to
optimize the follow-up scheme and to improve our understanding
of complex clinical cases.
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Background/Objectives: Genotoxic stress triggers endothelial
disfunction and atherosclerosis [1], but mechanism of this process
is poorly investigated. Inflammation plays the important role in
atherogenesis. This study aimed to access the expression of
inflammatory markers in endotheliocytes exposed to mitomycin
C (MMCQ).

Methods: Primary human coronary- (HCAEC) and internal
thoracic artery endothelial cells (HITAEC) exposed to 500 ng/ml
MMC (experimental group) and 0.9% NaCl (control) was used in
this research. Gene expression was evaluated by RT-qPCR after 6-h
exposure to MMC with MMC followed by 24-h incubation in the
mutagen-free cell growth media. The level of cytokine release in
endotheliocytes was studied by dot blotting.

Results: We discovered that HCAEC exposed to MMC are
characterized by increased mRNA level of IL-8, MCP-1, IP-10;
decreased expression of TIMP-2 and no differences in the
expression of MIF, MIP-1b, PDGFB compared to the control. In
HITAEC, increased mRNA level of IL-8, IP-10; decreased expression
of MIF, TIMP-2 and no differences in the expression of MCP-1, MIP-
1b, PDGFB was shown. At the proteome level MIF, IL-8, MCP-1, IP-
10, PDGFB were upregulated both in HCAEC and HITAEC, and
there are no differences in MIP-1b release. TIMP-2 was upregu-
lated in HCAEC but not in HITAEC.

Conclusion: Genotoxic stress in endotheliocytes induces by
MMC leads to differential inflammatory response that can trigger
endothelial dysfunction.

References: Sinitsky M.Y. et al. The gene expression profile in
endothelial cells exposed to mitomycin C. Biochemistry (Moscow),
Supplement Series B: Biomedical Chemistry, 15(3):255-261, 2021.
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Background/Objectives: Arrhythmogenic Cardiomyopathy (AC) is
an inherited disorder of the myocardium with a highly hetero-
geneous clinical presentation including life-threatening arrhyth-
mias at risk of sudden death. Genetic testing impacts greatly in
reaching AC diagnosis, but gene-disease associations has yet to be
determined for the increasing number of genes included in clin-
ical panels.

Methods: Genetic variant re-appraisal was undertaken in most
relevant non-desmosomal disease genes, based on current adju-
dication guidance, identified in 320 unrelated ltalian AC patients
who did not carry pathogenic/likely pathogenic (P/LP) variants in
desmosome-coding genes and reported literature data.

Results: In our cohort, 28 rare genetic variants in non-
desmosomal genes were identified in 30 patients, of which 17
FLNC (Filamin C), 7 DES (Desmin), 2 TMEM43 (Transmembrane pro-
tein 43), and 2 CDH2 (Cadherin-2). No P/LP variants were found in
PLN (Phospholamban) and TJP1 (Tight junction protein-1) genes.
Gene-based burden analysis, including P/LP variants reported in
literature, showed significant enrichment only for TMEM43 (3.52-
fold), DES (9.55-fold), PLN (117.8-fold) and FLNC (93.22-fold). Evolu-
tionary conservation analysis made evident a positive selection
pressure (Ka/Ks ratio >1) for CDH2 and TJP1, indicating that missense
variants impact less the protein structure. Genotype-phenotype
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correlation highlighted 71% and 89% of left-dominant AC in FLNC
and DES carriers, respectively.

Conclusion: Genes lacking robust clinical and genetic evi-
dences impact greatly the number of variants-of-unknown-
significance detected and should be removed from clinical AC-
targeted genetic panels since the findings cannot drive clinical
decision-making. About two thirds of non- desmosomal P/LP
variants occur in FLNC leading to fully-penetrant left-dominant AC.
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Background/Objectives: Mitochondrial ~diseases represent
genetically and phenotypically diverse group of disorders, char-
acterized by dysfunctional mitochondria. Pathogenic variants have
been identified in more than 350 genes, but at least 40% of
patients remain undiagnosed (Stenton, 2020).

Methods: Next-generation sequencing (NGS) methods were
applied for 24 patients in a group of 80 unrelated individuals with
suspected mitochondrial disease after exclusion of mtDNA muta-
tions by whole mtDNA (Sanger) sequencing. Gene panels for
mitochondrial and other neuromuscular disorders were performed
for 8 patients, whole exome sequencing was performed for 16
patients.

Results: In the study four patients (16.7%) were found to have
pathogenic variants in POLG, SURF1, PNPLA8, RRM2B, and BTD
genes. SURF1 gene is involved in the biogenesis of the cyto-
chrome c oxidase complex. POLG and RRM2B genes are involved
in mtDNA synthesis, pathogenic variants lead to qualitative or
quantitative changes in mtDNA. The protein encoded by PNPLA8
gene is essential for maintaining efficient bioenergetic function
through tailoring mitochondrial membrane lipid metabolism.
Pathogenic variants in the genes CACNA1A, DDX3X, TPP1, YARS
and ANO5, leading to other neuromuscular diseases, were iden-
tified in six patients (25.0%). Two patients were diagnosed with
two diseases caused by pathogenic variants in nuclear (RRM2B
and BTD) or in both mitochondrial (MT-ND4) and nuclear
(ANOS5) genes.

Conclusion: The application of NGS allowed to confirm rare
mitochondrial or neuromuscular disorders emphasizing the
importance of clinical genetic-based research in improving the
care of these patients. However, the genetic causes of other
patients remain unknown and challenging to investigate the
molecular mechanisms as well as disease progression.
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Background/Objectives: Medium-chain acyl-CoA dehydrogenase
(MCAD) deficiency is the most common disorder of fatty acid B-
oxidation, caused by bi-allelic variants in the ACADM gene. Tar-
geted sequencing of ACADM establishes a molecular diagnosis for
most- but not all- patients.

We sought to establish the molecular basis of MCAD deficiency
(MCADD) in a cohort of patients with a biochemical working
diagnosis of MCADD, for whom sequencing of ACADM failed to
detect bi-allelic pathogenic variants.

Methods: sequencing of the ACADM gene could not establish
a bi-allelic pathogenic variant in fourteen of the 63 newborns
detected by the Israeli Newborn Screening (NBS) Program with
suspected MCADD. We pursued multiplex ligation-dependent
probe amplification (MLPA) of ACADM for these fourteen patients.

Results: The fourteen patients, 22% of all detected MCADD
by NBS, were found to harbor a common duplication of exon 8
of the ACADM gene. The exon 8 duplication was in either
homozygous form or compound heterozygous with a previously
recognized mutation by sequencing. All patients share a North-
African Jewish (Tunisian, Moroccan) descent. Exon 8 duplication
was not detected in 110 chromosomes of matched ethnic
background controls.

Conclusion: A likely pathogenic exon 8 duplication in the
ACADM gene leading to MCAD deficiency consists a founder
mutation in the North-African Jewish population. Due to the
beneficial effect of early diagnosis and intervention towards a
positive outcome and better prognosis, we suggest that in
patients with a biochemical working diagnosis of MCADD for
whom sequencing of ACADM fails to establish a molecular diag-
nosis, MLPA should be considered.
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Background/Objectives: Disorders of sexual development (DSD)
are a heterogeneous group of congenital conditions associated
with atypical development of chromosomal, gonadal or anato-
mical sex. These alterations can be associated with numerous
hormonal, genetic and often physical alterations. The micropenis
consists in the presence of a stretched penile length of less than
2-2.5 SD for age, can represent a clinical sign of various forms
of DSDs.

Methods: In the present study we report the case of a 5-year-
old child with isolated micropenis, a typical feature of 46,XY DSD,
showing low basal and post hCG stimulation testosterone levels.
Molecular analysis using a NGS panel of 50 genes involved in DSDs
was performed. Then a serum steroid profiling for the child was
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also determined by Liquid Chromatography coupled to Tandem
Mass Spectrometry (LC-MS/MS) analysis.

Results: NGS analysis evidenced the presence of an hetero-
zygous mutation in the CYP17A1 gene. Segregation analysis in the
unaffected parents show the presence of the same mutation in
the mother of the child, who however presented no features of
the disease. Biochemical analysis of the child revealed low levels
of testosterone, progesterone and dehydroepiandrostenedione.

Conclusion: These results suggest that in some cases even
heterozygous mutations in recessive genes involved in adrenal
steroidogenesis can influence the patient’s phenotype. The pre-
sence of mutation in the mother, who does not have the disease,
does not contrast with the results obtained, since low testosterone
levels in female subjects do not necessarily correlate with a
pathological phenotype.

References: 1. Hiort et al,2014-Nat Rev Endocrinol.
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Background/Objectives: Ethylmalonic encephalopathy (MIM
#602473) is a rare autosomal recessive metabolic condition caused
by biallelic variants in ETHET (MIM #608451), characterized by
global developmental delay, infantile hypotonia, seizures and
microvascular damage. The microvascular changes result in a
pattern of relapsing spontaneous diffuse petechiae and purpura,
positional acrocyanosis and pedal edema, hemorrhagic suffusions
of mucous membranes and chronic diarrhea. This case provides a
timely reminder to consider rare genetic diagnoses when atypical
features of more common conditions are present, with an early
referral to ensure prompt biochemical and genomic diagnosis.
Here we describe an instructive case in which ethylmalonic
encephalopathy masqueraded as meningococcal septicemia
and shock.

Methods: Ultra-rapid whole genome testing (time to result
60 hours) and prompt biochemical analysis facilitated accurate
diagnosis and counselling with rapid implementation of precision
treatment for the metabolic crisis related to this condition.

Results: WGS identified a homozygous frameshift variant in
exon 2 of ETHET (MIM #608451), c.131_132del; p.(Glu44Valfs*62).

Conclusion: This case provides a timely reminder to consider
rare genetic diagnoses when atypical features of more common
conditions are present, with an early referral to ensure prompt
biochemical and genomic diagnosis.

European Journal of Human Genetics (2023) 31:91 - 344
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Background/Objectives: Glutaric aciduria type | (GA-1) is a rare
autosomal-recessive inherited dysfunction of the enzyme glutaryl-
CoA dehydrogenase (GCD) catalyzing lysine, hydroxylysine and
tryptophan break down. The disease is caused by pathogenic
variants in the GCDH gene and leads to an irreversible movement
disorder as main symptom when untreated. The molecular genetic
basis of GA-1 is poorly investigated. Therefore, the main objective
of this project was to provide an extensive collection and classi-
fication of variants in combination with reported phenotypes in
GA-1 in the openly accessible Leiden Open (source) Variation Data
base (LOVD). Further investigations on this up-to-date largest GA-
1-patient-cohort were conducted and will soon be admitted to
publication.

Methods: An intensive literature research was conducted on
PubMed. Variants were classified according to adjusted ACMG
guidelines.

Results: The preexisting GCDH-section of LOVD was com-
plemented by 96 new publications, 342 new patient data and 71
new variants. 227 of the overall 229 listed variants were classified.
Finally, more than 220 variants and phenotypes from more than
500 mostly published patients are listed in the LOVD database so
far. Almost one third of these variants are classified as VUS and the
remaining as (likely) pathogenic. Most variants were missense
variants and found towards the middle and 3’ end of the gene
localized at functional domains on protein level without clear
hot spots.

Conclusion: Internationally uniform criteria for variant classifi-
cation, such as the ACMG criteria, are important tools. Never-
theless, they aren't easily applicable and need to be adjusted in
case of rare diseases.

References: https://databases.lovd.nl/shared/genes/GCDH.
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Background/Objectives: More than 1280 pathogenic variants
have been described in the international database of patients and
genotypes causing hyperphenylalaninemia (HPA)/PKU (BIOPKUdb,
accessed on 26 August 2021). The occurrence of different mutant
alleles varies among ethnic groups and geographic regions
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worldwide. We report the spectrum and frequency of PAH gene
mutations in 160 subjects with PAH deficiency from Western
Ukraine.

Methods: DNA was isolated from peripheral blood by treat-
ment with proteinase K with subsequent salting-out protocol and
target PAH gene mutations testing was performed by RFLP-PCR.
The majority of the patients were diagnosed by newborn
screening.

Results: Mutation analysis revealed that 62.5% of all variant
alleles carry five mutations. The most prevalent mutation
¢.1222C>T (p.R408W) was detected on 185 alleles (57.8%) with a
very high degree of homozygosity (35%). Mutation p.R408W
presented on one or two alleles in 81% patients (129/160). The
other 16% were accounted for c.1066-11G>A (8%), c.473G>A (4%),
c.1241A>G (2.7%) and c.754C>T (1.2%). Using the direct auto-
mated DNA sequencing it has been found 5 different mutations:
¢.722G>A and ¢.838G>A in compound heterozygous state, one
case each of ¢.727C>T and c.116_118del, and rare pathogenic
variant ¢.581T>C in homozygous state. The additional testing is
required to identify the rest of 37.5% alleles.

Conclusion: The results of study have showed that the most
common mutation in PKU patients from West Ukraine is
€.1222C>T accounted for 58% of mutated chromosomes. The
mutational spectrum is corresponded to that observed for the East
European population.
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Background/Objectives: Coenzyme Q10 is a major electron
transporter in mitochondrial chain, thus essential for energy pro-
duction. Primary COQ10 deficiency is a heterogeneous disease
caused by biallelic variants in genes involved in the CoQ10 bio-
synthesis pathway: 10 “COQ genes” have been identified for being
responsible of this disease, including most rarely involved COQ?.
We report a case of Primary COQ10 deficiency due to COQ7 gene
mutation.

Methods: A multidisciplinary protocol including biochemical
and genetic analyses of patient’s biological samples was imple-
mented to diagnose a complex metabolic case with suspected
mitochondrial dysfunction.

Results: Patient presented a prenatal onset of increased nuchal
translucency, cardiac hypertrophy, increased bowel wall echo-
genicity. At birth, meconium ileus required corrective ileal steno-
atresia surgery; in the following months, intestinal resections have
been needed due to recurrent intestinal occlusions. Clinical
course was complicated by left ventricular non-compaction
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cardiomyopathy, ascending aorta dilation, arterial hypertension,
renal dysfunction, diffuse skin desquamation, axial hypotonia,
neurodevelopmental delay, and growth retardation. Brain MRI
showed thalamic abnormalities. Mitochondrial respiratory chain
activity revealed an increase in citrate synthase (234.7 nmol/mg/
min). Riboflavin and high-dose oral CoQ10 supplementation
ameliorated psychomotor development and skin. Patient sud-
denly died at 16 months. Exome sequencing revealed compound
heterozygosis rare variants in COQ7 gene, ¢.613_617delGCCG-
GinsCAT (p.Ala205HisfsTer48) and c.403A>G (p.Met135Val), whose
pathogenicity was predicted by several bioinformatic tools and
confirmed by functional studies.

Conclusion: Our case expands the clinical spectrum of mani-
festation of primary COQ10 deficiency due to COQ7 gene, and
highlights the essential role of multidisciplinary and combined
approaches for a timely diagnosis.
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Background/Objectives: Hyperornithinemia-hyperammonemia-
homocitrullinuria syndrome (HHHS) is an autosomal recessive
disorder of the urea cycle. The main clinical symptoms are
hypotonia, developmental delay, mental regression and motor
dysfunction. In the acute phase hyperammonemia accompanied
by vomiting, ataxia, lethargy and confusion are characteristics of
the disease. We detected a Pakistani 3 year-old girl with mental
and motor retardation, spastic paraplegia and vomiting. Parents
were consanguineous. Urine and plasma amino acids were sug-
gestive of HHHS. We wanted to confirm molecular diagnostic.

Methods: We performed WES analysis using Nextera DNA
Exome (lllumina). We also analysed the candidate genes indivi-
dually in the generated bam files. We also performed PCR analysis
and Sanger sequencing of introns 1 and 2 and exon 2 of
SLC25A15 gene.

Results: To identify the genetic defect in our patient, we per-
formed WES but no variants were found in SLC25A15 gene or in
any other urea cycle genes. Due to the HHHS suggestive bio-
chemical and clinical phenotype, we checked SLC25A15 gene in
the bam files and we observed a possible deletion involving exon
2. Oligonucleotides designed to delimitate and characterize the
deletion gave rise to the detection of a novel homozygous gross
indel. The deletion was c.-69-1221_55+1683delinsAGA, which
deleted 3028bp and inserted 3bp instead. Her parents were both
carriers for the mutation. This variant classified as pathogenic
could be considered the disease causing mutation.

Conclusion: When clinical and biochemical phenotype is very
suggestive of a disease, it is crucial to further investigate the
candidate genes, even though WES results are negative.
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Background/Objectives: Methylmalonic aciduria and homo-
cystinuria, CbIC type (OMIM #277400) is the most common dis-
order of cobalamin intracellular metabolism, an autosomal
recessive disease, whose biochemical hallmarks are hyperhomo-
cysteinemia, methylmalonic aciduria and low plasma methionine.
Despite being a well-recognized disease for pediatricians, there is
scarce awareness of its adult presentation.

Methods: The PubMed database was searched for adult-onset
CbIC cases. All cases with first symptom at onset >18 years old
were included.

Results: Available clinical, biochemical and molecular data
from 22 reports on cases and case series were collected,
resulting in 45 adult-onset CbIC cases, including the description
of a patient followed in our center. We describe the onset of the
disease in adulthood, encompassing neurological, psychiatric,
renal, ophthalmic and thromboembolic symptoms. From a
molecular point of view adult patients are usually compound
heterozygous carriers of a truncating and a non-truncating var-
iant in the MMACHC gene.

Conclusion: Adult onset CbIC disease is a rare disorder whose
diagnosis can be delayed due to poor awareness regarding its
presenting insidious symptoms and biochemical hallmarks. To
avoid misdiagnosis, we suggest that adult onset CbIC deficiency is
acknowledged as a separate entity from pediatric late onset cases.
To further aid diagnosis, it is important that genes belonging to
the intracellular cobalamin pathway are included within gene
panels routinely tested for atypical hemolytic uremic syndrome
and chronic kidney disorders.

References: Kalantari et al, Adult-onset CbIC deficiency: a
challenging diagnosis involving different adult clinical specialists.
Orphanet J Rare Dis. 2022 Feb 2;17(1):33. https://doi.org/10.1186/
$13023-022-02179-y.
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