Title: Characterization of the genetic and phenotypic spectrum of a novel
neurodevelopmental syndrome, TCF7L2-related neurodevelopmental disorder (TRND)

Authors & Affiliations: Sally Nijim (University of Pennsylvania Perelman School of
Medicine, Center for Cytokine Storm Treatment & Laboratory), Mimi Kim (University of
Pennsylvania Perelman School of Medicine), Melissa Denish (Jefferson University College
of Medicine), Michael V. Gonzalez, Joseph Zinski (Center for Cytokine Storm Treatment &
Laboratory), Claudine Rieubland, Dominique Braun (Department of Medical Genetics,
Hospital of the Valais), Elsebet Ostergaard (Department of Genetics, Copenhagen
University Hospital), Amelle Shillington (Division of Human Genetics, Cincinnati Children’s
Hospital Medical Center), Laurence Olivier-Faivre, Aurore Garde, Julien Maraval (Centre de
Génétique et Centre de Référence Maladies Rares, CHU Dijon), Christophe Philippe,
Fréderic Tran Mau-Them (Unité Fonctionnelle Innovation en Diagnostic Génomique des
Maladies Rares, CHU Dijon), Amy Crunk (GeneDx), UCI GREGoR Site (University of
California-Irvine School of Medicine), Megan Hawley (Labcorp Genetics), Bert Callewaert
(Ghent University Hospital, Center for Medical Genetics), Maria lascone (Laboratorio di
Genetica Medica, ASST Papa Giovanni XXIll), Anna Cereda, Cecilia Daolio (Department of
Pediatrics, Papa Giovanni XXIIl Hospital), Tova Hershkovitz (Institute of Human Genetics,
Galilee Medical Center), JeanMarc Good (Division of Genetic Medicine, Lausanne
University Hospital and University of Lausanne), Katharina Steindl, Tanja Frey, Anita Rauch
(Universitat Zurich, Institut flir Medizinische Genetik), Alexandra Afenjar, Cyril Mignot, Jean-
Madeleine de Sainte Agathe (Department of Genetics, APHP.Sorbonne Université, GH Pitié-
Salpétriere et Hopital Trousseau, & Centre de Référence Déficiences Intellectuelles de
Causes Rares), Nicolette den Hollander, Yvonne Hilhorst-Hofstee, Saskia Koene, Emilia
Bjilsma, Gijs Santen (Leiden University Medical Center), Sara Berger, Lakshmi Mehta
(Division of Clinical Genetics, Department of Pediatrics, Columbia University Vagelos
College of Physicians and Surgeons), Radka Stoeva (Department of Medical Genetics, Le
Mans Hospital), Clara Houdayer (Service de Génétique Médicale, CHU d’Angers), Paul
Gueguen (Service de Génétique, CHRU de Tours), Helene Faust (Institute of Human
Genetics, University Hospital Leipzig), Sabine Specht, Annick Klabunde-Cherwon (Center
for Pediatric and Adult Medicine, Heidelberg University, Medical Faculty Heidelberg), Melik
Malek Khelifa, Anke Bergman (Department of Human Genetics, Hannover Medical School),
Carol Saunders (Department of Pathology and Laboratory Medicine, Children's Mercy
Hospital), Magdalena Krygier (Department of Developmental Neurology, Medical University
of Gdansk), Diana Carrasco (Clinical Genetics, Cook Children's Medical Center), Kay
Metcalfe (Manchester University), Stephan Sanders (University of Oxford, Department of
Pediatrics), David Y. Zhang, Renae Judy (University of Pennsylvania), Jozef Gecz (Adelaide
Medical School), Corrado Romano (University of Catania, Department of Biomedical and



Biotechnological Sciences), Cindy Skinner, Angie Lichty, Ellen Linebaugh, Steven A. Skinner
(JC Self Research Institute), Maria Chahrour (University of Texas Southwestern Medical
Center), Tianyun Wang (Department of Medical Genetics, School of Basic Medical
Sciences, Peking University), Kun Xia, Hui Guo (Hunan Key Laboratory of Medical Genetics,
School of Life Sciences, Central South University), Sien Van Daele (Department of Human
Genetics, University Hospitals Leuven), Gert Van Goethem (University of Antwerp,
Department of Neurology), Christina Fagerberg, Jesper Graakjaer, (Hospital of Lillebaelt,
Vejle Hospital, Clinical Genetics), Susanne Anders, Heike Fink (MVZ Mitteldeutscher
Praxisverbund Humangenetik), Isum Ward (Sanford Children’s Specialty Clinic), Dorothy K.
Grange (Washington University School of Medicine), Alanna Strong (Division of Human
Genetics, Children’s Hospital of Philadelphia), Petra Zwijnenburg (Amsterdam University
Medical Center), Meghan Towne (Ambry Genetics), Johannes A. Mayr (University Children's
Hospital, Salzburger Landesklinken and Paracelsus Medical University), Jennifer Morrison,
Aditi Dagli (Arnold Palmer Hospital for Children), Jonathan Levy, Yline Capri (H6pital
Universitaire Robert-Debré), Rebecca C. Spillman, Sarah Hart, Vandana Shashi (Duke
University Medical Center), Boris Keren, Tjitske Kleefstra, Rolph Pfundt, Christian Gilissen
(AP-HP.Sorbonne Université, Hopital de la Pitié-Salpétriere), Evan E. Eichler (Department of
Genome Sciences, University of Washington School of Medicine), Melanie Brugger,
Michael Zech (Institute of Human Genetics, Technical University of Munich), Wendy Chung
(Boston Children’s Hospital), Maria Fasolino (University of Pennsylvania), Eric D. Marsh
(Children’s Hospital of Philadelphia), Caroline Dias (University of Colorado School of
Medicine), David Fajgenbaum (University of Pennsylvania Perelman School of Medicine,
Center for Cytokine Storm Treatment & Laboratory)

Background: TCF7L2 is a transcription factor and critical effector of the Wnt/beta-catenin
pathway, with pleiotropic roles across human biology and disease. Intronic SNPs in TCF7L2
have been linked to increased risk for type 2 diabetes, colon cancer, schizophrenia, and
autism spectrum disorder (ASD). In 2021, 11 pediatric patients with mono-allelic predicted
loss-of-function (pLOF) variants in TCF7L2 were described as having potentially syndromic
features, including developmental delays and variable myopia, autism, and ADHD, among
other features. Defining the genetic and phenotypic spectrum and natural history of this
patient population is urgently required.

Methods: We leveraged multiple recruitment strategies (GeneMatcher, DECIPHER,
literature review, and public/private repositories) to identify an international cohort of 76
patients with neurodevelopmental features and pLOF TCF7L2 variants, herein referred to
as TCF7L2-related neurodevelopmental disorder (TRND), from 2022-2024 and
phenotypically characterized them using a clinician-facing survey. We also conducted a
retrospective screen of ~60,000 adult PennMedicine BioBank (PMBB) patients, identifying a



distinct group of 11 patients with pLOF TCF7L2 variants and unconfirmed
neurodevelopmental phenotype.

Findings: 76 patients had truncating (n = 10), out-of-frame indel (n = 18), missense (n = 33),
splice site (n =10), in-frame indel (n = 1), and CNV (n = 4) variants in TCF7L2. Speech delay
(95.31%), craniofacial dysmorphisms (73.33%), ophthalmologic conditions (65.52%), ASD
(62.07%), and orthopedic abnormalities (52.63%) were most commonly observed. Ear
morphology abnormalities (22.03%), hypertelorism (20.69%), down-slanted palpebral
fissures (18.97%), and frontal bossing (15.52%) were the most frequent craniofacial
features, co-occurring in a subset of patients. Phenotypic differences did not grossly
cluster by variant type or genomic locus. Among PMBB patients, compared to an
age/sexmatched PMBB control group, there was a nominal increased risk for type 2
diabetes with renal manifestations (unadjusted-P=0.03), warranting additional screens,
neurodevelopmental follow-up to correlate with our cohort of pediatric patients, and
further functional investigation.

Implications: This study represents the most comprehensive characterization of patients
to date with TRND, a novel syndromic neurodevelopmental disorder, providing insights
regarding its phenotypic and genotypic spectrum and a foundation for longitudinal study.
We launched a natural history study with Simons Searchlight thatis now open for
enrollment for TRND patients.



