Precision Lymphology:
How genetics influences diagnosis
and treatment
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Circulatory and lymphatic systems
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Lymphatic dysfunction is costly for Americans
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Estimated cost: > $40 B/year
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Limited treatments are mostly symptomatic

Interventional

Medical
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Current limitations to diagnosis and treatment

fﬁ Natural history

* Molecular pathogenesis

* Treatments targeting the underlying cause




Bedside to bench and back program for lymphatic anomalies




Intra-institute collaborations facilitates discovery
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Natural history study improves diagnosis

* Definition of the disease?

* Evolution over time?

* Monitoring disease
progression and therapy

response?
Phenotypes Genotypes

NCT:05731141



Lymphatic disease presents and causes disability
throughout the lifespan
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hydrops fetalis

Primary lymphedema
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Natural history study facilitates discovery of novel
phenotypes and genotypes
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Natural history study facilitates discovery of novel
phenotypes and genotypes

it

reported
outcomes

‘ inical Center 7
M ¢ Primary evaluation

e Specialty

consultations
o Biospecimen LMY
collection -~

e Laboratory testing K\/}/

NCT:05731141



=)
NIH Intramural Program Collaborators

Ma.lcenter. _ NIAID Centralized Sequencing Program  NHLBI
Rehabilitation Medicine Sarah Bannon M.S., C.G.C. Andrew Lipton M.D.

Bonnie Hodsdon OTR/L Mari Tokita, M.D. Dina Parekh M.D.

Leora Comis MPA OTRI/L Morgan Similuk M.S. Shelley Kalsi M.D.

Joan Elliott DPT JiaYan, Ph.D., M.S., C.G.C. Sherrell Apugo, MSN, FNP-BC, CHFN
Christopher Turner OTR/L Mike Kamen M.S., C.G.C. Selen Catania, PhD

Leslie Bardin Magdalena Walkiewicz Ph.D. Mark Levin M.D.

Bryce A. Seifert, Ph.D, FA.C.M.G. Tom Burklow M.D.
NIMH Rajarshi Ghosh, Ph.D., F.A.C.M.G. Vandana Sachdev, MD
Audrey Thurm Ph.D. Nadjalisse Reynolds-Lallement, M.S. Alessandra Brofferio, MD
Lisa Joseph Ph.D. Katya Damskey
Olivia Remsberg, CRNP Hannah Davidson-Swinton NIDDK
Joseph Snow M.D. Katie Lewis Anjali Rai M.D.
Angela Summers, PhD NIAID Jennifer Myles
Sarah Cheng Jessica Durkee-Shock M.D., MHSc
NICHD
NIDCD NEI Asma ldriss
Jennifer Chisholm Au.D. Laryssa Huryn M.D. Loc Trinh B.S., B.A.
Julie Christensen M.S. Wadih Zein M.D. Fathy Majadly B.S.
Chris Zalewski, Ph.D. Alan Decherney M.D.
Kelly King Au.D., Ph.D. NCI Veronica Gomez Lobo M.D.
Douglas Stewart M.D. Ph.D.
NIDCR Brigitte Widemann, MD NIH Clinical Center Radiolo
Vivian Szymczuk M.D. Andrea Gross M.D. Bernadette (Bernie) Redd, M.D.
y Alison Boyce M.D. Gina Ney M.D. Ph.D. NIH Clinical Center Pain
Iris Hartley, M.D. Marielle Yohe M.D. Ph.D. and Palliative Care
Christine Insinna, Ph.D. Ann Berger MSN, M.D.
NIAMS Michael Sargen M.D. Jennifer Cheng M.D.

Leslie Castelo-Soccio M.D., Ph.D. Markku Miettin M.D., Ph.D.
Isaac Brownell, M.D. Ph.D.
Kelli Karacki, PA-C

aker CRNP.
V__.KW 3



Improved Genetic Diagnosis
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Families want more resources!

1. Lack of literature about prenatal vascular malformations

2. Support groups that exist do not fit everyone

Shukla...Sheppard, AUIMG Part A 2024, Bowling et al, submitted



A prenatal support guide for parents
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A virtual support group inspires mothers to start their own
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Zebrafish models improve understanding of molecular
pathogenesis and facilitate therapy identification

Models & Mechanisms Drug Development



Benefits of the zebrafish model

Slide modified from Nathan Lawson




KRAS causes central conducting lymphatic anomaly

Groin lymph node injection

Typical Patient

Sheppard et al, JCI Insight 2023; Garlisi Torales...Sheppard JCI 2024



Mosaic KRAS pathogenic variant identified
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Zebrafish model for KRAS-related CCLA
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MEK inhibitors are efficacious for KRAS-
related lymphatic anomalies

Lymphatics
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Do individuals with different KRAS
variants need different treatments?

Cellular mechanisms?

Molecular mechanisms?
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Crystal Structures from UniProt



Indications for off label therapy
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9 year old with chylothorax




Kaposiform lymphangiomatosis

Growth factor

I Typical I I Participant @

Tyrosine kinase domain
Phosphorylated tyrosines

Activeg Slnactive

\ \
o pmrori @

v

Dori. Tech Vasc Interventional Rad 2016;Li*, Sheppard* et al Nature Medicine 2023



Kaposiform lymphangiomatosis
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Taraeted therabv normalizes D-dimer
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Targeted therapy reduces pleural effusions in
NRAS-Kaposiform lymphangiomatosis

Li*, Sheppard* et al Nature Medicine 2023



Targeted therapy improves pulmonary function
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Bedside to bench and back program for lymphatic anomalies




Insights reach farther than lymphatic anomalies
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