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We are writing on behalf of People for the Ethical Treatment of Animals—PETA entities have more than 

9 million members and supporters globally—in response to this RFI from the National Commission on 

Lymphatic Diseases (NCLD). We provide a brief response on the topics numbered in the RFI, 

highlighting how novel methodologies can address current research gaps and propel the advancement of 

knowledge on lymphatic diseases. Recognizing the limitations of traditional animal models in studying 

the lymphatic system, we advocate for the adoption of cutting-edge human-based models and 

sophisticated computational approaches. These alternatives not only promise to enhance the accuracy and 

relevance of research findings but also align with ethical standards by reducing use of animals in 

experiments. Our key recommendation is for the NCLD to pursue research using only human 

biology-based systems and not those using other species. 

We also invite NCLD to review PETA’s strategy for advancing biomedical research in the U.S. through 

evidence-based practices and transitioning support to non-animal methods, applicable across various 

research domains. This plan, called Research Modernization Deal, can be accessed at 

https://www.peta.org/wp-content/uploads/2023/01/peta-research-modernization-deal.pdf, and we happy to 

meet to discuss any questions related to this response or the topics covered in the Research Modernization 

Deal. 

https://rfi.grants.nih.gov/?s=663a43f2f5e57a5a12021e82
https://www.peta.org/wp-content/uploads/2023/01/peta-research-modernization-deal.pdf


For decades, lymphatic diseases have been overlooked due to low interest in studying the lymphatic 

system (LS) itself which has resulted in limited understanding about its related disorders.1 Looking for 

opportunities to study the function of the LS and improve disease management, the National Heart, Lung, 

and Blood Institute (NHLBI) and the National Institute of Diabetes and Digestive and Kidney Diseases 

(NIDDK), of the National Institutes of Health (NIH), hosted the virtual workshop “Yet to be Charted: 

Lymphatic System in Health and Disease” in September 2022,2 which brought attention to the importance 

of the subject. Considering the broad nature of this RFI, we would like to provide a brief discussion 

focusing on two points: the future research landscape on the LS and the current limitations for clinical 

translation to humans. 

Currently, rodents’ tails are commonly used to study LS disorders. For these experiments, which 

predominately use mice, experimenters make an incision to the animal’s tail to cut vessel flow and 

attempt to address the subsequent lymphatic pathogenesis.3 However, these animal models have important 

drawbacks. First, no existing animal model preserves functional lymph collection vessel trunks, posing a 

major limitation in the relevance of the studies for investigating the idiopathy of lymphatic disorders and 

their evolution in humans, as these vessels remain intact after surgery.4 As result, these experiments on 

animals focus on morphological changes in the epidermis that accompanies initial lymphangiogenic 

response,3 a mechanism that is not relevant for humans. In addition, affected collecting vessels become 

enlarged, which is not observed in human biopsies,5 and significant immune and physiology differences 

between humans and other animals make these experiments far from ideal to study lymphatic disorders.6 

For instance, a recent mouse tail model attempted to mimic pumping failure during lymphedema 

progression without disrupting the lymphatic collecting vessels. However, the model was irrelevant since 

the induced limb swelling resolved by itself in the mouse tail, even when untreated, due to compensatory 

non-lymphatic contractile mechanisms. 
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3D simulations on the impact of stiffness and leaflets (inserted on the vessel walls) on the function of 

lymphatic valves have been conducted using murine valves as a reference.7,8,9 Similarly, numerous 

transgenic mouse models have been created in an attempt to reproduce human LS.10,11 However, there are 

significant differences between human and mouse lymphatic vasculature, such as in geometry and 

microstructures.12 Additionally, issues related to genetic manipulation, like off-target effects, along with 

the distinct physiology and immunology of mice, create substantial gaps in translating research findings 

to human-relevant results.13,14 Computational models offer a valuable tool to simulate lymphatic functions 

in both health and disease,1,4 generating extensive data that can be explored using in vitro models. 

Therefore, prioritizing human-based approaches in the context of lymphatic disorders is crucial for 

obtaining data translatable to humans. 

Emerging bioengineered models now offer powerful alternatives to imaging and studying the lymphatic 

system, addressing the biomechanical limitations of experiments on animals.4 Biomaterials such as 

hydrogels and microfluidic devices are excellent platforms for replicating human lymph node architecture 

and studying its physiology with continuous real-time measurements, challenges that are difficult to 

overcome with animal models.4 Moreover, these biomaterials can be easily modified with specific 

biochemical and physical features, like incorporating extracellular matrix proteins into hydrogels,15 to 

mimic the LS environment in a human-relevant manner.4,5 
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Questions remain about the relationship between lymphatic pumping failure and the LS due to a lack of 

appropriate experimental models.3 Innovative 3D models using bioprinted16 or cultivated17,18 human 

lymphatic endothelial cells are helping to elucidate lymphatic function in its microenvironment, which 

cannot be recreated with experiments on animals. This presents an opportunity for NCLD to support these 

patient-derived models to investigate lymphatic function and to develop contractile in vitro models in a 

human-relevant context.19 

Many examples of human lymph nodes-on-chip (LNoC), designed with different materials, are detailed in 

a 2021 review by Shanti, et al. in Frontiers in Pharmacology.20 Recently, a new LNoC supported the 

formation of lymph nodes with active germinal centers from primary human blood cells.21 This human-

derived 3D model and others22 enable the study of immune response to immunization and the recreation 

of tissue structure as found in vivo; and highlight the potential of these non-animal methods for 

biomedical research and high-throughput drug screening applications.4 Additionally, there is promise in 

regenerative medicine for transferring functional immune cells, such as in lymphadenectomy and 

lymphodepletion.23 To make significant advancements in understanding and treating lymphatic diseases, 

NCLD must provide the necessary financial and infrastructural support to these more reliable, non-animal 

models. For more detailed recommendations on building more efficient and innovative biomedical 

research, please refer to the Research Modernization Deal: https://www.peta.org/wp-

content/uploads/2023/01/peta-research-modernization-deal.pdf. 

Early diagnosis of lymphatic disorders is challenging and there are techniques that can accelerate 

screening process and patients’ selection for optimal intervention strategies.4 For instance, NCLD can 

develop programs that include the collection of genetic data from patients to determine biological and 
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environmental influence, such as obesity or cancer,24,25,26 on lymphatic disorder prevalence. In parallel, to 

advance understanding of the LS, it is crucial to educate care providers and researchers. One way to 

support progress is by training the medical and scientific community in modern technologies for 

lymphatic visualization that allow the investigation of questions unmet by traditional experiments on 

animals, including anatomic variations and abnormalities of the LS.1,7,27 

Much of our understanding of the lymphatic system's anatomy has been derived from cadaver 

visualization.28 Advancements in lymphatic research have been impeded by the challenges of visualizing 

the live LS, which cannot be achieved with a single injection of contrast agents.29 For example, 

indocyanine green (ICG) lymphography, a commonly used imaging method, employs near-infrared 

cameras to detect injected ICG but has several limitations. Over the past decade, new lymphatic mapping 

techniques, such as computed tomography lymphangiography and dynamic contrast-enhanced magnetic 

resonance lymphangiography,30 have been developed to offer enhanced resolution and sensitivity for a 

significant portion of the LS. NCLD could foster partnerships with companies and hospitals to increase 

human sampling, thereby accelerating the development and implementation of these advanced imaging 

technologies. 

The pathophysiology of LS diseases also remains elusive or poorly understood as lymphatic variants and 

comorbidities seem to be implicated in lymphatic disorders.31 Secondary lymphedema, a swelling of 

limbs affecting over 130 million individuals,3 is prevalent in 43% to 94% breast cancer patients who 

underwent radiotherapy at five years.32 Although management is primarily physiotherapy and 

decongestive lymphatic therapy,4 there is a need to improve early diagnosis and technologies such high-

definition ultrasonography and bioimpedance spectroscopy, which are in high demand by the clinical 

community.14 
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As mentioned by Mehrara and colleagues in their report, “The emerging importance of lymphatics in 

health and disease,”13 improving patient care necessitates the creation of human-based studies, including 

epidemiological and longitudinal research, as well as prospective trials to characterize and predict risks. 

Moreover, identifying lymphatic biomarkers and molecular characterization of lymphatic muscle cells 

through the assessment of clinical samples from biobanks could significantly advance the development of 

future therapies.13 NCLD can address this need by establishing multicentric studies in partnership with 

institutions specializing in LS and specific patient groups, such as those with breast cancer. 

Another promising area is vascularized lymph node transplantation (VLNT) for lymphedema treatment. 

For VLNT, lymph nodes from a healthy donor are transplanted to the affected limb of the patient with an 

arterial and venous anastomosis.33 Longitudinal studies reported great clinical benefit in patients two 

years after VLNT, with improved limb circumference and compression, including breast cancer patients, 

with low complication risk.15,34,35,36 Physicians have reinforced the need for more patient-based studies to 

fully characterize VLNT for lymphedema and to improve outcome. Therefore, we encourage NCLD to 

prioritize funding to longitudinal studies that can help the understanding of LD and provide effective 

interventions for human patients instead of continuing to support experiments on animals that fail to 

provide relevance to human physiology.4 
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