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Presenter Notes
Presentation Notes
Thank you for taking the time to hear about my research on the role of lymph node fibroblasts can play in helping to diagnose Castleman Disease. My name is Joshua Brandstadter, I’m an instructor of medicine in the division of hematology/oncology at the University of Pennsylvania.

Castleman Disease is a rare inflammatory disorder united by the histologic appearance of lymph nodes under the microscope. It can affect a single lymph node station (unicentric) or present with multifocal lymphadenopathy and a systemic inflammatory syndrome (multicentric). Little is understood about the disease but 1/3 to ½ of all patients respond to antibody blockade of IL-6 signaling, the only approved therapy for multicentric disease.

The collection of defining histologic features, however, can be non-specific or observed in only part of an enlarged lymph node, leading to disagreements among pathologists and frustrating doctors and patients alike in confirming the diagnosis. 

This dilemma is emblematic of patients I regularly treat with constitutional symptoms, enlarged lymph nodes, and laboratory abnormalities suggestive of systemic inflammation who have no identifiable malignancy or infection or meet diagnostic criteria for any autoimmune disorder. These patients have a clear problem from an out-of-control immune system but confound clinicians. The limited available research finds no distinctive immunophenotype or clonal restriction. If no disease-specific changes can be found within the hematopoietic compartment, it is therefore worthwhile to explore the immunoregulatory effects of the other cell types within the lesional lymph node tissue – the lymph node stromal cells.

For Castleman, the pathologic diagnosis unites an otherwise heterogeneous collection of unicentric and multicentric clinical presentations and is established by changes in lymph node stromal cells’ histologic appearance. These include prominent follicular dendritic cells, thicker and more numerous vessels, and follicles with shrunken germinal centers and expanded mantle zones in concentric rings.  Recent evidence has suggested these changes in the appearance of lymph node stromal cells might not just be correlative. 
Cxcl13 – a chemokine often expressed by lymph node stroma – is the most upregulated protein in disease flare of patients with multicentric Castleman. 
For the unicentric form of the disease – where only one lymph node station is enlarged – recent genetic studies have suggested the presence of clonality within the non-hematopoietic compartment of diseased lymph nodes. HUMARA assays demonstrate a monoclonal pattern of X chromosome inactivation despite the absence of lymphocytic gene rearrangements in the T cell receptor or immunoglobulin heavy chain. And a kinase-domain PDGFRB single nucleotide variation was discovered in a subset of tested samples with in situ hybridization finding the mutant RNA enriched in the CD45-, non-hematopoietic fraction of cells.

If no clonal restriction or signature immunophenotype can be identified in illnesses like Castleman, perhaps it is because we are simply not looking at the correct cells and that under-studied fibroblasts may be exerting an immunologic effect that causes the polyclonal lymphoproliferation.

I asked whether lymph node stromal cells might actively contribute to the development of this disease. I chose to focus on unicentric Castleman where clonality has been suggested among non-hematopoietic cells and fresh tissue could be more easily acquired from elective surgeries.

Lymph node stromal cells include lymphatic and blood endothelial cells and diverse range of fibroblasts. These include:
Vascular smooth muscle cells that are contractile fibroblasts that express actin and myosin and encircle the endothelium 
Lymphocyte-interacting fibroblasts that in/near the follicles that express CXCL13 called B-zone reticular cells
Lymphocyte-interacting fibroblasts in the interfollicular areas that express CCL19 called  T-zone reticular cells.
and other reticular cell subsets in the perivascular space.

Far from simply sectioning off the different parts of the lymph node, stromal cells play active roles in shaping the immune response. They are important in lymphocyte trafficking, soluble antigen transport, antigen presentation, and germinal center responses.

In mouse models, they have been implicated in host defense, autoimmunity, alloimmunity, the lymphoma microenvironment, and the efficacy of anti-cancer immune therapies such as checkpoint inhibition and CAR T cells.

However, they have not been directly shown to cause human disease, partially due to difficulties studying lymph node stromal cells in human tissue. A perceived need for fresh tissue has limited this research, born from the concern about the “double hit” of cryopreservation and the enzymatic digestion needed to extract these cells from extracellular matrix into single-cell suspension might have on the cells. For example, a recent Immunity paper looking at a role for stromal cells in follicular lymphoma relied on only 4 clinical samples.

I developed tools to study lymph node stromal cell changes in human disease. I adapted mouse enzymatic digestion protocols to human tissue and established a strategy to cryopreserve fresh clinical samples for biobanking. 

By using 2mm pieces of whole tissue, I can freeze lymph nodes for later extraction with comparable viability and good preservation of gene expression and representation of individual stromal cell subsets. This enables larger scale study of human lymph node stromal cells, minimizes batch effects, and reduces potential cost/labor waste on processing fresh samples only to subsequently discover a different clinical diagnosis.

With the help of the Castleman Disease Collaborative Network, I assembled the largest collection of single cell RNA sequencing data of human lymph node stromal cells. After patients are told they might have Castleman and find the CDCN online, they can offer to donate tissue. Our biobank coordinator, Bridget Austin, follows up with formal consent and screens patients with a questionnaire I prepared to prioritize incoming clinical samples. After navigating MTAs and other logistics, samples from across North America are shipped overnight on ice. I receive them, remove excess fat and connective tissue, cut a portion of the donated tissue for formalin fixation for internal pathological confirmation, and take the remaining tissue for enzymatic digestion to create a single cell suspension that can be sorted for CD45- (and CD45+) cells and taken through the single cell RNA sequencing pipeline.

This collection includes 5 samples that have a definite Castleman histology upon internal pathologic review and another 5 samples taken from patients with enlarged lymph nodes where Castleman was suspected but that have a definitely not-Castleman, reactive histology. Two samples, from our collaborator Burkhard Ludewig, are from resting lymph nodes taken during head and neck cancer staging surgeries. 

Fitting with what I see clinically, another 11 samples have an unclear diagnosis, with an indistinct histology that could not be comfortably called as definitely Castleman or definitely not Castleman.

Altogether, these data allow us to define blood and lymphatic endothelial cells, and multiple subsets of fibroblasts, including contractile vascular smooth muscle cells that express actin and myosin and chemokine-expressing T- and B-zone reticular cells. 

Patients with unicentric Castleman appear to have more vascular smooth muscle cells (seen in red) and fewer T-zone reticular cells (in orange) compared to reactive controls.

This observation can be translated into a ratio of vascular smooth muscle cells to T-zone reticular cells. We can see that unicentric Castleman has a demonstrably higher ratio of vascular smooth muscle cells to T-zone reticular cells.

We can then train that ratio to the 11 cases where the histology was neither definitively Castleman or not Castleman; where we’re managing the same problem we face in the clinic. Using this ratio, we can identify a subset of the ‘other’ samples with a ratio of vascular smooth muscle cells to T-zone reticular cells comparable to the unicentric Castleman cases. 

The differentially abundant vascular smooth muscle cells in unicentric Castleman also appear to differ in their gene expression, making more angiogenic and TNF-family molecules compared to reactive controls.

Using an in silico interaction analysis, we can find receptor-ligand matches between cell-types that are differentially expressed in Castleman compared to reactive controls. When we plot this paired differential expression based upon whether the cell is hematopoietic or stromal, we observe an enrichment in stromal-stromal signaling in Unicentric Castleman.

These stromal-stromal signals include angiogenesis factors and their receptors (eg VEGFA and FLT1), extracellular matrix molecules (eg Col18A1 and integrin a11b1), and Notch receptor/ligand pairs (eg Notch3 and Jag1)

To observe where these stromal cells reside within my own lymph node samples, I used the 10X Xenium platform for spatial transcriptomics. This approach uses a dual-target recognition to each mRNA strand alongside nuclear, surface, and interior stains to provide 550-probe panel with single cell resolution. I can use the transcriptomic signatures I defined in my gene expression database as a reference to define the same stromal cells within the lymph node architecture. 

In this unicentric Castleman sample, we can resolve stromal cells with the same transcriptomic identity as the cells in my single-cell collection. The differentially abundant vascular smooth muscle cells can be observed in the subcortical, perivascular, and medullary spaces. B-zone reticular cells, as expected, can be observed in the follicles and T-zone reticular cells in the interfollicular/T-zone space. Lymphatic and blood endothelial cells can be identified in addition to other reticular cell populations.

Similar localization for the stromal cell types is observed in reactive control lymph nodes with no apparent differences observed in the distribution of vascular smooth muscle cells. 

We demonstrate that specific changes in lymph node stromal cells can be leveraged to help diagnose Castleman Disease.

New tools, including whole-tissue cryopreservation, enable the study of LNSCs in human lymphoid tissue

VSMCs are differentially abundant in unicentric Castleman compared to otherwise inflammatory controls

VSMC/TRC ratio may assist in the diagnosis of unicentric Castleman Disease

PDGFRB mutations can be detected in unicentric Castleman Disease
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