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T1D onset has multiple stages over time

TrailNET

CD8 Glucagon

• Immune activation
• Immune attack of β cells
• Development of single autoantibody (AAb)

HPAP-020: 4 AAb+, <1 year onset 

- Where is autoimmunity coordinated?
- What immune perturbations occur?
- How early can these perturbations be detected?
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Pancreatic lymph nodes (pLN) may be essential for 
T1D development 

Gagnerault, et al., JEM 2002

• In non-obese diabetogenic (NOD) mouse model, removal of pLNs 
early in development abrogates disease 

• LN removal has no effect later in disease development

Human pLN immunology data in T1D is understudied
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A survey of immunological tissues in T1D

• Immune population profile of pLN throughout human T1D development?

• Shared immunophenotypes found in other lymphoid organs 
and tissues?
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Tissues isolated for immunological assays

Cell Isolation

Single Cell Omics

Flow Cytometry
ND AAb+ T1D

Blood

mesLNs

pLNs
Spleen

Human Pancreas Analysis Program (HPAP) 
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Immunological lineage panel

• Innate
- Neutrophils
- Eosinophils
- DCs
- Monocytes
- NK cells
- Hema. stem cells
- ILCs

• T cells
- CD4+ and CD8+

• B cells

Activation and 

subsets

Major immune populations did not change in AAb+, T1D pLN 
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Shift in pLN NK cell phenotype in T1D

ND AAb+ T1D
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No other innate immune cell phenotypes observed

pLN NK cells
“Regulatory” “Cytotoxic”
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pLN B cells have increased CD27 expression

• CD27 is a memory B cell marker

CD27
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Gating for T cells

T cells CD8+ T cells

Central Mem. Naive

TemraEffector Mem.
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CD8+ Tem are more frequent in AAb+ and T1D pLN 

CD45RA
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CD8+ Temra are increasingly CD27- & CD127-
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CD4+ Tcm & Tem cells altered in AAb+ & T1D

Tcm Tem Temra Tnaive
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CITEseq on HPAP tissue for deep immunophenotyping

Stoeckius et al., Nature Methods 2017
Timp and Timp, Science Advances 2020
10X Genomics

CITEseq –RNAseq and surface epitopes in single cells

• pLNs, mesLNs, splenocytes
• 49 total samples

• 650,083 cells passing QC

20 Donors

ND
n = 6

AAb+
n = 7

T1D
n = 7

All data publicly available
PANC-DB: hpap.pmacs.upenn.edu

GEO: accession GSE221787

• 3’ scRNAseq
• Totalseq-A Cocktail (Biolegend)
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Clusters identified from CITEseq
B class switched memory #1
B class switched memory #2
B IgM+ memory #2
B IgM+ memory #3
B IgM+ memory #4
B IgM+ memory/marginal zone like #1
B IgM+ memory/marginal zone like #2
B naïve #1
B naïve #2
B naïve #3
B plasma cell/plasmablast
B Tbet+/ABCs

T CD4 naïve #1
T CD4 naïve #2
T CD4 Tcm/Tem
T CD4 Tcm/Treg
T CD4 Tem/activated
T CD8 gdT/Helios+
T CD8 naïve #1
T CD8 naïve #2
T CD8 Tem/Temra
T CD8 Tem/Trm #1
T CD8 Tem/Trm #2

NK
NK/ILC
DC
Monocyte #1
Monocyte #2
Monocyte #3/Innate Mix

B cells

T cells

Innate cells
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Cells by Donor
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Cells by Tissue
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Cells by Cluster
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B cell clusters

B cells

T cells

Innate cells
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T cell clusters

B cells

T cells

Innate cells
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Innate cell clusters

B cells

T cells

Innate cells
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Gene (RNA) Expression by Cluster
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Surface Epitope Expression by Cluster
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Surface Epitope Modules 
by Immune Cell Cluster
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Gene Expression 
Modules by Cluster
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Clusters across disease states
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Number of cells across clusters
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Differential gene expression: NK cell cluster

KLRB1 (CD161) Runx1

pLN | ND vs AAb+ pLN | ND vs T1D
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Differential gene expression: CD4 Tcm/Treg cluster

pLN | ND vs AAb+ pLN | ND vs T1D IL7R (CD127)Tox

FoxP1
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Immune Atlasing: Take-Aways and Future Directions
• Main Finding – pLN in AAb+ and T1D individuals do have altered 

immune profiles
- NK cells more cytotoxic in T1D
- B cells have increased CD27 expression in AAb+, T1D
- T cells tend to have increased memory populations, more differentiated/activated
- initial indications of overlapping phenotypes in CITEseq/flow datasets
- pLN have evidence of “immunological aging” or inflammatory state

• Ongoing Work
- Data analysis!
- Examination of mesLNs, spleen
- Correlating phenotypes to clinical data

All data publicly available
PANC-DB: hpap.pmacs.upenn.edu

GEO: accession GSE221787
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