
nature metabolism Volume 5 | May 2023 | 713–715 | 713

https://doi.org/10.1038/s42255-023-00806-x

Correspondence

Single-cell expression profiling of islets  
generated by the Human Pancreas Analysis  
Program

I
n this Correspondence, we introduce 
the Human Pancreas Analysis Program 
and discuss ongoing efforts with a spe-
cific focus on the continuous release of 
integrated single-cell RNA sequencing 

(scRNA-seq) measurements across pancre-
atic tissues. Although it has been over 50 years 
since Willy Gepts described the pancreatic 
pathology in type 1 diabetes (T1D), detailed 
understanding of the initial molecular per-
turbations that occur during disease patho-
genesis is still incomplete. Two nontrivial 
constraints hamper insights into these pro-
cesses: (1) the inability to safely biopsy the 
human pancreas of living donors; and (2) the 
substantial disease progression and beta cell 
destruction that has occurred by the time 
patients are clinically diagnosed with T1D. 
These limitations have meant that the major-
ity of T1D studies have been performed on 
peripheral leukocytes from the blood, which 
is not the site of pathogenesis. A revolution 
in single-cell transcriptomic technologies 
during the past decade has influenced the 
molecular profiling of islets. Several primary 
single-cell pancreatic islet atlases for mouse 
and humans have become available1–8. How-
ever, the limited numbers of cells and rela-
tively small numbers of human donors used 
for the abovementioned studies could not pro-
vide comprehensive coverage of the human 
pancreatic islet transcriptome. In 2016, the 
National Institute of Diabetes and Digestive 
and Kidney Diseases (NIDDK) charged a group 
of investigators with forming the Human Pan-
creas Analysis Program (HPAP)9. The goal of 
this initiative is to use cutting-edge but robust 
and tested technologies in pancreatic tissues 
and to release high-quality datasets for the 
T1D community. A central mission of HPAP is 
to organize and share data resulting from the 
study of these tissues through an open-access 
resource database called PANC-DB. Owing 
to the early success of HPAP-T1D, in 2020 
HPAP-T2D was also funded by NIDDK to define 
the molecular pathogenesis of islet dysfunc-
tion by studying human pancreatic tissue sam-
ples from organ donors with T2D10.

Currently, the acceptance criteria for HPAP  
relates to donors who are younger than  
40 years of age and have had T1D for 7 years or  

less, or donors without diabetes who are  
40 years or younger with one or more T1D- 
associated autoantibody (AAb). These criteria  
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Fig. 1 | scRNA-seq reveals the cell populations of human pancreatic islets. a, Overview of the scRNA-seq 
workflow using human pancreatic islet tissue samples. b, Number of cells and donor distribution across 
different biological conditions before filtering. Control, non-diabetic donors. c, Number of cells and 
donor distribution across different biological conditions after filtering. d, UMAP plot showing the proper 
classification of islet cells. e, Stacked bar chart showing the percentage-wise distribution of cell types across 
different biological conditions.
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have evolved over time from data demon-
strating that residual insulin-positive islets 
and insulitis are more likely to be found 
using these acceptance criteria. Our goal is 
to process tissue from at least nine donors 
with recent-onset T1D per year, although the 
unpredictable nature of organ donor recovery 
does not allow us to provide a precise timeline 
for new donors. Multiple data modalities from 
molecular to functional measurements are 
being generated by HPAP, where raw measure-
ments from individual donors become avail-
able on PANC-DB in real time. Among these 
data modalities, single-cell transcriptomic 
measurements are distinct, considering that 
the high-throughput nature of this technol-
ogy and the maturity of computational tech-
niques for these assays have been under active 
development for robust data integration 
across donors. Although the raw FASTQ files 
for scRNA-seq data are uploaded to PANC-DB 
once scRNA-seq libraries from each donor 
have been sequenced, HPAP periodically 
releases fully processed integrated scRNA-seq 
data on PANC-DB’s ‘Interactive Analysis’ sec-
tion once new batches of data from 10 donors 
have been sequenced and passed various qual-
ity control metrics (Supplementary Fig. 1). In 
this Correspondence, we highlight various 
aspects of the release of scRNA-seq data inte-
gration across HPAP donors.

The first set of scRNA-seq measurements  
collected by HPAP (about 80,000 cells 
from pancreatic islets of 24 human donors) 
consisted of three categories: healthy, 
AAb-positive but normoglycemic (AAb+), and 
diagnosed with T1D11. The latest scRNA-seq 
integration (February 2023) highlighted 
in this Correspondence includes around 
260,000 high-quality human pancreatic 
islet cells from 67 donors consisting of four 
categories: non-diabetic (n = 31), AAb+ 
(n = 10), T1D (n = 9) and T2D (n = 17), form-
ing, to our knowledge, the largest existing 
scRNA-seq dataset of human pancreatic tis-
sues (Fig. 1b). After quality control (QC) and 
data pre-processing12,13, including doublet 
removal14,15 and normalization16, the total 
number of cells was 222,077 from 67 donors 
(Fig. 1c). Next, based on the marker genes 
described in (Supplementary Information: 
Note 1), we used the scSorter method17 and 
annotated cells into 10 clusters as shown in 
the uniform manifold approximation and pro-
jection (UMAP) analysis (Fig. 1d). The percent-
age of cells for each cell type across different 
conditions is shown in Fig. 1e. Each release 
of our integrative analysis using scRNA-seq 
measurements in pancreatic tissues has three 

major components, aiming to save many 
hours of computational work for diabetes 
investigators. (1) A fully documented R code 
relying on Seurat’s pipeline used to process 
the latest release of data integration with 
detailed explanations of the pre-processing, 
normalization and scaling, cell annotation 
and other computational issues incorpo-
rated in the processed data. In our opinion, 
this code and accompanying explanations 
can provide training opportunities to indi-
viduals who are learning various aspects of 
scRNA-seq analysis. (2) Processed data based 
on Seurat’s pipeline in two formats (rds and 
h5ad), enabling investigators to apply their 
own filtering, cell annotation and additional 
computational work to scRNA-seq data. (3) 
An interactive tool called CellxGene, devel-
oped by the Chan Zuckerberg initiative to 
navigate and visualize single cells from each 
release (Fig. 1). CellxGene18 exploits modern 
web development techniques and enables 
interactive visualization of large numbers 
of cells, allowing hypotheses to be tested 
with functionalities including subsetting, 
differential expression and others, to help 
the community to explore the HPAP data. 
With every new batch of donors, these com-
ponents are being updated and released 
on PANC-DB, providing a reliable reference 
for single-cell pancreatic islet biology stud-
ies, especially into diabetes-related condi-
tions. Together, our expanding single-cell 
transcriptomic map of human pancreatic 
islet cells and the continuous release of pro-
cessed scRNA-seq measurements across 
HPAP donors aim to democratize access to 
high-quality molecular profiling data in islets, 
facilitating the discovery of new cures for  
T1D and T2D.

Reporting Summary
Further information on research design is 
available in the Nature Portfolio Reporting 
Summary linked to this article.

Data availability
All pancreatic islet sequencing data have been 
uploaded to PANC-DB (https://hpap.pmacs.
upenn.edu/) and the interactive session can 
be accessed on the cellxgene database hosted 
on PANC-DB (https://faryabi16.pmacs.upenn.
edu/view/T1D_T2D_public.h5ad/). The raw 
islet sequencing data in the form of FASTQ 
files for each HPAP sample can be obtained 
from the PANC-DB database. The processed 
data can be downloaded in two formats, RDS 
or h5ad, which can be loaded for analysis using 
Seurat12 and Scanpy19 pipelines.

Code availability
The scripts used for data processing and 
analysis of the scRNA-seq data are available 
on GitHub (https://github.com/faryabiLab/
HPAP-scRNA-seq-Workflow-2022). The cellx-
gene interactive tool with HPAP data can be 
accessed via the cellxgene database (https://
faryabi16.pmacs.upenn.edu/view/T1D_T2D_
public.h5ad/)
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