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Figure S1. hiPSC-derived pancreatic endoderm cells differentiate into both

pancreatic exocrine and endocrine tissues in vivo.

(A) Hematoxylin-Eosin (HE) staining of grafts on days 0, 7, 14, 21, and 30 after
implantation (upper panels) and magnified images of grafts on days 7 and 14 (lower
panels). Green arrowheads indicate grafts. Note that the graft on day 0 immediately after
implantation was not attached to the host mouse kidney. Representative graft images from
three independent experiments (n=3) are shown. (B) Immunostaining of grafts on the
indicated days after implantation in the two different series of experiments from Fig. 1E
for CPA1 (green) and NKX6.1 (red; upper panels), Mucin 1 (green) and E-CADHERIN
(red; middle panels), and PRSS1 (green) and nuclei (blue; lower panels). (C)
Immunostaining of grafts on day 30 for PRSS1 (green), SOX9 (red), INSULIN (magenta),
and nuclei (blue; upper left and middle panels); PTF1A (green), NKX6.1 (red), and CPA1
(magenta; upper right panel); and GLUCAGON (red), INSULIN (magenta), and nuclei

(blue; lower panels). Scale bars: 100 um.
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Figure S2. Sorting strategy for flow cytometry

(A) To isolate human cells using a combination of FITC-conjugated mouse-specific CD45,
H-2, and TER-119 antibodies and APC-conjugated human-specific CD147 and CD298
antibodies, gating was set such that mouse cells had a positive fraction of less than 1%
based on a negative control experiment using only NOD/SCID mouse kidney cells. (B)
Staining using TotalSeq™-A0951 PE-Streptavidin, TotalSeq™-A0952 PE-Streptavidin,
and TotalSeq™-A0953 PE-Streptavidin with EZ-Link™ Sulfo-NHS-LC-Biotin was used
to identify cells on days 0, 11, and 25, respectively. To isolate PE-Streptavidin-Biotin-
tagged cells positive for TotalSeq™-A0951, A0952, or A0953, gating was set such that
non-fluorescent cells had a positive fraction of less than 10% based on a negative control
experiment using unstained hiPSC-derived pancreatic endoderm cells. (C) First, human
cells positive for either human CD147 or CD298 but not mouse CD45, H-2, or TER-119
were sorted from mixtures of human and mouse cells based on a combination of FITC
and APC fluorescence intensity. Blood cells were also sorted and removed by mouse-
specific CD45, H-2, and TER-119 antibodies. Second, DAPI live cells were sorted from
human cells, with broken cells and doublets removed using a combination of FSC and
SSC gating. Third, only cells positive for TotalSeq™-A0951, A0952, or A0953 were
sorted based on PE fluorescence intensity. The percentages listed in each gate indicate the
proportion of all cells before sorting on days 0, 11, and 25. In the left and middle panels,
green and blue dots indicate TotalSeq™-A0951, A0952, or A0953 (PE)" and PE" cells,

corresponding to the light blue and dark blue dots in the lower right panels, respectively.
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Figure S3. Quality control of sScRNA-seq

(A, B) Violin plots of the number of genes (nFeature RNA; upper left panels) and RNA
count (nCount_RNA; upper right panels) detected in each cell and fraction of RNA count
of mitochondrial genes (percent.mt; lower left panels) and
Human Mouse nCount ratio.log2 (lower right panels) before (A) and after excluding
cells not suitable for analysis (B). The exclusion criteria were nCount RNA =20,000,
nFeature RNA = 2000 or = 15000, percentmt = 10%, and
Human_Mouse nCount ratio.log2 =0.6. All 8,189 cells derived from 96 pancreatic
endoderm aggregates on day 0, as well as 8 and 5 graft samples isolated on days 11 and

25, respectively, were pooled upon isolation.
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Figure S4. Transition dynamics of differentiation states of all human cells in hiPSC-
derived pancreatic endoderm and grafts revealed by scRNA-seq.

(A) Clustering of a total of 6,455 cells consisting of all the obtained human cells after QC
shown in Fig. S3 (left panel) and distribution of cells on the indicated days (right panels)
(n=96 for pancreatic endoderm aggregate, n=8 for day 11 grafts and n=5 for day 25 grafts).
All pancreatic endoderm aggregates and graft samples collected on days 11and 25 were
pooled upon isolation. (B) A heatmap showing the differentially expressed genes (DEGS;
[log2FC|>0.25, P value< 0.01). We annotated clusters 0, 1, and 12 as pancreatic endocrine
cells, cluster 2 as pancreatic precursor cells, clusters 8 and 10 as pancreatic exocrine cells,
cluster 5 as duodenal cells, and clusters 3, 7, 11, and 13 as mesenchymal cells, but clusters
4, 6, and 9 could not be annotated. All cluster-specific markers are listed in
Supplementary Table 1. Note that by using larger-sized gene names, clusters 0, 1, and 12
(endocrine cells), 2 (pancreatic precursor cells), 5 (duodenal cells), and 8 and 10 (exocrine
cells) are zoomed in. The pancreas-specific clusters are shown in red.
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Figure S5. Transition dynamics of differentiation states after reclustering revealed
by scRNA-seq.

(A) Distribution of cells expressing marker genes for pancreatic endoderm cells (PDX1,
NKX6.1, PTF1A4, and SOX9), pancreatic endocrine cells (CHGA and INS), and pancreatic
acinar cells (PRSSI and CPAI), depicted as violin plots. (B) Clustering of 440 cells after
narrowing down the clusters to 5, 11, and 12 (left panel) and distribution of cells on the
indicated days (right panels). (C) Dot plots of DEGs (|log2FC[> 1, P value<0.01) showing
the top 100 genes whose expression levels were significantly higher in acinar progenitor
cells (cluster 11) than in other clusters, pancreatic endoderm cells (cluster 12), acinar cells

(cluster 5), endocrine cells (cluster 2), and duct cells (cluster 3).
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Figure S6. Cell transition from poly- to mono-hormonal over time

Feature plots showing the expression levels of GLUCAGON (GCG; left panels) and
INSULIN (INS; middle panels) and co-expression levels of GCG and INS (right panels)
among the cells of grafts on days O (upper panels), 11 (middle panels), and 25 (lower

panels) after implantation.
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Figure S7. Reanalysis of a previously published human fetal pancreas dataset in the
reference [48]

(A) QC metrics, nCount RNA (left panel), nFeature RNA (middle panel) and percent.mt
(right panel). (B) Pie chart showing cellular type composition in the scRNA-seq data. (C)
UMAP plots of all pancreatic cells from post-conception weeks (PCWs) 4 to 11 colored
by cell types (left panel) and PCWs (right panel). (D) Scatter plots colored by cell types



(upper panels) and PCWs (lower panels) showing the gene expression levels of the
indicated acinar markers in acinar-related cells (ventral and dorsal multipotent
progenitors, early tip, tip, and acinar cells) across pseudotime. Lines indicate the fitted
generalized additive models. (E) Feature plot showing the expression of REG4. (F)
Scatter plots colored by cell types (left panels) and PCWs (right panels) showing REG4
expression levels in acinar-related cells (ventral and dorsal multipotent progenitors, early
tip, tip, and acinar cells; upper panels), duct-related cells (ventral and dorsal multipotent
progenitors, early trunk, trunk, and duct cells; middle panels), and endocrine-related cells
(ventral and dorsal multipotent progenitors, early trunk, trunk, endocrine progenitors, and
beta cells; lower panels) across pseudotime. Lines indicate the fitted generalized additive

models.
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Figure S8. Reanalysis of previously published human adult pancreas datasets,
originally derived from five datasets (GSE81076, GSE85241, GSE86469, E-MTAB-
5061, and GSE84133) in the references [50-54]



(A) Sample information of the original data sets (GSE81076, GSE85241, GSE86469, E-
MTAB-5061, and GSE84133; 50-54). (B) QC metrics of each dataset, nFeature RNA
(left panels) and nCount RNA (right panels). (C) Visualization of each cell cluster with
UMAP. (D) Evaluation of unbiased cell types by single-cell technologies. (E) Evaluation
of cell type distribution (left panel), and proportion of cell types by single-cell
technologies (right panel). (F, G) Gene expression pattern across cell types for candidate
acinar progenitor cell markers, REG4, BGN, COL1A2, and HAPLNI (F), and acinar cell
markers, CP41, CPA2, SPINKI, CTRC, and PRSSI (G).



PRSS1

REGH4

(Fold)

PTF1A

(Fold)
10.0

NGN3

HNF1B

0.0



Figure S9. Marker gene expression for three pancreatic lineages induced by

treatment of hiPSC-derived pancreatic endoderm with candidate factors.

A comparison of the effects of 7 candidate factors on the expression of pancreatic acinar
lineage markers, REG4, PRSS1, PTF1A, and CPA1, endocrine markers, NKX6.1 and
NGNS3, and duct markers, KRT19, SOX9, and HNF1B, as evaluated by gRT-PCR. The
treatment started on Stage 4 Day 6 (total day 17) and continued for 8 days, ending on total
day 25. The following factors and concentrations were examined: 20 nM forskolin (FS);
100 uM pCPT-cAMP (pC); 0.02 nM bexarotene (B); 100 ng/mL EGF; 10 ng/mL FGF2;
100 ng/mL HGF; and 2 ng/mL IL-1B. Data from three independent experiments are
presented as mean = SD (n=3). We normalized the expression values against the house
keeping gene GAPDH and then against the untreated control (Control). PE, pancreatic
endoderm.
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Figure S10. Expression of REG4 and PRSS1 induced by combinatorial treatments
of hiPSC-derived pancreatic endoderm with forskolin and each of six candidate
factors.

A comparison of the effects of combinatorial treatments with forskolin (FS) and each of
six candidate factors, EGF, IL-1B, HGF, pCPT-cAMP (pC), FGF2, and bexarotene (B) on
the expression of REG4 and PRSS! as evaluated by qRT-PCR. The treatment started on
Stage 4 Day 6 (total day 17) and continued for § days, ending on total day 25. The same
factors and concentrations as used in Fig. S9 were examined. Data from three independent
experiments are presented as mean+ SD (n=3). We normalized the expression values

against GAPDH and then against the untreated control (Control).



Supplementary Table 5. Antibodies used in this study

Antigen Host Species Company Catalog Number | Dilution
PDX1 Goat R&D AF2419 1:200
University of
NKX6.1 Mouse F55A12 1:40
lowa
. Kind gift from
Armenian T
PTF1A Dr. Yuichi Ono, 1:2
hamster ]
KAN Institute
CPA1 Rabbit AbD Serotec AHP2054 1:100
PRSS1 Sheep R&D AF3586 1:200
Mucinl Rabbit Abcam ab15481 1:300
E-CADHERIN Mouse BD Biosciences 610181 1:1000
SOX9 Mouse Abnova H00006668-M04 1:200
INSULIN Guinea pig DAKO A0564 1:50
GULCAGON Mouse SIGMA G2654 1:100
CD45 Rat BioLegend 147709 1:40
H-2 Rat BioLegend 125507 1:40
TER-119 Rat BioLegend 116205 1:40
CD298 Mouse BioLegend 341706 1:40
CD147 Mouse BioLegend 306213 1:40
Alexa Fluor 488- Thermo Fisher
) donkey . A-11055 1:500
anti-goat Scientific
Alexa Fluor 488- Thermo Fisher
] donkey . Al11015 1:500
anti-sheep Scientific
Alexa Fluor 488- Thermo Fisher
i . donkey .. A21206 1:500
anti-rabbit Scientific
PE- anti- Thermo Fisher
] goat o PA1-32045 1:500
armenian hamster Scientific
Alexa Fluor 546- Thermo Fisher
) donkey .. A-10036 1:500
anti-mouse Scientific
Alexa Fluor 546- Thermo Fisher
i ] donkey . A10040 1:500
anti-rabbit Scientific
Alexa Fluor 647- Jackson
o ] donkey 706-605-148 1:500
anti-guinea pig ImmunoResarch




Alexa Fluor 647-

anti-rabbit

donkey

Thermo Fisher

Scientific

A31573

1:500

TotalSeq™-
A0951 PE-
Streptavidin

BioLegend

405251

1:500

TotalSeq™-
A0952 PE-
Streptavidin

BioLegend

405253

1:500

TotalSeq™-
A0953 PE-
Streptavidin

BioLegend

405255

1:500




Supplementary Table 6. Primers used in this study

Primer Forward Reverse
GAPDH | GAAGGTGAAGGTCGGAGTC | GAAGATGGTGATGGGATTTC
REG4 | ATCAGAGAAGCCAGCCGATA | TGGAGCTCATCTCAGCACAG
PRSS1 | AGCCAGGCTAAGTGTGAAGC | CTGGGGGCTTTAGCTATTGG
PTFIA | CCCCAGCGACCCTGATTA GGACACAAACTCAAATGGTGG
CPAl | ACTACGCCACCTACCACACC | CAGATGGCTGGACGCTTACT
SPINKI | CCTTGGCCCTGTTGAGTCTA | GGTGACCTGATGGGATTTCA
CTRC | TGTGGCGGGACTTTGATT GGTGTCCACACCCACAAA
ACCCCATTCTCTCTTCTTTTC | GAGCCGTCATCCTTTCTACCG
NGN3 TCCT
NKX6.1 | ATTCGTTGGGGATGACAGAG | TGGGATCCAGAGGCTTATTG
KRT19 | CTACAGCCACTACTACACGA | CAGAGCCTGTTCCGTCTCAAA
C
HNFIB | TCACAGATACCAGCAGCATC | GGGCATCACCAGGCTTGTA
AGT
SOX9 | GCTCTGGAGACTTCTGAACG | CCGTTCTTCACCGACTTCCT

A




