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Supplementary Figure 1 (related to Figure 1). Induction of insulin® cells from the
gastrointestinal tissues by NPM factors (Ngn3, Pdx1 and MafA).

A, B. To evaluate whether gastric tissues can be converted to insulin® cells by the NPM
factors, we cultured gastric organoids from the antral stomach of wild-type animals and
transduced with adenoviruses expressing NPM factors along with Cherry. gPCR
analysis reveals the highest induction of Ins2 transcripts from gastric organoids by NPM
factors, but not by other putative beta-cell reprogramming factors. Data presented as
mean + s.d, n=3.

C-E. To enable expression of NPM factors in the enteroendocrine lineage of the Gl
tract, we used the well-described Ngn3-Cre mouse line, which labels all enteroendocrine
cells in the intestine and the majority of enteroendocrine cells in the antral stomach.
After crossing with the Rosa-GFP reporter line (C), we confirmed that co-expression of
GFP" cells in antral stomach and duodenum with Chromogranin, a marker of mature
enteroendocrine cells (D, E). Some immature GFP'Chromogranin” enteroendocrine
cells were also present (D, E). Scale bar: 50um.

F. In triple transgenic NRT animals, a small number of cherry® cells were observed in
the fundus (corpus) stomach, few of the fundal cherry” are insulin®. Pepsinogen staining
(FQ was used to confirm the fundal identity.

G. Rosa-rtTA;TetO-NPM double transgenic adult mice were treated with Dox for 7 days
and analyzed with immunohistochemistry. Dox treatment longer than 10 days led to
animal death due to hypoglycemia. Many insulin® cells appeared in the antrum whereas
very few insulin® cells were induced from the fundus, indicating that fundal tissue is not
amenable for NPM-mediated conversion. Inset: A higher magnification view of the
induced antral insulin® cells. Scale bar: 1mm.

H, I. Quantitation of major endocrine subtypes in antral stomach and duodenum before
and after induction of insulin® cells in NRT animals. Significant reduction of
Somatostatin® and Gastrin® cells was observed in the antrum (H). In duodenum,
somatostatin®, GIP*, and CCK" cell populations all showed significant reduction after
Dox treatment and insulin induction (I). In contrast, the number of serotonin® cells in
both antrum and duodenum remains unchanged (H, 1). Data presented as mean * s.d,
n=4 animals. * = p<0.05,*”*= p<0. 01, and *** -testp<0. 001,

J. Immunohistochemistry in the antrum and the duodenum showed that the vast majority
of induced insulin® cells are mono-hormonal. Gcg: glucagon. Sst: somatostatin. 5-HT:
serotonin. CCK: cholecystokinin. Ghr: Ghrelin. Arrows indicate a small number of
insulin*Sst” cells in antrum and duodenum (1.1 + 0.8% of total insulin® cells, mean + s.d,
n=3 animals). Scale bar, 50 & m.
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Supplementary Figure 2 (related to Figure 2). Low level of insulin expression was
induced from Glucagon® cells in the islet remnants of STZ-treated NRT animals.

A. Immunohistochemistry shows that before STZ-mediated ablation, the islets are
composed largely of insulin® cells and a minority of glucagon® cells.

B. After STZ treatment, the endogenous insulin® cells disappeared, the islet remnants
are now composed largely of glucagon® cells and some somatostatin® cells.

C. After NPM induction in islet cells in NRT animals, we observed insulin expression,
the majority of which is in glucagon® cells (c). Some somatostatin® cells also express
insulin (¢ ® The insulin channel is shown separately in c6.6



D-l. Consistent with the interpretation that the glucagon’insulin® cells in the NRT
animals after Dox induction represent insulin up-regulation in glucagon™ cells, rather than
an conversion towards beta cells, the glucagon®insulin® cells do not express other beta
cell markers Nkx6.1 and Glut2.

J. Compared with endogenous beta cells, the glucagon®Insulin® cells express insulin at
significantly lower levels. Data presented as mean * s.d, n=3 animals.

K. We did not detect insulin® expression outside of the islet remnants in the pancreas of
NRT animals that have undergone 80% pancreatectomy.

I. There is little insulin content in the pancreatectomized pancreas. In contrast, the
stomach and the duodenum contain substantial amount of insulin. Data presented as
mean * s.d, n=3 animals.

To facilitate direct comparison, all pictures presented were taken at the same exposure
time and at non-saturating pixel intensity.
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Supplementary Figure 3 (related to Figure 2). Antral insulin+ cells have longer
lifespan in vivo compared with intestinal insulin+ cells and can suppress
hyperglycemia.

A. In a pulse-chase experiment, we first used STZ to ablate pancreatic beta-cells in NRT
animals, leading to hyperglycemia. Subsequent Dox treatment led to formation of Gl
insulin® cells and normoglycemia in 5 weeks. After Dox withdrawal, the animals



progressively returned to hyperglycemia in a span of 4 weeks (Week 6-10). Re-
administration of Dox normalized the hyperglycemia again.

B. Immunohistology showed an abundance of insulin® cells in the antrum, duodenum,
and colon at the end of the first Dox period (first panel on the left). 7 days after Dox
withdrawal, intestine insulin® cells became undetectable whereas plenty of antral insulin®
cells were still present (second panel). Antral insulin® cells were detectable on Day 20
(third panel) but disappeared at Day 30 (fourth panel). Re-administration of Dox re-
induced insulin® cells from all Gl regions (last panel). Given that antral insulin® cells
persisted for at least 2 weeks after the disappearance of intestinal insulin® cells,
suppression of hyperglycemia during weeks 7-9 in A reflect suppression of
hyperglycemia by antral cells alone.

C. quantitation of insulin® cells from different Gl regions in the pulse-chase experiment.
Data presented as mean + s.d, n=3 animals.
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Supplementary Figure 4 (related to Figure 3). Characterization of insulin® cells
from the antral stomach, the duodenum, and the colon.

A. Quantitation of immunohistochemistry staining data showed that the majority of
induced insulin® cells from the antrum and duodenum express c-peptide, glucose
transporter 2 (Glut2), Prohormone convertase 1/3 (PC1/3), and Pax6. However, the
expression of Nkx6.1, Nkx2.2 and PC2 are largely restricted to antrum insulin® cells.
Data presented as mean * s.d, n=3 animals. A total of at least 1,000 insulin® cells were
counted.

B. Heatmap representation of beta-cell genes in Colon (Co), duodenum (Du), and
antrum (An) in control and Dox-treated samples. gPCR data were generated from
control samples (total epithelial population from NRT animals without Dox treatment) and
FACS-purified Cherry+ cells isolated from NRT animals 10 days after Dox treatment.
The beta-cell factors are robustly induced in antral tissue. In contrast, many beta-cell
genes are not strongly induced or not induced in the duodenal and colonic tissues. Islet:
purified pancreatic islets.

C, D. Ngn3 protein is expressed transiently in a small number of endocrine progenitors
of the Antrum (C, first panel). After Dox induction in NRT animals, Ngn3 is expressed at
a relatively low level in the induced insulin® cells (C, second panel). In contrast, Ngn3
expression in the pancreatic endocrine progenitors during embryogenesis is much
higher (C, third panel). No Ngn3 expression is detectable in adult islet cells by
immunohistochemistry (C, last panel). gPCR analysis indicates that NPM factors do not
activate endogenous Ngn3 expression (D). Data presented as mean + s.d, n=3 animals.

E, F. Pdxl is expressed at a low level in antral epithelial cells (E, first panel). Strong
Pdx1 expression was observed in the induced insulin® cells (E, second panel),
comparable to Pdx1l expression in embryonic pancreas (E, third panel) and adult islet
beta-cells (E, last panel). gPCR analysis indicates activation of endogenous Pdx1
expression in the induced insulin+ cells (F). Data presented as mean + s.d, n=3
animals.

G, H. Immunohistochemistry and qPCR data showing expression of Foxol in the Gl
insulin® cells. gPCR data were generated from control samples (total epithelial
population from NRT animals without Dox treatment) and FACS-purified Cherry+ cells
isolated from NRT animals 10 days after Dox treatment. Islet: purified pancreatic islets.
Data presented as mean + s.d, n=3 animals. Student t-test.

I, J. gPCR analysis of FACS-purified Cherry® cells from Dox-treated NRT animals
showed that Surl and GIp1R expression is substantially higher in antral insulin® cells
versus duodenal and colonic insulin® cells. Control samples are total epithelial
populations from NRT animals without Dox treatment. Islet: purified pancreatic islets.
Student t-test. Data presented as mean * s.d, n=4 animals.






