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Inhibition of DYRK1A stimulates human beta-cell proliferation 
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Supplementary Figure 1. Negative and positive controls in human islet EdU assay. (a) Sixday EdU 

incorporation in islet cells treated with DMSO. Cells doubly positive for EdU and Cpeptide are circled. 

(b) Lentiviral infection with CDK6 and cyclin D1, followed by six-day EdU incorporation. 
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Supplementary Figure 2. Human islet donor information for each experiment. 
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Supplementary Figure 3. Individual islet donor responses to six-day treatment with 5- 

iodotubercidin (5-IT). Images were captured and analyzed for positivity for EdU or C-peptide, and are 

represented as percent of all C-peptide-positive beta cells in the field of view. Absolute numbers of beta 

cells counted (per field of view) are listed below. Data represent the mean standard deviation of four 

independent wells and nine fields of view per well. * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 

0.0001 compared to DMSO treatment, two-tailed t-test; NS = not significant. 
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Supplementary Figure 4. Effect of six-day treatment with WS-3, a reported small-molecule 

inducer of human beta-cell proliferation. Quantification of the percentage of EdU-positive beta cells 

after six-day treatment with either WS-3 or 5-IT. All images are the same magnification; scale bar = 

100μm. Data represent the mean  standard deviation of eight (DMSO) or four (WS-3, 5-IT) 

independent wells and four fields of view per well. Representative images shown. * p < 0.05 compared 

to DMSO treatment, two-tailed t-test; NS = not significant. 
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Supplementary Figure 5. Effect of treatment with 5-IT on non-beta-cell proliferation. (A) Total 

cell proliferation. Two representative islet donors shown. Images were quantified for total EdU 

positivity, and are represented as percent of all cells, as measured by Hoechst staining. Data represent 

the mean • standard deviation of four independent wells and nine fields of view per well. * p < 0.01, 

** p < 10-7 compared to DMSO treatment, two-tailed t-test; NS = not significant. (B) Effect of six-day 

treatment with 5-IT on alpha-cell proliferation. Cells were stained for EdU incorporation (green), C-

peptide (red), and glucagon (blue). Cells positive for EdU and glucagon are indicated by white arrows. 

(C, D) Effect of six-day treatment with (C) DMSO or (D) 5-IT on rat embryonic neuron proliferation. 

Cortical E18 cultures were stained for MAP2 (green) or EdU (red) to determine proliferation, which 

remains unchanged after 5-IT treatment. 
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Supplementary Figure 6. Comparison of Ki67 staining (left) with EdU incorporation (right) after 

six-day treatment with 5-IT. Cells from the same islet donor were stained with C-peptide and either 

Ki67 or for EdU incorporation, and represented as percent of all C-peptide-positive beta cells. Data 

represent the mean • standard deviation of four independent wells, and nine fields of view per well. * 

p < 0.01, ** p < 0.0001 compared to DMSO treatment, two-tailed ttest; NS = not significant 
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Supplementary Figure 7. Portion of the kinome tree illustrating the CMGC kinases, with the 

individual kinases inhibited by 5-IT circled in red. The kinome image was taken from 

https://www.horizon-genomics.com/available/kinomecmgc. 
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Supplementary Figure 8. Comparison of harmine and harmaline in DYRK1A inhibition and beta-

cell proliferation. (A) DYRK1A activity at the indicated concentration of either compound. We then 

treated human islets for six days with (B) DMSO, (C) 10 μM harmine, or (D) 10 μM harmaline, and 

stained for EdU incorporation and C-peptide. Representative images shown; doubly positive cells are 

indicated by white arrows. (E) Chemical structure of harmine and analogs. 
 

 



SUPPLEMENTARY DATA 
 

©2016 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db15-1127/-/DC1 

Supplementary Figure 9. Quantitative PCR validation of gene-expression profiling results. Top 

genes up- or downregulated were measured after six-day 5-IT treatment, and are represented as log-fold 

changes over DMSO. Data represent the mean  standard deviation of three technical replicates of 

biological triplicates. * p < 0.05, ** p < 0.01 compared to DMSO treatent, twotailed t-test. 
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Supplementary Figure 10. Gene-set enrichment analysis of human islet data. Gene sets involved in 

proliferation are highlighted. Statistical analysis performed as described (Subramanian et al., PNAS 

2005, 102, 15545-50). 
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Supplementary Figure 11. 5-IT treatment did not stimulate α-cell proliferation. (A) Endogenous 

pancreatic mouse islets stained for glucagon (red), BrdU (green) and DAPI (blue). Inset (40x) mark 

proliferating β-cells from 20x merged samples. Representative experiment from (n=4). (B) 

Quantification of proliferating α-cells for BrdU/glucagon. Error bars indicate • S.E.M., ND; not 

detected. 
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Supplementary Figure 12. 5-IT treatment did not affect the morphology in other tissues. H&E 

staining for liver, muscle, visceral adipose, subcutaneous adipose and kidney sections from vehicle or 5-

IT treated mice grafted with human islets. Insets show magnified images. Representative experiment 

from (n=4). 
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Supplementary Figure 13. Absolute numbers of beta cells counted in mouse experiments. 

 


