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Supplementary Table 1. Clinical data of human islets used for the islet transplantation experiments. 
 

  Donor1 Donor2 Donor3 
Age (years) 46 25 58 
Sex Male Male Male 
BMI (kg/m2) 23.3 25.8 26.5 

 
Supplementary Figure 1. Streptozotocin injections eliminated endogenous mouse islet β-cell in mice. 
NOD-SCID mice were injected with streptozotocin (STZ, 125 mg/kg for two consecutive days) prior to 
transplantation. At the end of experiment, pancreatic sections were immunostained for insulin (red) and 
glucagon (brown). The STZ injections eliminated nearly all β-cells with the residual islet containing 
mostly α-cells in the pancreas of water (a) or GABA (b) treated mice. The glucagon-insulin dual stained 
normal pancreatic is shown (c). Scale bars are 50μm. 
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Supplementary Figure 2. GABA lowered blood glucose and improved glucose tolerance in diabetic 
NOD-SCID mice transplanted with suboptimal dose human islets. Induction of hyperglycemia was 
made by injections of streptozotocin (STZ, 125 mg/kg for two consecutive days), and a suboptimal 
number of human islets (1500 IEQ) was inserted under the kidney capsule of the mice. The low numbers 
of human islets cannot maintain blood glucose levels in the normal physiological range, thus providing a 
margin to observe whether GABA treatment improves hyperglycemia in the recipient mice. A sub-
therapeutic dose of insulin was used, but only during the phase when the individual blood glucose levels 
exceeded 22 mM, in order to prevent severe hyperglycemia and potential complications or death. The 
injection of insulin was omitted 48h prior to the blood sampling. The arrow(s) indicates the time point of 
STZ injection, islet transplantation, administration of GABA (through the drinking water, 30 mg/ml, and 
the intraperitoneal glucose tolerance test (IPGTT). (a) Blood glucose levels were monitored during the 
feeding course. (b) IPGTT conducted at 1 week and 3 weeks (c) after the GABA treatment. The 
quantification is expressed as the area under curve (AUC).  Data are mean ± SEM * P<0.05, vs. control. 
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Supplementary Figure 3. GABA-induced β-cell proliferation is GABAAR, GABABR, and Ca2+ 

channel-dependent (a) Isolated adult human islets incubated for 24 h with BrdU (50 μM) with or without 
GABA (100 µM), in the presence or absence of GABAAR antagonist picrotoxin (Pic, 100μM) or 
GABABR antagonist saclofen (Sac, 100μM). The islets were paraffin-embedded and subjected to 
insulin-BrdU dual staining and determination of BrdU+ β-cell numbers. (b) Similar experiments were 
conducted in clonal INS-1 cells, and also assessed by the3H-thymidine incorporation assay. The data is a 
representative of three independent experiments in triplicate, expressed as mean ± SEM. **P≤0.01 vs. 
control, ##P≤0.01 vs. GABA. (c) Isolated human islets were incubated with 2 or 11 mM glucose in the 
presence GABA at indicated concentrations, as described in Materials and Methods. Insulin levels were 
measured by RIA. Data are mean ± SEM, *P≤0.05, **P≤0.001 vs. control, ##P≤0.001 vs. antagonists, 
n=3-5. 
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Supplementary Figure 4. GABA induces Akt and CREB phosphorylation in time- and dose-dependent 
manner INS-1 cells were serum-starved for 2 h and treated with GABA for the indicated time (a) or dose 
(b) for 30 min. Cell lysates were subjected to Western blot analysis for Akt and CREB phosphorylation. 
GAPDH was used as the loading control. Representative blots are shown. Results were quantified and 
expressed in the histogram as mean ± SEM of 4-5 independent experiments. *P≤0.05, **P≤0.01 vs. 
controls. 
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Supplementary Figure 5. GABA-induced Akt and CREB phosphorylation that is independent of each 
other in INS-1 cells. (a) INS-1 cells were serum-starved for 2 h and treated with GABA for 1 h in the 
presence or absence of PI3K inhibitor LY294002 (LY, 1 μM) or PKA inhibitor H89 (1 μM) as indicated. 
Inhibitors were added 30 min prior to GABA treatment. Representative blots are shown. Two sets came 
from non-adjacent lanes on the same gel. Results were quantified and expressed in histogram as mean ± 
SEM of 3 independent experiments. *P≤0.05, **P≤0.01 vs. respective controls.  
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Supplementary Figure 6. GABA protected human β-cells from apoptosis under in vitro and in vivo 
conditions. (a) Western blot analysis shows GABA attenuated cytokine-induced expression of cleaved 
caspase-3 expression in isolated adult human islets; the bar graphs (b) show the quantitative analysis. (c) 
DFDCA-fluorogenic dye-based cellular reactive oxygen species (ROS) detection shows that GABA 
significantly attenuated cytokine-induced ROS production in isolated human islets. (d) Insulin-Tunel 
double staining was conducted on xenotransplanted  human islets grafts in mice that were treated or not 
with GABA. The islets had been inserted under the kidney capsule of NSG mice. Representative 
staining shows the Insulin+ cells and TUNEL+ cells that have undergone apoptosis. Scale bars are 
50μm. (e) Quantification of TUNEL+ β-cells in the grafts. Data are mean ± SEM of 3-5 independent 
experiments. *P≤0.05, **P≤0.01 vs. respective controls.  
 

 
 
 


