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Supplementary Figure S1. Inducible deletion of GNE selectively in hepatocytes in 
mice.   
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(A) Floxed GNE mice (GNEfl/fl) were generated by inserting LoxP sites within intron 2 
and 3 of the mouse GNE gene allowing Cre-recombinase-mediated excision of exon 3.   
(B) PCR genotyping of wild-type mice (WT) and mice heterozygous or homozygous for 
the floxed allele (HET, HOMO).  
(C-E) In GNEfl/fl mice injected with AAV8-GFP or AAV8-Cre, mRNA expression for Cre 
recombinase (C) or GFP (D) was detected by qRT-PCR in the liver, but not in the white 
adipose tissues (WAT), skeletal muscle (Skel Musc) or pancreas.  In GNEfl/fl mice 
injected with AAV8-Cre, GNE mRNA expression was decreased in the liver, but not in 
the other tissues (E).  N=12/group for liver and pancreas, and N=6/group for WAT and 
Skel Musc. 
(F-J) GNE protein expression was assessed by immunoblot using tissue lysates from 
GNEfl/fl mice injected with control AAV8-GFP or AAV8-Cre.  GNE was selectively 
deleted in the liver (F), with no decrease in WAT (G), Skel Musc (H) or pancreas (I).  
Quantitation of GNE protein expression (J).  N=6/group for liver, WAT, pancreas and 
N=12/group for Skel Musc.   
(K, L) Plasma ALT (K) and AST levels (L) were assessed after 2 weeks of AAV 
injection.  N=13-15/group. 
Data are represented as mean±SEM.  Significance was determined by one-way 
ANOVA with Tukey's multiple comparison (C, D), unpaired two tailed Student’s t test 
with Welch’s correction (Liver in E and in J), and by unpaired two-tailed Student’s t test 
(WAT, Skel Musc, Pancreas in E and J, K, L).  
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Supplementary Figure S2. Changes in protein sialylation in liver, plasma and  
primary mouse hepatocytes by hepatic GNE deletion. 
(A, B) Male GNEfl/fl mice were injected with control AAV8-GFP or AAV8-Cre at 5 weeks 
of age and fed control diet for 2 weeks.  Liver lysate (A) and plasma (B) were obtained, 
Coomassie brilliant blue staining was performed (CBB), terminal sialylation was 
assessed using SNA-lectin and MAL-II-lectin, and terminal galactosylation was 
assessed by ECL-lectin blotting. Three samples are shown per group.  
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(C) Male GNEfl/fl mice were injected with control AAV8-GFP or AAV8-Cre at 5 weeks of 
age and fed control diet for 2 weeks.  Primary hepatocytes were isolated and cultured 
for 24h, and protein sialylation and galactosylation were assessed by SNA-lectin, MAL-
II-lectin and ECL-lectin blotting. Three samples are shown per group.  
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Supplementary Figure S3. Effect of hepatocyte-specific deletion of GNE on 
glucose metabolism in control diet fed mice. 
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(A-E) Female GNEfl/fl mice were injected with control AAV8-GFP or AAV8-Cre at 5 
weeks of age, and 2 weeks post-AAV injection, body weights (A, N=9,10/group) and 
lean or fat mass (B, N=9,10/group) were assessed. (C) Plasma glucose concentrations 
after 6h fast.  N=9,10/group. (D) Glucose tolerance tests (1g/kg glucose) after 6h fast.  
N=9,10/group. (E) Insulin tolerance tests (0.5U/kg insulin) after 6h fast. N=9,10/group. 
(F-J) GNEfl/fl mice were crossed with mice expressing Albumin-Cre recombinase.  Male 
GNEfl/fl mice and GNEfl/fl;Albumin Cre mice were fed control diet.  Body weights (F, 
N=8/group) and lean or fat mass (G, N=8/group) were assessed at 15 weeks of age. 
(H) Plasma glucose concentrations after 6h fast. N=8/group. (I) Glucose tolerance tests 
(1g/kg glucose) after 6h fast.  N=8/group. (J) Insulin tolerance tests (0.5U/kg insulin) 
after 6h fast. N=8/group. 
(K-R) Male GNEfl/fl mice were injected with control AAV8-GFP or AAV8-Cre at 5 weeks 
of age, and fed control diet for an additional 0-12 weeks.  Body weights were monitored 
(K, N=15-16/group). (L) Body composition was assessed by NMR at 12 week post 
AAV8 injections (N=13-15/group). (M)  Plasma glucose concentrations after 6h fast.  
N=15-16/group. (N, P) Glucose tolerance tests (1g/kg glucose) after 6h fast, 6 weeks 
(N) or 12 weeks (P) post AAV8 injections.  N=15-16/group. (O, Q) Insulin tolerance tests 
(0.5U/kg insulin) after 6h fast, 6 weeks (O) or 12 weeks (Q) post AAV8 injections N=15-
16/group. (R) Food consumption was measured every 2 weeks (N=6, 5/group).  
Data are represented as mean±SEM.  Significance was determined by unpaired two-
tailed Student’s t test (A-C, F-H, L) or two-way repeated measures ANOVA with Sidak's 
multiple comparison test (D, E, I-K, M-R).   
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Supplementary Figure S4. Effect of hepatocyte-specific deletion of GNE on 
insulin receptor processing. 
(A-B) Male GNEfl/fl mice were injected with control AAV8-GFP or AAV8-Cre at 5 weeks 
of age and fed control diet for 2 weeks.  Primary hepatocytes were isolated, and the 
abundance of insulin receptors were assessed by immunoblot (A). Quantitation of 
immunoblots by densitometry is shown in B (N=3/group). 
(C-F) Primary hepatocytes were isolated and cultured for 24h, treated with insulin 

(100nM) for 15min, and IR-Tyr1146, Akt-Ser473 and GSK3/-Ser21/9 
phosphorylation was assessed by immunoblot. (C, 3 samples/group shown). 
Quantitation of immunoblots by densitometry is shown in D-F (N=3/group).   
(G-J) Primary hepatocytes were isolated and pretreated with or without 5 mM sialic acid 

for 3 days, then treated with insulin (100nM) for 15 min, and IR and IR expression 
was assessed by immunoblot (G, 3 samples/group shown). Quantitation of immunoblots 

by densitometry is shown in H, I (N=6/group). IR-Tyr1146 phosphorylation was also 
assessed by immunoblot (2 samples/group shown). Quantitation of immunoblots by 
densitometry is shown in J (N=4/group).  
(K) Male GNEfl/fl mice were injected with control AAV8-GFP or AAV8-Cre at 5 weeks of 
age and fed control diet for 2 weeks, IRβ was immunoprecipitated from liver lysate, and 
IR ubiquitination was evaluated (2 samples/group shown).  Upper panel is IR 
immunoblot. 
(L-N) Primary hepatocytes were isolated and cultured for 24h, treated with vehicle or 
the proteosome inhibitor MG132 (10µM for 18h), and IR abundance was assessed by 
immunoblot (L, 3 samples/group shown). Quantitation of immunoblots by densitometry 
is shown in M, N. 
Data are represented as mean±SEM.  Significance was determined by unpaired two 
tailed Student’s t test (B), two-way ANOVA with Tukey's multiple comparison test (D-F, 
J), or one-way ANOVA with Tukey’s multiple comparison (H-I, M-N). 
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Supplementary Figure S5. Effects of hepatic GNE deletion on glucagon 
production and action.  
(A,B) Male GNEfl/fl mice were injected with control AAV8-GFP or AAV8-Cre at 5 weeks 
of age and fed control diet for 2 weeks, and plasma glucagon and GLP-1 levels were 
measured without fasting or after a 6h or 16 fast.  N=7-9/group. 
(C-F) Pancreatic glucagon production was assessed.  (C) Pancreatic hyperplasia was 
assessed by calculating pancreas weight/body weight. N=12/group. (D, E) 

Immunofluorescence images of pancreas, showing insulin-producing  cells in red and 

glucagon-producing  cells in green (D, Scale bar=100 µm).  Ratio of glucagon to 
insulin positive area was calculated (E, N=9,14/group). (F) Glucagon mRNA expression 
in pancreas was determined by qRT-PCR (N=12/group). 
(G) Female GNEfl/fl mice were injected with control AAV8-GFP or AAV8-Cre at 5 weeks 
of age and fed control diet for 2 week, and glucagon tolerance tests were performed 
after 6h fast.  N=9/group. 
(H) Male GNEfl/fl mice or GNEfl/fl;Albumin Cre mice were fed control diet for 10 weeks, 
and glucagon tolerance tests were performed after 6h fast.  N=8/group. 
Data are represented as mean±SEM.  Significance was determined by two-way ANOVA 
with Tukey's multiple comparison test (A, B), unpaired two-tailed Mann-Whitney test (C, 
E), Student’s t test with Welch’s correction (F), or two-way repeated measures ANOVA 
with Sidak's multiple comparison test (G, H),  
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Supplementary Figure S6. Effect of hepatic GNE deletion on plasma and liver 
lipids 
(A-E) Male GNEfl/fl mice were injected with control AAV8-GFP or AAV8-Cre at 5 weeks 
of age and fed control diet for 2 weeks, and levels of triglyceride (TG), total cholesterol 
(TC) and free fatty acid (NEFA) in plasma and liver were measured in ad libitum fed 
state. N=9/group. 
(F-K) Male GNEfl/fl mice were injected with control AAV8-GFP or AAV8-Cre at 5 weeks 
of age and fed control diet for 2 weeks. Mice were fasted for 16h or fasted for 16h 
followed by refeeding for 4h, the plasma and livers were harvested, and levels of 
triglyceride (TG), total cholesterol (TC) and free fatty acid (NEFA) in plasma and liver 
were measured. N=7/group. 
Data are represented as mean±SEM. Significance was determined by unpaired two 
tailed Student’s t test (A-E) and two-way ANOVA with Tukey's multiple comparison 
analysis (F-K). 
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Supplementary Figure S7. Effects of hepatic GNE deletion on insulin suppression 
of lipolysis and insulin signaling in WAT.   
(A,B) Male GNEfl/fl mice were injected with control AAV8-GFP or AAV8-Cre at 5 weeks 
of age and fed control diet for 2-4 weeks, and plasma levels of free fatty acids (FFA) 
were measured before and after a hyperinsulinemic-euglycemic clamp. N=10,11/group.   
(C,D) After the clamp, inguinal WAT was isolated, and the expression of IR precursor 

(Pro-IR), IR and IR, and IR-Tyr1146, Akt-Ser473 and GSK3/-Ser21/9 
phosphorylation were assessed by immunoblot (C).  Quantitation by densitometry is 
shown in D (N=10,11/group).  
Data are represented as means±SEM.  Significance was determined by two-way 
ANOVA with Tukey's multiple comparison test (A), or unpaired two tailed Student’s t test 
with or without Welch’s correction or unpaired two tailed Mann-Whitney test (B, D). 
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Supplementary Figure S8. Effects of hepatic GNE deletion on FoxO1 expression 
and phosphorylation.   
(A-C) Male GNEfl/fl mice were injected with control AAV8-GFP or AAV8-Cre at 5 weeks 
of age and fed control diet for 2 weeks, and the abundance of Fox01 phosphorylation at 
Ser256, total FoxO1 and β-actin were assessed by immunoblot (A).  Quantitaion by 
densitometry is shown in B, C.  N=6/group).  
Data are represented as means±SEM.  Significance was determined by unpaired two 
tailed Student’s t test (B) or two-way ANOVA with Tukey's multiple comparison test (C). 
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Supplementary Figure S9. Studies of liver GNE and FGF21. 
(A,B) Male GNEfl/fl mice were injected with control AAV8-GFP or AAV8-Cre at 5 weeks 
of age and fed control diet for 2 weeks, and the expression of FGFR1 (A), and Klotho 
(B) was evaluated in various tissues by qRT-PCR.  N=12/group for liver and pancreas, 
N=9/group for WAT and BAT, and N=6/group for skeletal muscle. 
(C-E) Male GNEfl/fl, FGF21fl/fl or GNEfl/fl;FGFfl/fl mice were injected with control AAV8-
GFP or AAV8-Cre at 5 weeks of age and fed control diet for 2 weeks, and body weight 
(C, N=11-12/group), lean and fat mass (D, N=7/group) and food consumption (E, N=7-
9/group) were measured.    
Data are represented as means±SEM.  Significance was determined by unpaired two 
tailed Student’s t test with or without Welch’s correction or unpaired two tailed Mann-
Whitney test (A, B) or one-way ANOVA with Tukey’s multiple comparison (C-E). 
 
 
 


