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Supplemental Experimental Procedures 

 

Genotyping 

LTCFDN mice were genotyped by PCR for presence of the transgene using human TCF7L2 forward 

primer 5’-TCGCCTGGCACCGTAGGACA-3’ and reverse primer 5’-

GGATGCGGAATGCCCGTCGT-3’ and the Mouse Genotyping Kit (KAPA). 

 

Isolation of Mouse Primary Hepatocytes and Cell Culture 

Primary hepatocytes were isolated as previously described, with minor modifications (1). Briefly, the 

hepatic portal vein was cannulated with a 25G Vacutainer butterfly needle (BD Biosciences) in 

anaesthetized (5% isofluorine) 8-12 week old chow-fed male C57BL/6 or LTCFDN mice. Anterograde 

perfusion of the liver using a peristaltic pump (Fisher Scientific) with Hank’s Balanced Salt Solution 

was followed by perfusion with digestion medium (DMEM) containing 5.5 mmol/l glucose, 15 mmol/L 

HEPES, 1% penicillin/streptomycin, and type IV collagenase (100 collagen digestion units/ml, Sigma). 

Hepatocytes were extracted from digested livers, filtered through a 200 micron membrane, washed three 

times in DMEM, and re-suspended in DMEM containing 25 mmol/l glucose, 1 mmol/l sodium lactate, 

15 mmol/l HEPES, 1% penicillin/streptomycin, 100 nmol/l dexamethasone, and 10% fetal bovine serum 

(FBS) prior to seeding 500,000 cells per well in 6-well Primaria plates (BD Biosciences). After 1 h, the 

media were replaced with FBS-free DMEM containing 10 mmol/l sodium lactate, 5 mmol/l glucose, 5 

mmol/l HEPES, 1% penicillin/streptomycin, and 10 nmol/l dexamethasone. All experiments were 

performed on the following day after seeding. 

 

Adenovirus Experiments 

 

The TCF7L2WT and TCF7L2DN cDNA sequences were amplified by PCR with the Q5 High-Fidelity 

DNA Polymerase (New England Biolabs), following directions of the manufacturer, using primers to 

append NotI and XhoI restriction sites at the 5’ and 3’ ends, respectively: TCF7L2WT-F, 5’-

CGCGCGGCCGCAAAATGCCGCAGCTGAACG-3’; TCF7L2WT-R, 5’- 

CGGCTCGAGTTCTAAAGACTTGGTGACGAGC-3’; TCF7L2DN-F, 5’- 

CGCGCGGCCGCAAAATGGAAACGAATCAAAACAGCTCCTC-3’; TCF7L2DN-R, 5’- 

CGGCTCGAGTTCTAAAGACTTGGTGACGAGC-3’. The PCR products were separated by agarose 

gel electrophoresis and purified by the Gel/PCR DNA Extraction Kit (FroggaBio). The purified DNA 

products were A-tailed with Taq Polymerase (New England Biolabs) according to the manufacturer’s 

protocol, followed by ligation using T4 DNA Ligase (Promega) into the pGEM-T Easy vector 

(Promega) and routine amplification in bacteria. Clones possessing accurate sequences were identified 

by DNA sequencing (ACGT Corporation). The TCF7L2WT and TCF7L2DN were then subcloned into 

the pShuttle-IRES-hrGFP-2 vector (Agilent Technologies) via the NotI/XhoI sites using T4 DNA Ligase 

(New England Biolabs). The PmeI-linearized TCF7L2WT, TCF7L2DN, and empty shuttle constructs 

were then recombined into the pAdEasy-1 vector through transformation into BJ5183-AD-1 cells 

(Agilent Technologies) and subsequent homologous recombination. Recombinant DNA was then 

amplified in XL10-Gold cells (Agilent Technologies), linearized with PacI (New England Biolabs), then 

transfected into AD-293 cells (Agilent Technologies) by Lipofectamine 2000 (Life Technologies). 

Primary virus particles were harvested three weeks following transfection through four cycles of freeze-

thaw and used in further infect AD-293 cells for further amplification. After three successive rounds of 

virus amplification, adenovirus particles were purified using the Vivapure AdenoPACK 20 (Sartorius) 

and diluted in PBS. Adenovirus titers were measured by absorbance at 260 nm. Virus infection 

efficiency was monitored by GFP expression using the IX71 fluorescence microscope (Olympus) and 

Retiga EXi Fast 1394 camera system (QImaging). 
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Western blotting antibodies 

The antibodies for TCF7L2 (C48H11, #2569), FoxO1 (C29B4, #2889), β-actin (13E5, #4970), 

phosphorylated β-catenin (S675) (#9567), phosphorylated β-catenin (S522) (#9566), γ-tubulin (#5886), 

total Akt (#9272) and Akt (S473) (#9271) were purchased from Cell Signaling Technology while the 

total β-catenin antibody (H-102, sc7199) was obtained from Santa Cruz Biotechnology. The antibody 

for HA tag was acquired from Covance (16B12, MMS-101P). 

 

Electrophoretic mobility shift assay (EMSA) 

 

Method for EMSA with the un-denatured polyacrylamide gel electrophoresis (PAGE) has been 

previously presented (2). Briefly, two synthetic oligonucleotides corresponding to the consensus TCF 

binding motif (Fig. S1B) were annealed, separated by electrophoresis with a 5% polyacrylamide gel, and 

end-labelled with dCTP (alpha-
32

P), utilizing the Klenow fragment of DNA polymerase. EMSA was 

performed by incubating 5 x 10
4
 cpm of end-labelled DNA probe (approximately 0.02 ng of DNA) with 

nuclear protein (approximately 5 µg) in a binding buffer (10 mM Tris-HCl [pH. 8.0], 40 mM KCl, 6% 

glycerol, 1 mM dithiothreitol, 0.05% Nonidet P-40) at room temperature for 30 min. The competitor 

represents unlabeled “cold” TCF binding sequence. The reaction mixture was then loaded onto a 5% 

nondenaturing polyacrylamide gel, and following electrophoresis, the gel was exposed to X-ray film for 

8-24 hrs. Nuclear protein from wild type TCF7L2 or TCF7L2DN transfected HEK 293 cells were 

extracted as we previously described (2).  

 

In vitro glucose production assay 

 

Briefly, mouse primary hepatocytes and hepatoma cell lines were cultured in six-well plates 

(approximately 1.0 x 10
6 

cells per well) in DMEM and starved of serum and glucose overnight. Cells 

were then washed three times with PBS and incubated in glucose production buffer (DMEM without 

glucose, serum, or phenol red, and supplemented with 2 mM sodium pyruvate and 20 mM sodium 

lactate, Sigma, USA). After 2 h, the medium was collected and assayed for glucose content using a 

colorimetric glucose assay kit (Sigma, USA). Glucose content was normalized to total protein content 

measured in whole-cell lysates (1). 

 

Chromatin Immunoprecipitation (ChIP) 

 

The ChIP procedure has been described in our previous study (3) and detailed in Supplementary 

Experimental Procedures. Briefly, formaldehyde was added to hepatocytes isolated from WT or 

LTCFDN mice at a final concentration of 1% to cross-link the chromatin and nuclear regulatory 

proteins. After a sonication procedure, the appropriate antibody was added to precipitate the cross-linked 

sheared chromatin. Following a reverse cross-link procedure, one-tenth of the final precipitated DNA (2 

μl) was used in each PCR. Following ChIP, PCR was performed using primers recognizing the Pck1 

promoter surrounding the FoxO binding site (Fig. S3D): Pck1-FoxO-Forward, 5’-

GTGAGGTAACACACCCCAGC-3’; Pck1-FoxO-Reverse, 5′-AACTGCAGGCTCTTGCCTTA-3’. The 

primers used to recognize Intron 1, which contains no FoxO binding site, are: Pck1-Intron-Forward, 5’-

GGGCCCACTCATGTTCTTTAC-3’, Pck1-Intron-Reverse, 5’-ACCTTGGCAGAGAAATCCAG-3’. 

Real-time PCR was performed using Power SYBR Green Mix (Applied Biosystems) with the 7900HT 

Fast Real-Time PCR System (Applied Biosystems). 
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Supplementary  Table 1. RT-PCR Primers 

 

Gene 
(Mouse) 

Sequence (5’ to 3’) Product Size 
(bp) 

Acaca Forward: CACTCCTTAGAGAGGGGTCA 330 

Reverse: TAACTTCCCAGCAGACGGTG 

Acadl Forward: TGCCCTATATTGCGAATTACG 184 

Reverse: AACACCTTGCTTCCATTGAG 

Actb Forward: TCATGAAGTGTGACGTTGACA 285 

Reverse: CCTAGAAGCATTTGCGGTG 

Axin2 Forward: TGTCCAGCAAAACTCTTC 82 

Reverse: CTTCTCTTGAAGGACCTGA 

Ehhadh Forward: TTGCTCAGACGGTTATAGG 160 

Reverse: ACTGAACGGACACAAGTC 

Fasn Forward: AGAAGTGCAGCAAGTGTCCA 257 

Reverse: GGTCGATGAGGGCAATCTGG 

Fbp1 Forward: GTAACATCTACAGCCTTAATGAG 153 

Reverse: CCAGAGTGCGGTGAATATC 

G6pc Forward: TGAGACCGGACCAGGAAGTC  195 

Reverse: GCAAGGTAGATCCGGGACAG 

Gys2 Forward: TTGTCGGTGACATCCCTTGG 140 

Reverse: TTGGCCTTGGTCTGGATCAC 

Mlxipl Forward: CTGGGGACCTAAACAGGAGC 166 

Reverse: GAAGCCACCCTATAGCTCCC 

Pck1 Forward: AGGGTGGCTGGCGGAGCATA 362 

Reverse: GGGCCAGCGGCTCATCGATG 

Ppargc1a Forward: GTCCTTCCTCCATGCCTGAC 103 

Reverse: TAGCTGAGCTGAGTGTTGGC 

Srebf1 Forward: TAGAGCATATCCCCCAGGTG 245 

Reverse: GGTACGGGCCACAAGAAGTA 

Tcf7 Forward: AGGTCAGATGGGTTGGACTG 412 

Reverse: AGGGTGCACACTGGGTTTAG 

Tcf7l1 Forward: GAGTGCGAAATCCCCAGTTA 384 

Reverse: ATGCATGGCTTCTTGCTCTT 

Tcf7l2 Forward: GCATCCCTCACCCGGCCATC 243 

Reverse: GCCACCTGCGCCCGAGAATC 

TCF7L2 
(human) 

Forward: TCGCCTGGCACCGTAGGACA 200 

Reverse: GGATGCGGAATGCCCGTCGT 
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Supplementary Figure 1. TCF7L2DN binds to the consensus TCF binding motif but cannot 

recruit β-cat. (A) Detection of wild type TCF7L2 and TCF7L2DN in HEK 293 cells infected by the 

correspondent adenovirus by Western blotting with the anti-HA tag antibody. (B) TCF binding probe 

utilized in EMSA. (C) Both wild type TCF7L2 and TCF7L2DN bind to the TCF binding probe. WT, 

wild type TCF7L2; DN, TCF7L2DN. Competitor is unlabeled double strange DNA probe. (E and D) 

HEK 293 cells were infected by Ad-TCF7L2WT or Ad-TCF7L2DN for 36 hr. The cell lysates were 

prepared for co-IP with the anti HA-tag antibody as the IP antibody, and HA-tag and β-cat antibody as 

the Western antibody. 
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Supplementary Figure 2. LTCFDN Transgenic Mice Express TCF7L2DN Exclusively in the Adult 

Liver (A) Genotyping PCR of eight founder mice. (B) Detection of hepatic TCF7L2DN expression of 

the offspring of one of five positive founder mice. (C) RT-PCR of exogenous human TCF7L2 as well as 

endogenous mouse TCFs in wild-type 12 wk old liver (WT), newborn LTCFDN liver (NB), 2 wk old 

LTCFDN liver (2W), 12 wk old LTCFDN liver (12W), and 12 wk old LTCFDN hepatocytes (HE).  
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Supplementary Figure 3. LTCFDN Mice Exhibit Progressive Defects in HGP (A) Body weights at 

different ages. (B) Fasted and fed glucose levels, (C) fasted and fed insulin levels, and (D) liver weights 

of 12 wk old mice. (E) AUC of PTT from Fig. 2A, (F) GTT from Fig. 2B, (G) ITT from Fig. 2C, (H) 

PTT from Fig. 2D, (I) GTT from Fig. 2E, (J) PTT from Fig. 2F, and (K) ITT from Fig. 2G. (L) Glucose 

output normalized to the corresponding control-treated group. AU, arbitrary units; AUC, area under 

curve; GTT, glucose tolerance test; HGP, hepatic glucose production; ITT, insulin tolerance test; PTT, 

pyruvate tolerance test. *p < 0.05; **p < 0.01; ***p < 0.001. Values represent mean + SEM. (M and N) 

Insulin-stimulated Akt S473 phosphorylation in LTCFDN mouse livers (M) with densitometric 

quantification (N). For M and N, n=3 for each of the four groups. M is a representative blot from 2 

experiments.  
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Supplementary Figure 4. Detection of FoxO1 S256 and β-cat S675 in LTCFDM mouse liver tissue. 

A representative blot of three individual experiments. N=4-5 for each group. WT, wild type littermates, 

Tg, LTCFDN.   

 
 

 

Supplementary Figure 5. Bright field and green fluorescence views of C57BL/6 hepatocytes 

showing greater than 95% efficiency of infection with the labelled adenoviruses. GFP, green 

fluorescent protein. 

 


