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Introduction

Manipulation of gene expression through Cre/loxP recom-
bination system is a powerful research tool to study the role of 
gene function1 and has contributed to understanding of pan-
creatic β-cell biology and pathophysiology. Expressing the Cre 
gene under control of a fragment of the rat insulin II promoter2 
or a partial Pdx1 gene promoter3-5 proved useful to direct Cre 
recombinase in mouse β-cells in vivo. On the downside, these 
promoters also direct Cre expression at various extra-pancreatic 
locations, including areas of the brain critical for regulation 
of metabolism.6 To overcome potential limitations of existing 
approaches, we developed a transgenic mouse line Tg(Ins1-
CreERT) (MIP1-CreERT) where the expression of Cre is 
targeted by β-cells-specific mouse insulin 1 gene promoter 
(Ins1, MIP1)7,8 and the inducible Cre-fused estrogen receptor 
(CreERT)-based activation system offers temporal control of Cre 
activity in the nucleus.9,10 Detailed examination of the resulting 

transgenic line demonstrated specific expression of CreERT in 
pancreatic islet β-cells and lack of expression in the brain.11 Here 
we report a detailed characterization of this β-cell specific MIP1-
CreERT mouse line and show that it has normal metabolism 
and β-cell function. Furthermore, by inactivating the β-catenin 
gene Ctnnb1 in pancreatic β-cells of adult mice we demonstrate 
that MIP1-CreERT can be successfully used to manipulate gene 
activity in pancreatic β-cells.

Despite its potential importance, the impact of Wnt/β-catenin 
signaling in β-cell function remains unclear. The role of β-catenin 
in the pancreas was probed in several loss-of-function studies 
by conditional knockout of the Ctnnb1 gene12-15 timed to early 
mouse development and involving the whole pancreas. Despite 
important data gained in these studies, effects of β-catenin 
knockout on insulin secretion in mature β-cells continue to be 
inconclusive. Here we attempted a conditional β-catenin dele-
tion in pancreatic β-cells of adult mice, using the mouse line 
B6.129-Ctnnb1tm2Kem/KnwJ+/+ which contains the floxed gene 
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Gene manipulation using Cre-loxP recombination has proven to be an important approach for studying the impact 
of gene expression on pancreatic β-cell biology. We report the generation of a transgenic mouse line that enables a 
highly specific system for conditional gene manipulation within β-cells and achieve tissue specific and temporally regu-cells and achieve tissue specific and temporally regu-
lated deletion of the Ctnnb1 (β-catenin) gene in pancreatic β-cells. cDNa encoding Cre recombinase fused to modified 
estrogen receptor (CreerT) under control of mouse insulin 1 gene promoter (Ins1) was used to construct the mouse line 
Tg(Ins1-Cre/erT)1Lphi, also termed MIP1-CreerT. In a cross of MIP1-CreerT with a rOSa26/LacZ reporter strain, tamoxifen 
[Tmx] - dependent β-galactosidase expression occurred within pancreatic β-cells but not in other organ systems. Intra-cells but not in other organ systems. Intra-
peritoneal glucose tolerance tests and glucose-stimulated changes in β-cell cytoplasmic calcium concentration were not 
adversely affected in adult MIP1-CreerT. a mouse line with floxed Ctnnb1 gene (Ctnnb1f/f) was crossed with the MIP1-
CreerT line to generate a mouse model for inducible β-cell specific deletion of β-catenin gene (Ctnnb1f/f:MIP1-CreerT). 
Ctnnb1f/f:MIP1-CreerT mice and Ctnnb1f/f littermate controls, were injected with Tmx as adults to knock down β-catenin 
production in the majority of pancreatic β-cells. These mice showed normal glucose tolerance, islet cyto-architecture 
and insulin secretion. a novel protein fraction of 50Kd, immunoreactive with anti-β-catenin was observed in islet extracts 
from Ctnnb1f/f:MIP1-CreerT[Tmx] mice but not MIP1-CreerT-negative Ctnnb1f/f[Tmx] controls, indicating possible pres-
ence of a cryptic protein product of recombined Ctnnb1 gene. The MIP1-CreerT mouse line is a powerful tool for condi-
tional manipulation of gene expression in β-cells.
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for β-catenin, Ctnnb1 (Ctnnb1fl/fl) where 
exons 1 to 6 of the Ctnnb1 gene can be 
removed by Cre/lox recombination.16 We 
crossed Ctnnb1fl/fl to MIP1-CreERT mice, 
thus generating a stable conditional, tissue- 
and time-specific knockout of β-catenin in 
pancreatic β-cells that can be activated by 
series of Tmx injections (Ctnnb1fl/fl:MIP1-
CreERT[Tmx]). We then examined the 
effects of decreased expression of β catenin 
on glucose tolerance, islet cytoarchitecture 
and insulin secretion.

Results and Discussion

MIP1-CreERT expression is specific 
for pancreatic β-cells

An 8.3-kb fragment of mouse Insulin 
1 (Ins1) gene promoter (MIP; nucleotides 
-8280 to +12 relative to the transcriptional 
start site),7 was placed upstream of recom-
binant cDNA for Cre recombinase fused 
to hormone-binding domain of a mutant 
mouse estrogen receptor, (ERT),10,17 and a 
2.1-kb fragment of the human growth hor-
mone gene (hGH), which did not contain 
any coding DNA but was useful for provid-
ing the polyadenylation signal. Founders 
were identified by PCR of genomic DNA 
(Fig. 1A) and CreERT expression was 
determined by western blot of islet protein 
extracts (not shown).

Tissue specificity of transgene expres-
sion was tested by crossing MIP1-CreERT 
mice with Rosa-LacZ strain and studying 
the double transgenic ROSA-LacZ:MIP1-
CreERT mice, where activation of CreER 
with tamoxifen [Tmx] is expected to initi-
ate expression of β-galactosidase. In these 
ROSA-LacZ:MIP1-CreERT[Tmx] mice, 
β-galactosidase staining was found only in 
pancreatic islets of Langerhans (Fig. 1B and 
C), while other tissues studied were nega-
tive or not different from non-transgenic 
controls (brain, liver, fat, skeletal muscle, 
spleen, lungs, small intestine, large intestine, 
kidney, heart, eyes, testes, and ovaries; not 
shown). In our earlier paper11 we provided 
an extensive probe of the MIP1-CreERT 
function in the brain of ROSA-LacZ:MIP1-
CreERT[Tmx] mice and found that it was 
not active in the brain, in that it was not able 
to induce LacZ activation. Therefore, our 
current findings confirm and extend earlier 
published data.

Figure  1. Generation and testing of the MIP1-CreerT transgenic mouse. (A) Transgenic con-
struct containing MIP promoter, Creer gene and hGH and agarose gel with genotyping products 
from negative (1,2,5,7) and positive (3,4,6) founder lines, as well as control DNa (8); expression 
of β-galactosidase in the pancreas of rOSa-LacZ:MIP1-CreerT[Tmx]: (B) Frozen sections of the 
pancreas from rOSa-LacZ:MIP1-CreerT mice injected or not with tamoxifen, were stained for 
β-galactosidase activity (blue staining); (C) frozen sections of pancreas from rOSa-LacZ:MIP1-
CreerT [Tmx] mice (injected with tamoxifen) were stained for β-galactosidase (GreeN), insulin 
(BLUe) and glucagon (reD) antibodies. Note almost complete overlap of β-galactosidase staining 
and insulin staining, and the absence of such overlap of β-galactosidase with glucagon staining. 
Corresponding image of a control islet rOSa-LacZ:MIP1-CreerT[oil] staining for β-galactosidase, 
insulin and glucagon shows lack of β-galactosidase staining in the islet; (D) MIP1-CreerT trans-
gene expression is specific for pancreatic islets: rT-PCr amplification of Cre in cDNa obtained 
from various tissues of MIP1-CreerT mice. Densitometry of PCr fragment in an etBr stained gel (n 
= 3). Control – actin (not shown).
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Immunofluorescence was used to simultaneously detect 
β-galactosidase, insulin and glucagon in islets of ROSA-
LacZ:MIP1-CreERT[Tmx] mice. Co-localization of anti-
insulin and anti-β-galactosidase staining occurred in pancreas 
sections, while there was no co-localization between anti-β-
galactosidase and anti-glucagon antibodies. This confirmed that 
β-galactosidase staining occurred in islet β-cells but not in α-cells 
(Fig. 1C). At Tmx delivery of 100 mg/kg for 5 consecutive days, 
with post-injection waiting period of 1 wk, β-galactosidase stain-
ing was observed in 78% of islet insulin-positive cells while with 
200 mg/kg it was observed in 92% of cells. In double-transgenic 
ROSA-LacZ:MIP1-CreERT[oil] (Fig. 1C) or in non-injected 
(not shown) mice, only 1–3% (avg. 1.69% in males) of β-cells 

were positive for β-galactosidase activity at 6 mo of 
age. This indicates that in Tmx-stimulated MIP1-
CreERT hemizygotes, the Cre/lox recombination is 
active in the great majority of β-cells, but the leaki-
ness of the transgene in the absence of Tmx is low.

To detect CreERT transcripts in organs, semi-
quantitative RT-PCR was performed on RNA isolated 
from islets, whole pancreas, brain, liver, fat, skeletal 
muscle, spleen, lungs, small intestine, large intestine, 
kidney, heart, eyes, testes, and ovaries with Cre and 
actin primers (Fig. 1D). The extra-pancreatic tissues 
produced negligible amounts of Cre transcript, which 
correlates with the lack of positive β-galactosidase 
staining. Thus, the previously published report show-
ing the absence of Cre activity in the s of ROSA-
LacZ:MIP1-CreERT mice11 was further confirmed.

To detect the function of MIP1-CreERT transgene 
in embryos, ROSA-LacZ:MIP1-CreERT females 
were crossed with ROSA-LacZ males. Pregnant 
females were injected once with 2 mg of Tmx. At 
P21, Rosa-LacZ:MIP1-CreERT pups demonstrated 
β-galactosidase expression in pancreatic islets, while 
ROSA-LacZ littermates did not have such expres-
sion (not shown). This confirmed that the activity 
of CreERT at embryonic stages resided in pancreatic 
β-cells.

MIP1-CreERT mice have functionally normal 
β-cells

Purified pancreatic islets from ROSA-LacZ:MIP1-
CreERT mice were evaluated for intracellular free 
Ca2+ dynamics by performing real-time Fura-2 imag-
ing during stimulation with 14 mM glucose (Fig. 2A 
and B) and muscarinic receptor stimulation with car-
bachol (not shown). Islets from both types of mice 
displayed the slow type of Ca2+ oscillations. The val-
ues for the maximal peak of glucose-stimulated Ca2+ 
increase and the period of Ca2+ oscillation in islets 
were not statistically different (3.1 ± 0.7-fold and 
5.9 ± 1.6 min for ROSA-LacZ:MIP1-CreERT[Tmx] 
islets and 3.5 ± 0.7-fold and 6.7 ± 1.8 min for ROSA-
LacZ:MIP1-CreERT[oil]; n = 20 islets in 2 separate 
experiments). After Ca2+ imaging experiments islets 
were stained for β-galactosidase expression showing 

that the Cre-directed recombination in the floxed LacZ gene had 
taken place (Fig. 2C). The results show that glucose-stimulated 
and carbachol-stimulated increases in intracellular Ca2+ in Tmx 
treated ROSA-LacZ:MIP1-CreERT[Tmx] islets were not differ-
ent from non-Tmx- treated ROSA-LacZ:MIP1-CreERT controls.

Pancreatic islet structure in transgenic animals was studied by 
double immunofluorescence with anti-insulin and anti-glucagon 
antibodies (Fig. 3A–D). At 16 wk of age the pancreatic sections 
for MIP1-CreERT males (m) and females (f) were analyzed. 
The results for islet shape aspect ratio, 0.82 ± 0.2 (m) and 0.79 
± 0.2 (f), percentage of β-cells in an islet, 83 ± 4% (m) and 85 ± 
2.2% (f), and the percentage of α-cells 14 ± 2.6% (m) and 16 ± 
3.5% (f) were compared with those from controls. These features 

Figure 2. Calcium responses in rOSaLacZ:MIP1-CreerT islets. representative traces 
show changes in Fura 2 fluorescence, which reflects changes in intracellular calcium 
in isolated mouse islets: (A) rOSa-LacZ:MIP1-CreerT[oil] males; (B) rOSa-LacZ:MIP1-
CreerT[Tmx] males. Period of Ca2+ oscillation in islets was 6.7 ± 1.8 min for [Tmx]-
injected and 5.9 ± 1.6 min for [oil]-injected; n = 20 islets in each group; differences 
in Ca2+ oscillations were not statistically significant P = 0.67). (C) - islets from (A and 
B) stained for β-galactosidase activity (blue color) to show minimal leakiness of Cre 
activity in control (arrOW) compared with Tmx-treated mice.
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were not statistically different between 
MIP1-CreERT and the corresponding 
controls of either gender (correspond-
ing P = 0.6, P = 0.58 and P = 0.45; 
n = 3 mice for each group, 3 sections 
scored per mouse). Intraperitoneal glu-
cose tolerance test results (IPGTT) in 
MIP1-CreERT males and females at 12 
wk of age were not significantly differ-
ent from control wild-type littermates 
(Fig. 3E and F).

We then determined whether Tmx 
injection influences glucose metabo-
lism in these transgenic mice. ROSA-
LacZ:MIP1-CreERT males and 
females at 16 wk of age were injected for 
5 consecutive days with 2 mg Tmx per 
day, while control mice were injected 
with corn oil (Fig. 4). The results of 
the IPGTT did not show statistically 
significant difference between these 2 
groups of mice.

MIP1-CreERT mice originally on 
a CD1 background were crossed for 
10 generations to C57Bl/J strain, gen-
erating sub-line MIP1-CreERT/C57Bl 
which retained the ability of the trans-
gene to facilitate Cre/lox recombination 
in ROSA-LacZ:MIP1-CreERT mice 
and normal IPGTT. MIP1-CreERT/
C57Bl transgenic mice, activated or 
not, with Tmx, retain the metabolic 
characteristics of non-transgenic ani-
mals. The expression of CreERT was 
specific to pancreatic β-cells and did 
not detectably alter their physiology. 
We conclude that the MIP1-CreERT 
transgenic mouse line is a useful tool 
for conditional β-cell recombination in 
mice.

Figure  3. Islet structure and physiological 
responses in transgenic MIP1-CreerT mice 
are preserved. Paraffin sections of pancreas 
were stained with anti-insulin (reD) and 
anti-glucagon (GreeN) antibodies using 
double immunofluorescence: (A) female 
non-transgenic; (B) female MIP1-CreerT+/−; 
(C) male non-transgenic; (D) male MIP1-
CreerT+/−. Nuclei are stained with DaPI 
(BLUe); size bar in indicates 100µm for all 
panelsc (A-D). IPGTT performed on MIP1-
CreerT+/− and non-transgenic littermate 
controls at 12 wk of age: (E) males and (F) 
females from each genotype were recorded 
separately. each group consisted of 5–7 
mice.
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β-catenin gene knockout with MIP1-CreERT mice
MIP1-CreERT mice were then crossed to strain B6.129-

Ctnnb1tm2Kem/KnwJ+/+ (Ctnnb1f l/f l:MIP1-CreERT), which 
contains loxP sites f lanking exons 1–6 of the Ctnnb1 gene. To 
generate a mouse line with pancreatic β-cell specific knockout 
of β-catenin gene, Ctnnb1KO, Ctnnb1f l/f l:MIP1-CreERT 
(and control littermates Ctnnb1f l/f l) at 8 wk of age were injected 
with 2 mg/day of Tmx for 5 d. Four weeks after the conclusion 
of injections, Ctnnb1f l/f l:MIP1-CreERT[Tmx] and Ctnnb1f l/
f l[Tmx] mice were assessed for islets structure, glucose toler-
ance, and in vitro insulin secretion from purified pancreatic 
islets.

Compared with controls, pancreatic sections of Ctnnb1fl/
fl:MIP1-CreERT[Tmx] mice consistently demonstrated 
decreased β-catenin staining within the insulin-positive cell area 
(Fig. 5) suggesting that efficient knockdown of β-catenin took 
place in β-cells. At the same time, general islet structure, islet 
size, and cellular composition were not perturbed. β-catenin 
positive staining was still present in other cell types of Ctnnb1fl/
fl:MIP1-CreERT[Tmx] mice such as glucagon-positive α-cells 
and pancreatic acinar tissue (Fig. 5).

Normal structure of the pancreas and similar sizes of islets 
in Ctnnb1fl/fl:MIP1-CreERT[Tmx] and control mice led us to 
assume that islets could be purified using conventional methods 
with collagenase digestion. However, in these isolations islets 
purified from Ctnnb1fl/fl:MIP1-CreERT[Tmx] mice were con-
sistently smaller than the ones from controls, which could indicate 
increased breakdown during collagenase treatments of the pan-
creatic tissue. Staining of the purified islets with anti-β-catenin 
and anti-insulin antibodies demonstrated extensive elimination 
of β-catenin from insulin-positive cells (Fig. 6). PCR performed 
on genomic DNA extracted from islets of Ctnnb1fl/fl:MIP1-
CreERT[Tmx] mice indicated that Cre-dependent recombina-
tion in β-catenin gene took place, while DNA extracted from 
tail of the same mice or from control islets did not show such 
recombination (not shown).

IPGTT demonstrated that there was no significant differ-
ence between Ctnnb1fl/fl:MIP1-CreERT[Tmx] and control 
Ctnnb1fl/fl[Tmx] animals (Fig. 7A). In vitro insulin secretion 
test was performed on islets purified from Ctnnb1fl/fl:MIP1-
CreERT[Tmx] mice and Ctnnb1fl/fl[Tmx] control animals. 
Purified islets were first incubated in KRBH with low glucose 
concentration followed by high (16.7 mM) glucose and insulin 
content in the medium was determined with ELISA. The basal 
insulin secretion at 2.8 mM glucose-containing KRBH normal-
ized for total insulin content was not different in the 2 group 
of islets (Ctnnb1fl/fl:MIP1-CreERT[Tmx] – 0.08% ± 0.015%; 
Ctnnb1fl/fl[Tmx] – 0.075% ± 0.025; P > 0.05; n = 5). The secre-
tion Stimulation Index (SI, a ratio of insulin secreted in High 
glucose to that secreted in Low glucose) was calculated (Fig. 7B). 
There was no statistically significant difference in SI between 
Ctnnb1fl/fl:MIP1-CreERT[Tmx] mice and Ctnnb1fl/fl[Tmx] 
control (P > 0.05; n = 5).

Protein extracts of isolated islets were analyzed by western blot 
with C-terminus-specific (aa 571–581) anti-β-catenin antibody 
staining (Fig. 7C). Quantitation of β-catenin bands normalized 
to actin control indicated that islets from Ctnnb1fl/fl:MIP1-
CreERT[Tmx] mice had only 18 ± 0.6% of full size (90Kd) 
β-catenin compared with control Ctnnb1fl/fl[Tmx] islets (P < 
0.05, n = 3). The resultant β-catenin in these blots could represent 
the protein originating in non-β-cells of the islets, thus confirm-
ing the immunofluorescence data. These results in combination 
with genomic PCR suggest the successful excision of the “floxed” 
part of the Ctnnb1 gene took place in pancreatic islet β-cells.

Western blot staining of protein extracts also revealed that an 
additional β-catenin-specific protein fraction (50Kd) appeared 
exclusively in islets of Ctnnb1fl/fl:MIP1-CreERT[Tmx] but not 
in control Ctnnb1fl/fl[Tmx] islets (Fig. 7C, lower panel). To 
confirm that the appearance of the 50Kd band was Tmx depen-
dent, islets from Ctnnb1fl/fl:MIP1-CreERT mice (not previ-
ously treated with Tmx) were purified and treated overnight with 
4-hydroxytamoxifen (4OH-Tmx; 25nM) or vehicle. After wash-
ing off 4OH-Tmx, islets were cultured for 48 h and extracts were 
studied by western blot. Results confirmed that the 50Kd band 
appeared exclusively in islets treated with 4OH-Tmx but not in 
the control group. This is consistent with the hypothesis that the 
Tmx-dependent expression of the shortened form of β-catenin 
represents a cryptic protein, which is synthesized after CreERT-
dependent recombination at the Ctnnb1 locus. It is thus conceiv-
able that despite the elimination of the majority of β-catenin, a 
minute quantity of a truncated protein might still be present. It 
is as yet unknown if the 50Kd band represents an active form of 
β-catenin.

The results demonstrate that almost complete elimination of 
β-catenin protein expression in pancreatic β-cells in Ctnnb1fl/
fl:MIP1-CreERT(Tmx) mice did not result in a significant alter-
ation of glucose metabolism or insulin secretion. This supports 
the data from the literature, which indicates that deleting the 
β-catenin gene early in pancreatic development did not lead to 
abnormalities of glucose metabolism.12,14 Our data demonstrate 
for the first time that selective decrease of β-catenin expression 
in insulin secreting cells of adult mice does not disrupt glucose 

Figure 4. Tamoxifen [Tmx] injections do not alter glucose tolerance in 
double-transgenic rOSa-LacZ:MIP1-CreerT mice. IPGTT in 16 wk old 
rOSa26/LacZ:MIP1-CreerT males and females, before injection with 
tamoxifen and one week after a round of 5 injections (100mg/kg/day). 
each group consisted of 5–7 mice.
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Figure 5. Deleting of Ctnnb1 gene in pancreatic β-cells (βCtnnb1KO) leads to elimination of β-catenin from insulin positive cells in islets of Langerhans. 
Pancreatic sections stained for - β-catenin (GreeN; A, D), insulin (reD; B, E) and glucagon (BLUe, C, F). Mouse samples: (A, B, C) control (Ctnnb1fl/
fl[Tmx]); (D, E, F) double-transgenic Ctnnb1KO, (Ctnnb1fl/fl:MIP1-CreerT[Tmx]). Note the decreased β-catenin staining in the islet area of Ctnnb1KO 
pancreas despite the preserved β–catenin staining of surrounding acinar tissue. The graph under the images represents intensity of staining along the 
white line shown in the β-catenin-stained panels. Note the decreased level of β-catenin intensity under the area of insulin staining indicated by red bars.

Figure 6. effects of β-cell specific deletion Ctnnb1KO in mice include decreased expression of β-catenin in islets. Primary pancreatic islets purified from 
Ctnnb1KO, Ctnnb1fl/fl:MIP1-CreerT[Tmx] double-transgenic mice, and control Ctnnb1fl/fl[Tmx] mice, were stained for insulin (GreeN) and β-catenin 
(reD).
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tolerance in vivo and insulin secretion in vitro. At the same time, 
the finding of a cryptic form of β-catenin in islets of Ctnnb1fl/
fl:MIP1-CreERT[Tmx] mice but not in islets from Ctnnb1fl/
fl[Tmx] mice or Ctnnb1fl/fl:MIP1-CreERT mice not treated 
with Tmx, raises the possibility that functionally the knockout 
in Ctnnb1fl/fl:MIP1-CreERT[Tmx] mice may be incomplete. 
This is possible despite significant CreERT-dependent recom-
bination at the Ctnnb1fl/fl locus, which eliminated of the bulk 
of β-catenin immunoreactivity on sections and western blot. 
Similar concerns were also expressed by Ahrens et al.18 where 
these authors demonstrated that the recombined β-catenin locus, 
such as one in B6.129-Ctnnb1tm2Kem/KnwJ,16 can produce a stable 
transcript that encodes a truncated 50Kd protein (likely produced 

using the methionine at aa328, in exon7, as an initiation codon) 
capable of interfering with diabetes-related transcription factor 
Tcf4 (Tcf7L2).19 Because of these concerns we could not reach a 
definitive conclusion on the role of β-catenin in mouse pancre-
atic β-cells.

At the same time we are able to confidently conclude that the 
expression of CreERT under the control of the mouse Ins1 pro-
moter is highly specific for pancreatic β-cells and can be effi-
ciently regulated by Tmx injection. Therefore, MIP1-CreERT 
mouse line is a valuable tool for conditional Cre/loxP recombina-
tion in pancreatic β-cells that could be temporally controlled. 
This mouse tool makes it possible to probe gene expression in 
pancreatic β-cells at any stage without developmental effects.

Figure 7. effects of β-cell-specific Ctnnb1 deletion. (A) IPGTT performed 4 wk after TMX injection in male and female double-transgenic Ctnnb1KO, 
(Ctnnb1fl/fl:MIP1-CreerT[Tmx]) as well as control, Ctnnb1fl/fl[Tmx], show no statistically significant change (n = 5 in each group). (B) Insulin secretion 
stimulation index (amount of insulin secreted in KrB 16.7mM glucose divided by that secreted in KrB 2.8mM glucose) is unchanged in double-transgenic 
Ctnnb1KO compared with control littermates. No statistically significant differences between Ctnnb1KO and control mice were detected (n = 5 in 
each group). (C) western blots of islet extracts from Ctnnb1KO mice and controls stained with β-catenin and actin antibodies show depletion of 90 Kd 
β-catenin band in the brief exposure of the western blot (TOP PaNeL), while longer exposure of the same blot (LOWer PaNeL) shows the appearance of 
additional 50Kd band, as mentioned in the text (representative of 3 independent experiments).



e27685-8 Islets Volume 6 

Materials and Methods

Generation of Tg(Ins1-cre/ERT)1Lpi [alt. MIP1-CreERT] 
transgenic mice

The Tg(Ins1-cre/ERT) transgene (Fig. 1A) was assembled using 
an 8.3-kb fragment of mouse insulin I promoter (Ins1, MIP1; 
nucleotides -8,280 to +12 relative to the transcriptional start site),7 
a cDNA for Cre recombinase fused to hormone-binding domain 
of a mutant mouse estrogen receptor, ERT (provided by Dr A. 
McMahon),10,17 and a 2.1-kb fragment of the human growth hor-
mone gene (hGH), which did not contain any coding DNA but was 
useful for transcription stop signal. The resulting 12.5-kb Tg(Ins1-
cre/ERT) transgene was isolated from the vector by digestion with 
AscI and Sfi I, purified by agarose gel electrophoresis, and microin-
jected into the pronuclei of fertilized oocytes from CD1 mice by the 
Transgenic Mouse/ES Core Laboratory of the University of Chicago 
Diabetes Research and Training Center. Tail DNA was used to 
determine the presence of the transgene by PCR using forward and 
reverse primers 5′- CCTGGCGATCCCTGAACATGTCCT-3′ 
and 5′-TGGACTATAAAGCTGGTGGGCAT-3′, respectively 
(Fig. 1B). The resulting transgenic mouse line was termed Tg(Ins1-
cre/ERT)1Lphi, and is also known as MIP1-CreERT. The MIP1-
CreERT line was further maintained with heterozygote breeding. 
No specific phenotypes associated with homozygous state were 
noted. Transgenic mice were housed under pathogen-free con-
ditions with free access to food and water. Procedures involving 
mice were approved by the University of Chicago Institutional 
Animal Care and Use Committee. The transgenic mouse line 
B6.129S4(Cg)-Tg(Ins1-cre/ERT)1Lphi/J Strain Common Name: 
MIP1-CreERT  (JAXStock#024709 is available to the research 
community at Jackson Laboratories (http://www.jax.org).

Characterization of transgene expression
To assess the tissue distribution of MIP1-CreERT expression, 

MIP1-CreERT founder mice were crossed with ROSA26-LacZ 
reporter mice20 obtained from Jackson Laboratory. Expression 
of the transgene in ROSA-LacZ+/−:MIP1-CreERT+/− (ROSA-
LacZ:MIP1-CreERT) mice was assessed following intraperito-
neal injections of tamoxifen (Tmx; Sigma-Aldrich Co.) in corn oil 
(100 mg/kg or 200 mg/kg, once per day for 5 consecutive days). In 
the text, mice injected with tamoxifen are indicated with adding 
[Tmx] to their name. Negative controls were ROSA-LacZ[Tmx] 
mice or ROSA-LacZ:MIP1-CreERT[oil], which received just 
injections of corn oil. Mice were sacrificed 1 wk after the last 
injection unless stated otherwise. Following euthanasia, mouse 
organs were dissected, fixed with 2% paraformaldehyde/0.2% 
glutaraldehyde for 10 min and stained for lacZ activity.20 For 
identification of lacZ activity in specific cells, dissected tissues 
stained with X-Gal were post-fixed with 4% paraformaldehyde 
for 1 h, washed with 30% sucrose in phosphate-buffered saline, 
embedded in OCT TissueTek compound (Sakura), frozen, 
and sectioned using a cryostat. First strand cDNA synthesis for 
RT-PCR was performed from 1 µg total RNA from a variety of 
organs using Superscript III (Invitrogen). Thirty cycles of PCR 
from 1/10 of the cDNA was performed with primers for Cre 
recombinase (for – 5′-ACGCTGGTTAGCACCGCAGG-3′; 
rev – 5′-AGATGGCGCGGCAACACCATT-3′) and actin 

(for- 5′-CACGGTTGGCCTTAGGGTTCAG-3′, rev 
5′-GCTGTATTCCCCTCCATCGTG-3′). The products 
were quantified after gel electrophoresis using ChemiDoc 
software (BioRad). Immunohistochemistry was performed 
on frozen or paraffin embedded tissue sections with anti-Cre, 
anti-β-galactosidase, anti-glucagon and anti-insulin antibodies 
(Millipore). Fluorescent donkey anti-Guinea pig and anti-Rab-
bit secondary antibodies were from (Jackson Immunoresearch). 
Microscopy was performed using Leica SP5 laser scanning con-
focal system with 63× objective. For islet structure analysis, 3 
sections per mouse in 3 mice were analyzed. Aspect ratio was 
calculated for islets containing 50 or more cells. Image analysis 
was performed with Image J software (NIH).

Glucose tolerance tests
Glucose tolerance test on mice injected with tamoxifen was 

performed after 3 wk post-injection. Mice were fasted for 4 h 
with full access to water and intraperitoneal glucose tolerance 
tests were conducted as described.21 Mice were injected intraperi-
toneally with 2 mg of glucose per g body weight and blood glu-
cose concentration was measured 0, 15, 30, 60, and 90 min with 
a FreeStyle glucometer (Abbott Diabetes Care Inc.). Statistical 
analysis was performed using Student t test.

Measurement of cytoplasmic Ca2+ concentration
Islets of Langerhans were purified and maintained in cul-

ture as described.22 For imaging dynamic changes in cyto-
plasmic Ca2+ concentration ([Ca2+]

c
), islets were loaded with 

Fura-2-acetoxymethyl ester (Invitrogen) and ratiometric dual-
wavelength excitation microspectrophotometry conducted 
using a Nikon TE-2000U microscope equipped for epifluo-
rescence with 10x objective (Nikon).23 Islets were continuously 
superfused with a standard Krebs-Ringer buffer (KRB) and 
stimulated by increasing the concentration of D-glucose in the 
superfusate from 2 to 14 mM or with 100 µM carbachol con-
taining solution. [Ca2+]

c
 is expressed as the change in the ratio of 

Fura-2 fluorescence emission following excitation at 340 nm and  
380 nm (R

340/380
).

Deletion of β-catenin gene in double-transgenic mice
MIP1-CreERT +/− were crossed with homozygous strain 

B6.129-Ctnnb1tm2Kem/KnwJ+/+16 (Jackson Labs), which contains 
insertions of loxP within β-catenin gene (“floxed”). Genotyping 
primers β-cat For - AAG GTA GAG TGA TGA AAG TTG TT 
and β-cat Rev - CAC CAT GTC CTC TGT CTA TTC were 
used for PCR of genomic DNA. Anti-β catenin (Immunogen: 
Mouse β-Catenin aa. 571–781 at the C-terminus of β catenin; 
Cat. 610154; BD Biosciences), anti-actin (Roche) and donkey 
anti-mouse HRP-labeled (Jackson Immunoresearch) antibodies 
were used for protein detection by western blot. ChemiDoc soft-
ware (BioRad) was used for quantitation of chemiluminescent 
signals on western blots. Insulin secretion was measured after 
static incubation in KRB with either 2.8 mM glucose or 16.7 
mM glucose; insulin content was measured with Ultrasensitive 
Mouse Insulin ELISA (ALPCO).

Statistics
Statistical analysis was performed using Student t test and 

data presented as mean ± SEM.
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