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in the insulin-producing cells of the endocrine pancreas.
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Background: The inducible Cre-lox system is a valuable tool to study gene function in a spatial and time restricted fashion
in mouse models. This strategy relies on the limited background activity of the modified Cre recombinase (CreER) in the
absence of its inducer, the competitive estrogen receptor ligand, tamoxifen. The RIP-CreER mouse (Tg (Ins2-cre/Esr1) 1Dam)
is among the few available B-cell specific CreER mouse lines and thus it has been often used to manipulate gene expression

Principal Findings: Here, we report the detection of tamoxifen-independent Cre activity as early as 2 months of age in RIP-

Significance: Evidence of Cre-mediated recombination of floxed alleles even in the absence of tamoxifen administration
should warrant cautious use of this mouse for the study of pancreatic B-cells.
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Introduction

The inducible Cre-lox system has become an important tool for
the conditional deletion or expression of genes of interest within a
given cell type [1]. For this reason it has been widely used for
lineage tracing of cells during embryonic development and in adult
mice [2]. These studies typically require two mouse lines: a mouse
in which the inducible Cre recombinase is driven by a tissue/cell-
specific promoter and the target or reporter mouse, in which the
desired gene contains two loxP sites for Cre-mediated recombi-
nation [1]. Specifically, the bacteriophage P1 Cre recombinase
catalyzes site-specific recombination between two loxP sites and
efficiently excises DNA flanked by two loxP sites in the same
orientation [3]. Cre recombinase was made inducible by fusing it
with the ligand-binding domain (LBD) of the estrogen receptor
(ER) [4]. In the absence of its ligand, CreER is inactive as it is
confined to the cytoplasm, via binding to heat shock protein-90.
Upon estrogen binding, CreER moves into the nucleus where it

engages its DNA targets. To avoid the unwanted effects of

endogenous estrogen binding, the estrogen LBD has been further
mutated, leading to the generation of several CreER recombinases
that are sensitive to the synthetic ligand 4-hydroxytamoxifen (4-
OHT) but not to estradiol [5]. For example, the CreER"
recombinase contains the human ER-LBD with a G521R
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mutation [5], while CreER™ contains the mouse ER-LBD with
a G525R mutation [6]. Different versions of CreER are being
developed to decrease their nuclear translocation in the absence of
the inducer, while increasing their sensitivity to tamoxifen and
their recombination efficiency. More recent and useful CreER
variants include MerCreMer, a double fusion of Cre with two
ER™ domains [7], and CreER™? (G400V/M543A/L544A triple
mutation of human ER-LBD) [8]. The complete absence of
nuclear CreER without tamoxifen induction is crucial for
conditional systems, because even the effects of a minor leakiness
will accumulate over time due to the irreversibility of every
recombination event. Cell adaptation to the altered gene
expression pattern induced by the CreER recombinase, even in
the absence of tamoxifen, can complicate further the analysis of
gene function or cell lineage tracing studies. Therefore, the
availability of mouse strains with tightly controlled CreER activity
is highly desirable.

The RIP-CreER mouse (Tg (Ins2-cre/Esrl) 1Dam) was originally
reported in 2004 and employed to investigate the origin of newly
generated insulin-producing cells (B-cells) in adult mice and
following partial pancreatectomy [9]. In this line, the use of the
rat insulin promoter 2 to drive the expression of CreER restricts
the expression of the recombinase to pancreatic B-cells. To further
study the biology of pancreatic B-cells we crossed this RIP-CreER
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mouse with 3 Cre-target lines, including a Rosa26 knock-in mouse
(R26-Stop-HA3-1CA512-CCF) for the conditional overexpression of
the cleaved cytosolic fragment of ICA512 (ICA512-CCF) [10], a
Rosa26-lacZ reporter mouse [11] and a PTBPI”*/** line for the
conditional knockout of PIBP1 [12]. Our data indicate that in all
three cases recombination of the Cre-target genes was triggered
very early on, in the absence of tamoxifen treatment.

Results

Tamoxifen-independent recombination in the Rosa26
locus of RIP-CreER mice

To study the function of ICA512-CCF i vivo, we generated the
R26-Stop-HA3-1CA512-CCF knock-in mouse, in which three-HA-
tagged [CA512-CCF preceded by a floxed Stop cassette was
introduced into the Rosa26 locus. The R26-Stop-HA35-1CA512-CCF
mouse was then crossed with the RIP-CrelER mouse [9] (Fig. 1A).
In principle, in the progeny containing both transgenes, the B-cell
restricted expression of HA3-ICA512-CCF should have been
detectable only upon tamoxifen-induced removal of the floxed
Stop cassette (Fig. 1A). Western blotting with an anti-HA
antibody, however, revealed the expression of HA3-ICA512-
CCF in islets isolated from 3-month-old RIP-CreER, R26-Stop-
HA3-ICA512-CCF  mice regardless of tamoxifen treatment
(Fig. 1B). In the control, HA3-ICA512-CCF was not detected
in the extract of islets from R26-Stop-HAS-ICA512-CCF single
transgenic littermates (Fig. 1B). Cryosections of pancreatic tissue
from 3-and 4-month-old mice were examined by immunofluores-
cence microscopy using anti-HA and anti-insulin antibodies.
Immunoreactivity for HA was readily detectable in insulin-positive
cells, i.e. in B-cells, of tamoxifen-treated RIP-CreER, R26-Stop-
HA3-1CA512-CCF mice (Fig. 1C-F). The specificity of this
labeling was confirmed by the absence of immunoreactivity for
HA in pancreatic sections of tamoxifen-treated R26-Stop-HA3-
1CA512-CCF mice (Fig. 1G-]). However, a positive reactivity for
HA was also present in pancreatic sections of RIP-CrelR, R26-
Stop-HA3-ICA512-CCF mice that had not been treated with
tamoxifen (Fig. 1K-N). Quantification of 15 islets from 3 mice
in each genotype group revealed that at 4-month age,
70%*12.8% (mean = SD) of the insulin positive cells were also
positive for HA3-ICA512-CCF in non-treated RIP-CreER, R26-
Stop-HA3-1CA512-CCF mice compared to 87.9%=*7.4% in
tamoxifen-treated RIP-CreER, R26-Stop-HA3-1CA512-CCF mice
(Fig. 10). Taken together, these data indicate that in these mice
nuclear translocation of CreER occurred even in the absence of
tamoxifen.

To evaluate whether the tamoxifen-independent expression of
HAS3-ICA512-CCF was a specific limit of the RIP-CreER, R26-
Stop-HAS5-1CA512-CCF mouse, we then bred RIP-CreER mice to
Rosa26-lacg mice, in which the B-galactosidase gene (lacg) preceded
by a floxed Stop cassette is inserted in the Rosa26 locus [11]. In
10-week-old, tamoxifen-untreated RIP-CreER, Rosa26-lac{ mice
42.9%*13.1% of the islet area was lacZ positive (Fig. 2C, 2D)
compared to 80.2%*12.9% upon tamoxifen-treatment (Fig. 2A,
2D). Conversely, no lacZ-positive islets were found in tamoxifen-
treated Rosa26-lacg littermates (Fig. 2B, 2D). These findings
corroborate the conclusion that the R/P-CreER mouse displays a
tamoxifen-independent recombinase activity, at least toward
transgenes introduced in the Rosa26 locus.

Tamoxifen-independent recombination outside of the
Rosa26 locus in the RIP-CreER mouse

To evaluate whether the constitutive Cre activity detected in
RIP-CreEER mice is limited to the Rosa26 locus, we analyzed RIP-
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CreER, PTBPI"™™" mice. PTBPI (polypyrimidine tract-binding
protein 1) [12] is an RNA-binding protein that, in insulinoma
INS-1 cells, enhances the stability and translation of mRNAs
encoding insulin granule proteins [13]. The insertion of two loxP
sites flanking exons 3 to 7 of PTBPI allows the deletion of this gene
(Suckale et al., in preparation). Pancreatic sections of 8-week-old
RIP-CreER, PTBPI"""*" mice treated or untreated with tamox-
ifen were examined by immunocytochemistry for the expression of
insulin and PTBPI. In tamoxifen-treated RIP-CreER, PTBP1"”"’
P mice 601%+12.6% of the insulin positive cells were negative
for PITBP1 compared to 61.9%*8.4% in the case of tamoxifen
untreated mice (Fig. 3A-D, 3I-M). In contrast, virtually all B-cells
of tamoxifen treated PTBPI”*/" mice were PTBPI positive
(Fig. 3E-H, 3M). Thus, Cre-induced knockout of PTBPI

occurred in most B-cells regardless of tamoxifen-treatment.

Subtle Tamoxifen-independent recombination in the
Rosa26 locus of Pdx1-CreER mice

Next, we evaluated the tamoxifen-independent recombination
of Pdx1-CreER mouse [14]. Upon crossing this mouse with the
Rosa26-lac mouse employed previously, we detected tamoxifen-
independent X-gal staining only in few B-cells of 2-, 4- and 6-
month-old mice (Fig. 4A-D and Data not shown). Morpho-
metric analysis, in particular, showed that in 4-month-old
tamoxifen-untreated ~ PdxI-CreEER,  Rosa26-lac{ mice only
4.6%*3.4% of the islet area was lacZ positive compared to
83%*x8.3% upon tamoxifen treatement (Fig. 4D).

Discussion

In the original study the RIP-CreER was bred with a Z/AP
reporter strain [9]. The authors wrote that: “by 10 months of age,
double transgenic mice that did not receive tamoxifen had
occasionally one to five HPAP' cells per islet, reflecting the
cumulative lifetime leakage of the system.” [9]. In our case the
leakiness of the system was clearly stronger. Its tamoxifen-
independent recombinase activity was detected in 3 different
reporter/target mice, 2 loci and was already pronounced at 2
months of age. There are at least two possible explanations for
these discrepancies. One possibility is that after many generations
of backcrossing to the C57BL/6 background, the expression of the
randomly integrated RIP-CreER transgene is enhanced, thus
increasing the probability of its nuclear entry, even in tamoxifen-
untreated cells. Another more likely possibility is that the Z/AP
cassette in the Z/AP reporter mouse strain is less prone to
recombination, i.e. it is inserted in an area of the chromatin less
amenable to recombination. Easy access of the CreER to the
target locus may result in both high recombination efficiency and
leakiness of the system as seen in the 3 lines described here. On the
other hand, recombination of a less accessible, heterochromatic
locus could be less efficient, but also less leaky, as in the case of the
Z/AP mouse.

One way to mitigate such problems is the use of the PdxI-CreER
mouse, which was also generated in the Melton lab [14]. Upon its
crossing with the Rosa26-lac< mouse, we found that in this mouse
tamoxifen-independent recombination is a relative rare event. As
both PdxI1-CreER and RIP-CreER mice were generated using the
CreER™ variant, the tighter phenotype of the former is
conceivably due to the lower activity of the Pdx-/ promoter
relative to the RIP promoter, resulting in lower expression of
CreER™, Buelow and Scharenberg have recently shown in cell
lines that the ligand-independent activity of inducible Cre
correlates with its level of expression [15]. Hence, CreER
transgenic mice should be carefully evaluated regarding the

October 2010 | Volume 5 | Issue 10 | e13533



A

{Rosa26 promoter ” Stop _ICASIZ-CCFl Rosa26 3’ARM|—

Tamoxifen

ICA512-CCF| Rosa26 3’ ARM|—

Tamoxifen-treated RIP-CreER, R26-Stop-HA3-ICA512-CCF

n

RIP-CreER Leaky Recombination

CF cF
4crs! .lCASﬂ—C _‘CASWC
ER \‘)‘“‘Aa R o\"ﬂA3 0P~ w2
B R“"Crlﬂ(‘ ol B“"C{‘ 6 ot gt
Tamoxifen No Treatment Tamoxifen
HA3-ICAS512-CCF| " —
(41kD)

y-tubulin | s
(48kD)

Tamoxifen-treated R26-Stop-HA3-ICA512-CCF

o CF C CF
o 511,6 CAW'C " 512,6
IR L WL
) 0
B“"C'\’J" 0! B“,_c{‘ 65 “7,65“’
- Tamoxifen No Treatment Tamoxifen
= 100%—¢§ .
o l8
SOV g T879%
280% L. L ]
= 9 H
S — {-70%
§ °
Z 60%
E60/ . M
I22)
Z 50% °
23
Q 40%
e
A 30%
<
O 20%
In
2 10%
B . e =1.3% |
|
P=0.0138

Figure 1. Tamoxifen-independent expression of HA3-ICA512-CCF in p-cells of RIP-CreER, R26-Stop-HA3-ICA512-CCF mice. A. Strategy for
the generation of the inducible R26-Stop-HA3-ICA512-CCF knock-in mouse line. B. Western blotting of pancreatic islet extracts from 3-month-old
tamoxifen-treated or untreated RIP-CreER, R26-Stop-HA3-ICA512-CCF mice or tamoxifen-treated R26-Stop-HA3-ICA512-CCF mice with anti-HA and anti-
v-tubulin antibodies (similar results were obtained from 3 independent experiments). C-N. Confocal microscopy images of pancreatic cryosections
from 4-month-old tamoxifen-treated RIP-CreER, R26-Stop-HA3-ICA512-CCF (C-F) and R26-Stop-HA3-ICA512-CCF (G-J) and untreated RIP-CreER, R26-Stop-
HA3-ICA512-CCF (K-N) mice stained with DAPI (C, G and K), as well as with anti-insulin (D, H and L) and anti-HA antibodies (E, | and M). Triple stainings
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(merge) are shown in F, J and N. Scale bars in F, J and N equal 10 um. O. Quantification and statistical analysis of HA3-ICA512-CCF-positive cells
relative to total insulin-positive cells in tamoxifen-treated or untreated RIP-CreER, R26-Stop-HA3-ICA512-CCF mice, and tamoxifen-treated R26-Stop-
HA3-ICA512-CCF mice. Dots represent individual islets from 3 mice in each genotype group. The p value of a t-test between groups is shown.

doi:10.1371/journal.pone.0013533.g001

activity of the promoter and the protein levels of CreER. The
study of B-cells could also benefit from the development of
additional driver mice in which a single copy of Cre fused to one
or even two ER™? domains is inserted downstream of a P-cell
specific promoter, such as insulin, using BAC-based recombina-
tion technologies.

In conclusion, we observed tamoxifen-independent recombina-
tion in the RIP-CreER mouse already in early adult age.
Investigators working in the field of islet biology should be aware
of this potential hurdle when planning the employment of this
mouse for their studies.

Materials and Methods

Ethics statement

All animal experiments were conducted in a licensed animal
facility in accordance with the German Animal Welfare Act, following
the guidelines of the European Convention for the Protection of Vertebrate

Tamoxifen-treated RIP-CreER, Rosa26-lacZ -

% lacZ+ islet area / the total islet area
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Animals Used for Experimental and Other Scientific Purposes and approved
by the regional council.

Generation of the R26-Stop-HA3-ICA512-CCF mouse
Primers Nhel-SA-F-46 (5'- attatagctagegtgacctgeacgtctagggceg-
cagtagtccaggg -3') and Nhel-SA-MCS-R-117 (5'-Tataatgctag-
cacgcgtatataattcccgggticgaatctagaatataattccgeggac  tggaaagaccgc-
gaagagtttgtcetcaaccgegagetgtggaaaaaaaagggacag -3') were used
to amplify SA-MCS (Splice Acceptor and Multiple Cloning Site)
fragment using the plasmid pMB80 (R26-CreER, from Addgene)
as template. SA-MCS (digested with Nhel) was cloned into the
PROSA26-1 vector (plasmid pMB80 digested with Xbal) to obtain
the pPROSA26-SA-MCS construct. Xhol and Clal were used to
remove PGK-DTA from pROSA26-SA-MCS and obtain
pROSA26-SA-MCS-dPGK-DTA. Primers Sacll-r-loxP-F (attat-
accgcggataacttcgtatagcatacattatacgaagttattaggtcectcgacctgeaggaatte)
and Nhel-r-loxP-R (ttattagctagctataacttcgtataatgtatgctatacgaagtta-
tattaagggttccggatcagettgatgg) were used to amplify the loxP-Stop-
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Figure 2. B-galactosidase gene (/lacZ) expression in RIP-CreER, Rosa26-lacZ mice. A-C. LacZ staining of the pancreatic tissue from 10-week-old
tamoxifen-treated RIP-CreER, Rosa26-lacZ mice (A), and Rosa26-lacZ (B) and untreated RIP-CreER, Rosa26-lacZ (C) mice. D. Quantification and statistical
analysis of the lacZ-positive area relative to the total islet area in tamoxifen-treated or untreated RIP-CreER, Rosa26-lacZ mice, and tamoxifen-treated
Rosa26-lacZ mice. Dots represent individual islets from 3 mice in each genotype group. The p value of a t-test between groups is shown.

doi:10.1371/journal.pone.0013533.g002
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Figure 3. Tamoxifen-independent knockout of PTBPT in adult p-cells of RIP-CreER, PTBP1'*""*** mice. A-L. Confocal microscopy images of
pancreatic cryosections from 8-week-old tamoxifen-treated RIP-CreER, PTBP1'*'* (A-D) and PTBP1'*'**” (E-H) and untreated RIP-CreER, PTBP1'oX/1oxP
(I-L) mice stained with DAPI (A, E and 1), as well as with anti-PTBP1 (B, F and J) and anti-insulin antibodies (C, G and K). Triple stainings (merge) are shown
in D, H and L. Scale bars in D, H and L equal 20 um. M. Quantification and statistical analysis of PTBP1-positive cells relative to total insulin-positive cells in
tamoxifen-treated and untreated RIP-CreER, PTBP1'*°® mice, and tamoxifen-treated PTBP1°*"® mice. Dots represent individual islets from 4 mice in

each genotype group. The p value of a t-test between groups is shown.

doi:10.1371/journal.pone.0013533.g003

loxP fragment from pPGKneotpAlox2 (from Addgene). The loxP-
Stop-loxP (digested with Sacll and Nhel) fragment was then ligated
with pROSA26-SA-MCS-d-PGK-DTA (digested with Sacll and
Xbal) to obtain pROSA26-Stop. HA3-ICA512-CCF [16] (digested
with EcoRI and Mlul) was ligated with HSV-TK-3"UTR (digested
with Mfel and Mlul), which was amplified with primers Mfel-HSV-
TK-3'UTR-F and MIul-HSV-TK-3'UTR-R from pEGFPNI.
HAS3-ICA512-CCF-HSV-TK-3'UTR  (digested with Agel and

@ PLoS ONE | www.plosone.org

Mlul) was then cloned into pROSA26-Stop (digested with Xmal
and Mlul) to obtain the final construct pR26-Stop-HA3-ICA512-
CCF (GenBank accession number HM588138). All the constructs
were confirmed to be correct by sequencing. pR26-Stop-HA3-
ICA512-CCF was digested by Pacl and Kpnl and then electropo-
rated into R1 embryonic stem (ES) cells (129 genetic background),
which were then selected for resistance to G418. The targeted ES
cells in which the floxed Stop cassette and HA3-ICA512-CCF
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Figure 4. B-galactosidase gene (lac2) expression in Pdx7-CreER, Rosa26-lacZ mice. A-C. LacZ staining of the pancreatic tissue from 4-month-
old tamoxifen-treated Pdx1-CreER, Rosa26-lacZ mice (A), and Rosa26-lacZ (B) and untreated Pdx1-CreER, Rosa26-lacZ (C) mice. D. Quantification and
statistical analysis of the lacZ-positive area relative to the total islet area in tamoxifen-treated or untreated Pdx1-CreER, Rosa26-lacZ mice, and
tamoxifen-treated Rosa26-lacZ mice. Dots represent individual islets from 3 mice in each genotype group. The p value of a t-test between groups is

shown.
doi:10.1371/journal.pone.0013533.g004

sequences were correctly inserted and exclusively present in the
Rosa26 locus were identified by Southern blots with 5’-arm, 3'-arm
and internal probes. The ES cells were injected into eight-cell mouse
embryos to generate the R26-Stop-HA3-1CA512-CCF mouse founder.
Primers pRosa26-1-757-77 (5'-gtttccgacttgagttgecte-3") and unrec-R
(5'- ccacttgtgtagcgccaagtg-3') were used for PCR-genotyping of
mice. The mouse R26-Stop-HA3-1CA512-CCF line was kept in the
129X1 SyJ genetic background.

Generation of conditional PTBP1 knockout mouse

In the PTBPI™"F mouse, two loxP sites flank exons 3 to 7 of
PTBPI. The detailed information regarding this mouse generation
is described elsewhere (Suckale et al., in preparation). The
GenBank accession number of the related construct is HM588137.

Tamoxifen treatment
3-5 mg tamoxifen (Sigma, Cat# T-5648) were fed to the mice
by gavage, every other day and 3 times in total.

Immunohistochemistry

Cryosections were re-hydrated in PBS, permeabilized with
0.3% Triton X-100 in PBS for 15 min, and incubated for 1 hour
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in blocking buffer (goat serum dilution buffer). Sections were
incubated with primary antibodies in the blocking buffer overnight
at 4°C, washed with PBS, then further incubated with the
appropriate fluorochrome-conjugated secondary antibodies raised
in goat for 1 hour. Sections were finally rinsed with water and
mounted using Moviol solution. Primary antibodies included a
mouse anti-HA antibody (Roche), a guinea pig anti-insulin
antibody (Gene Tex), and a mouse anti-PTBP1 antibody (Zymed).
Confocal images were acquired on a Zeiss LSM 510 microscope.
Total number of insulin positive cells as well as insulin/HAS3-
ICA512-CCF double positive cells or insulin positive/PTBP1
negative cells were counted manually from images processed with
the Fiji software [17]. The percentage and the p value of a t-test
between groups were calculated with Microsoft Excel.

Staining for B-galactosidase activity

Mouse pancreatic cryosections were fixed with 0.2% glutaral-
dehyde buffer (for 50 ml, 0.5 ml 0.5 M EGTA, pH 7.3; 5.0 ml
1 M MgCl2; 44.1 ml PBS; 0.4 ml 25% glutaraldehyde), and then
washed 3 times for 15 min in washing buffer (for 500 ml, 1.0 ml
1 M MgCl2; 5.0 ml 1% Sodium deoxycholate (NaDOC); 5.0 ml
2% Nonidet-P40; 489 ml PBS). The sections were further
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incubated with staining buffer (for 100 ml, 4.0 ml 25 mg/ml X-gal
(5-bromo-4-chloro-3-indoxy-p-D-galactopyranoside)); 0.21 g K-
ferrOcyanide; 0.16 g K-ferrlcyanide in washing buffer) in a dark
chamber at 30°C overnight. The sections were counterstained
with haematoxylin, dehydrated through ethanol series and
mounted with Depex mounting medium.

Quantification of lacZ positive islet area in the islet

Images of sections stained for lacZ were taken with a Zeiss
Observer Z1 using a 40X objective. The images were then
analyzed with Adobe Photoshop and Fiji to measure the lacZ
positive islet area relative to the total islet area.

Islet isolation and western blot

Pancreatic islets were isolated as previous described [18]. After
24-hour culture, islets were harvested at 4°C in cell lysis buffer to
obtain total extracts. 10 mg protein was separated by 10% SDS-
PAGE and immunoblotted with a rabbit anti-HA antibody
(Abcam) and a mouse anti-y-tubulin antibody. The blot was
developed using the Supersignal West Pico or Femto kits (Pierce)

References

1. Feil R (2007) Conditional somatic mutagenesis in the mouse using site-specific
recombinases. Handb Exp Pharmacol. pp 3-28.

2. Joyner AL, Zervas M (2006) Genetic inducible fate mapping in mouse:
establishing genetic lineages and defining genetic neuroanatomy in the nervous
system. Dev Dyn 235: 2376-2385.

3. Sauer B, Henderson N (1989) Cre-stimulated recombination at loxP-containing
DNA sequences placed into the mammalian genome. Nucleic Acids Res 17:
147-161.

4. Metzger D, Clifford J, Chiba H, Chambon P (1995) Conditional site-specific
recombination in mammalian cells using a ligand-dependent chimeric Cre
recombinase. Proc Natl Acad Sci USA 92: 6991-6995.

5. Feil R, Brocard J, Mascrez B, LeMeur M, Metzger D, et al. (1996) Ligand-
activated site-specific recombination in mice. Proc Natl Acad Sci USA 93:
10887-10890.

6. Daniclian PS, Muccino D, Rowitch DH, Michael SK, McMahon AP (1998)
Modification of gene activity in mouse embryos in utero by a tamoxifen-
inducible form of Cre recombinase. Curr Biol 8: 1323-1326.

7. Sohal DS, Nghiem M, Crackower MA, Witt SA, Kimball TR, et al. (2001)
Temporally regulated and tissue-specific gene manipulations in the adult and
embryonic heart using a tamoxifen-inducible Cre protein. Circ Res 89: 20-25.

8. Indra AK, Warot X, Brocard J, Bornert JM, Xiao JH, et al. (1999) Temporally-
controlled site-specific mutagenesis in the basal layer of the epidermis:
comparison of the recombinase activity of the tamoxifen-inducible Cre-ER(T)
and Cre-ER(T?2) recombinases. Nucleic Acids Res 27: 4324-4327.

@ PLoS ONE | www.plosone.org

RIP-CreER Leaky Recombination

and Chemiluminescence was detected with a LAS 3000 Bioima-
ging System (Fuji, Tokyo, Japan).

Acknowledgments

We thank Douglas Melton and Guogiang Gu for providing us the RIP-
CreER and Pdx1-CreER mice, Yuval Dor for advise and critical reading of
the manuscript. We thank Carla Muenster, Carolin Wegbrod, Christian
Krautz, Ronny Meisterfeld, Melanie Jaeger and Kristin Duerschke for
help, the Light Microscopy Facility, Transgenic Core Facility and
Biomedical Service in the Max Planck Institute of Molecular Cell Biology
and Genetics for their excellent service. We thank Elly Tanaka for access to
the Zeiss Observer Z1 microscope. We are also grateful to all members of
the Solimena lab as well as to Francis Stewart, Stephan Speier and Michael
Gerlach for advice and discussion.

Author Contributions

Conceived and designed the experiments: YL JS MS. Performed the
experiments: YL JS JM MGM AS KA. Analyzed the data: YL JS JM
MGM MS. Contributed reagents/materials/analysis tools: KA. Wrote the
paper: YL MS.

9. DorY, Brown J, Martinez OI, Melton DA (2004) Adult pancreatic beta-cells are
formed by self-duplication rather than stem-cell differentiation. Nature 429:
41-46.

10. Mziaut H, Trajkovski M, Kersting S, Ehninger A, Altkriiger A, et al. (2006)
Synergy of glucose and growth hormone signalling in islet cells through ICA512
and STAT5. Nat Cell Biol 8: 435-445.

11. Soriano P (1999) Generalized lacZ expression with the ROSA26 Cre reporter
strain. Nat Genet 21: 70-71.

12. Knoch K, Meisterfeld R, Kersting S, Bergert H, Altkriiger A, et al. (2006)
cAMP-dependent phosphorylation of PTB1 promotes the expression of insulin
secretory granule proteins in beta cells. Cell Metab 3: 123-134.

13. Knoch K, Bergert H, Borgonovo B, Saeger H, Altkriiger A, et al. (2004)
Polypyrimidine tract-binding protein promotes insulin secretory granule
biogenesis. Nat Cell Biol 6: 207-214.

14. Gu G, Dubauskaite J, Melton DA (2002) Direct evidence for the pancreatic
lineage: NGN3+ cells are islet progenitors and are distinct from duct progenitors.
Development 129: 2447-2457.

15. Buelow B, Scharenberg AM (2008) Characterization of parameters required for
effective use of tamoxifen-regulated recombination. PLoS ONE 3: ¢3264.

16. Trajkovski M, Mziaut H, Schubert S, Kalaidzidis Y, Altkriiger A, et al. (2008)
Regulation of insulin granule turnover in pancreatic beta-cells by cleaved
ICA512. J Biol Chem 283: 33719-33729.

17. Walter T, Shattuck DW, Baldock R, Bastin ME, Carpenter AE, et al. (2010)
Visualization of image data from cells to organisms. Nat Methods 7: S26-41.

18. Gotoh M, Maki T, Kiyoizumi T, Satomi S, Monaco AP (1985) An improved
method for isolation of mouse pancreatic islets. Transplantation 40: 437-438.

October 2010 | Volume 5 | Issue 10 | e13533




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


