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Abstract: Tamoxifen is used to activate tamoxifen-dependent Cre recombinase (CreER) to generate time- and tissue-
specific genetically mutant mice. However, tamoxifen is also an active estrogen analogue that binds with high-
er affinity to estrogen receptors and exhibits anti-apoptosis, anti-inflammation, and antifibrotic properties. Renal
ischemia reperfusion (I/R) injury is characterized by increased apoptosis and inflammation, so optimal utility of
tamoxifen-inducible CreER genetic systems in I/R model is important. The purpose of this study was to optimize
the tamoxifen dose and evaluate its safety and tolerability in the development of mouse I/R injury. Seven-week-old
C57/B6 mice were subjected to moderate reversible unilateral I/R and then injected intraperitoneally daily for 5
days with tamoxifen at doses of 50, 100, or 200 mg/kg/day. Regardless of the time of sacrifice, at 5 day or 28 day
after I/R injury, there were no differences in pathological damage, apoptosis, inflammation, or the extent of fibrosis
between untreated and treated mice from the time point of acute kidney injury (AKI) to subsequently chronic kidney
disease. Data above indicated that tamoxifen with a dose among O to 200 mg/kg/day was safe and tolerable for
mice, without influencing I/R induced kidney injury in mice. The results suggest that tamoxifen-inducible CreER
genetic systems can be safely used in the mouse |/R model.
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Introduction

The Cre-Lox recombination conditional gene
knock-out technology is a site-specific recombi-
nase method for gene deletions, insertions,
translocations, and inversions at specific sites
in the DNA of cells [1]. With the widespread
use of conditional mutagenesis in biomedical
research, Cre-Lox recombination has become a
powerful platform, which spans many disci-
plines, for determining gene function in specific
cell types and at specific developmental times.

The tamoxifen (TAM)-inducible Cre-ER (CreER)
system has been fused to a mutated ligand-
binding domain of the human estrogen recep-
tor (ER) resulting in tamoxifen-dependent Cre
recombinase that is activated by TAM [2]. When
transgenic mice expressing CreER recombi-
nase cross with mice containing a loxP-flanked
sequence of interest, the offspring will carry

the CreER-lox gene of interest. As CreER is
restricted to the cytoplasm, which cannot gain
access to the nucleus before exposure to TAM,
the offspring show no gene mutant. However,
after administration of TAM to the offspring,
CreER in these mice is able to penetrate the
nucleus and induce a targeted gene mutant at
a chosen time and/or in a given tissue.

Previous research has shown that TAM is suc-
cessfully in the treatment of fibrosclerotic disor-
ders such as idiopathic retroperitoneal fibrosis
[3], encapsulating peritoneal fibrosis [4], and
fibrosing mediastinitis [5]. Tamoxifen is also
effective in the treatment of desmoid tumors
[6], suppressing human dermal fibroblast prolif-
eration [7], excessive extracellular matrix (ECM)
production in mesangial cells [8], the treatment
of renal fibrosis in both the hypertensive neph-
rosclerosis model [9] and the unilateral ureteral
obstruction (UUO) model [10], and attenuating
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acute liver failure by its anti-inflammation and
anti-apoptosis properties [11]. However, little
information has been focused on the safety
and tolerability of TAM in the CreER transgenic
mouse original background mice.

Renal ischemia reperfusion (I/R) is a very com-
mon occurrence during multifarious clinical and
surgical settings. Characteristics of renal I/R
include increased inflammation and apoptosis
as well as vital potential risk factors for chronic
kidney disease [12]. In this study, our goal was
to estimate the value of different concentra-
tions of TAM in mice with renal I/R injury and
determine a suitable concentration for the
application of TAM in CreER transgenic mice
with I/R.

Materials and methods
Animal study

Male C57BL/6 mice (6-8 weeks old, 22-28 g)
were purchased from Hua Fukang Experimental
Animal Center (Beijing, China) and maintained
under specific pathogen-free conditions. After
a minimum of 7 days of acclimation, the mice
were randomly divided into 4 groups with I/R-
induced acute kidney injury (AKI): the sham
group (Sham), in which mice underwent similar
surgical procedures but without renal ischemia
and reperfusion; the I/R with corn oil group (I/R
+ vehicle), in which mice were subjected to uni-
lateral renal ischemia for 30 min and adminis-
tered with corn oil; the I/R with 50 mg/kg of
TAM group (I/R + 50 mg/kg); and the I/R with
100 mg/kg TAM group (I/R + 100 mg/kg). The
I/R-induced chronic kidney disease (CKD) mice
were also divided into four groups: the sham
group (Sham), the I/R with corn oil group (I/R +
vehicle), the I/R with 100 mg/kg TAM group
(I/R + 100 mg/kg), and the I/R with 200 mg/kg
TAM group (I/R + 200 mg/kg). The corn oil and
TAM were injected intraperitoneally for five
consecutive days after the unilateral I/R insult.
Corn oil was bought from Sigma and TAM
(>98.0% purity) was purchased from Med-
ChemExpress.

This study was approved by Guidelines for
Experimental Animal Ethical Committee of
Huazhong University of Science and Technology.
All procedures were approved and performed in
accordance with the institutional guidelines for
animal care.
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Renal I/R model

Firstly, animals were anesthetized with a 1%
sodium pentobarbital solution (6 mL/kg) by
intraperitoneal injection and then placed in a
prone position to maintain their body tempera-
ture at 36.8-37.2°C during surgery. After a uni-
lateral dorsal incision to expose the kidneys,
the renal artery was occluded using a micro-
vascular clamp (RoBoz Surgical Instrument
Company, Gaithersburg, MD, USA) for 30 min.
Next, clamps were removed, and the animals
were allowed to recover with free access to
food and water. The mice subjected to unilat-
eral I/R mice were sacrificed 5 days or 28 days
after reperfusion, and kidneys were collected
for further experiments.

Assessment of renal function

Blood samples were obtained by removing the
eyeball 5 h after the last injection. To assess
renal function, blood urea nitrogen (BUN) and
serum creatinine (Cr) levels were assayed us-
ing the QuantiChromTM Urea Assay Kit (DICT-
500) and QuantiChromTM Creatinine Assay Kit
(DIUR-500), respectively. The assay kits were
purchased from BioAssay Systems (Hayward,
CA, USA).

Histological analysis

Paraffin-embedded renal sections (4 pm)
were subjected to periodic acid-Schiff and
Massons staining as previously reported [29].
Tubulointerstitial fibrosis was analyzed accord-
ing to the percentage of fibrosis in the tubuloin-
terstitial area using the Image Pro Plus soft-
ware (MediaCybernetics, Rockville, MD, USA) in
more than 10 random fields.

Immunofluorescence

Paraffin-embedded renal sections (4 um) were
deparaffinized in xylene, rehydrated in graded
alcohol, and blocked with 10% goat serum for
30 min. The slides were then incubated with
antibodies against Kim-1 (R&D Systems, USA),
LTL (Vector Laboratories, USA), DBA (Vector
Laboratories, USA), F4/80 (Abcam, UK), CD3
(Dako, USA), PCNA (Santa Cruz, USA), a-SMA
(Abcam, USA), or PDGFR-[3 (Abcam, USA) at 4°C
overnight and subsequently visualized using an
FA488- or 594-conjugated secondary antibody.
The nuclei were counter-stained with DAPI.
TUNEL was stained using a kit according to the
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Table 1. Primer sequences for RT-PCR

Genes Forward and reverse primers

Mouse GAPDH  5’-AGGTCGGTGTGAACGGATTTG-3’
5’-GGGGTCGTTGATGGCAACA-3’

Mouse Kim-1 5’-ACATATCGTGGAATCACAACGAC-3’
5’-ACTGCTCTTCTGATAGGTGACA-3’

Mouse NGAL 5’-ATTTCCCAGAGTGAACTG-3’
5’-AATGTCACCTCCATCCTG-3’

Mouse a-SMA  5’-TCGCTGTCAGGAACCCTGAGACG-3’

5’-ATCATCACCAGCGAAGCCGGC-3’

Mouse PDGFR-B 5’-AGGAGTGATACCAGCTTTAGTCC-3’
5’-CCGAGCAGGTCAGAACAAAGG-3’

manufacturer’s instructions (Roche, Switzer-
land). Color images were obtained under a
Nikon fluorescence microscope (Nikon ECLIPSE
TE2000-U, Tokyo, Japan).

Western blot

Fifty micrograms of proteins were separated by
12% SDS-PAGE and then electrophoretically
transferred onto PVDF membranes. After block-
ing with 5% non-fat milk for 1 h at room tem-
perature, the membranes were incubated with
antibodies in optimal dilutions against Bax,
Bcl2, caspase3, PDGFR-B, and o-SMA at 4°C
overnight and then incubated with an HRP-
conjugated secondary antibody. The target
bands were detected using the ECL Plus
Western blot kit. The density of the bands was
quantified using Lab Works image J software.

Quantitative RT-PCR

Total RNA was extracted from renal tissues
using Trizol reagent according to the manufac-
turer’s instructions (Invitrogen, USA). One
microgram of RNA was reverse transcribed
into first strand cDNA using the GoScript
reverse transcription system (Promega, USA).
Quantitative PCR was conducted using the
SYBR mastermix (Qiagen, Germany) on the
Roche light 480Il. Relative mRNA expression
levels were calculated using the 225°t method
and were normalized to the expression levels of
GAPDH. The primer sequences for mice were
shown in Table 1.

Statistical analyses

All data are expressed as the mean + SEM.
Excel or the Graphpad Prism 5 software
(GraphPad Software, La Jolla, CA, USA) was
used for statistical analyses. Statistical differ-
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ences between groups were analyzed by one-
way ANOVA followed by Tukey’s post-tests, and
P<0.05 was considered significant.

Results

Tamoxifen treatment did not affect mice kid-
ney size, renal function, pathological morphol-
ogy, or injury after I/R at day 5

To assess the impact of TAM on AKI, mice were
treated with TAM for 5 consecutive days at
two different doses (50 and 100 mg/kg/day)
after unilateral I/R injury (Figure 1A). Firstly, we
detected the physical morphology of operated
left kidneys. The gross kidney weights and left/
right kidney weight ratios showed no difference
between the TAM-treated groups and the vehi-
cle-treated group at day 5 after I/R (Figure 1B
and 1C), which demonstrated that treatment
with TAM did not influence the kidney and body
weight after renal I/R injury. Secondly, we test-
ed renal function with blood urea nitrogen
(BUN) and serum creatinine (Scr) by specific
Kits. These mice also displayed similar levels of
BUN and Scr (Figure 1D), indicating that TAM
did not cause a perceptible change in renal
function at these given doses at day 5 after I/R
injury.

A histological analysis at day 5 after I/R injury
of kidneys from I/R + Vehicle and I/R + TAM gro-
ups compared with those from the sham opera-
tion group showed considerably increased cast
formation, loss of the brush border, and wide-
spread tubular necrosis at the site of renal cor-
ticomedullary junction. However, no differences
in kidney histology were detected between
groups with TAM administration and the vehi-
cle-treated group (Figure 1E).

Kidney injury molecule 1 (Kim-1) has been iden-
tified as a biomarker for kidney injury [13-17].
We calculated the Kim-1 positive area in these
kidneys. In accordance with the gross appear-
ance and histological analysis described above,
increased Kim-1 positive area was detected in
the I/R group compared to the sham group, but
there was no difference among I/R groups
treated with TAM or vehicle (Figure 1F). RT-PCR
for Kim-1 and NGAL, another kidney injury bio-
marker, were in line with this (Figure 1G). Lotus
tetraglonolobus lectin (LTL, Figure 2A and 2D)
and dolichos biflorusagglutinin (DBA, Figure 2B
and 2E) were used to detect labeled normal
proximal tubule and collecting duct, which also
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Figure 1. Tamoxifen treatment did not affect |/R-incited renal injury at day 5. A. Scheme of the experimental. B.
Kidney gross appearance in each group. C. Statistical analysis of the ratio (left/right) of kidney weight. D. Scr and
BUN levels among different groups. E. PAS staining. F. Kim-1 represented injured tubules. Semi-quantitative analy-
sis of immunofluorescence staining of Kim-1 in the kidney, based on the positive area of Kim-1 in 10~15 random
areas for all mice collected. Original magnification x 400. Scale bar =50 ym. G. Renal injury biomarkers KIM-1 and
NGAL were detected by RT-PCR. Statistical differences between groups were analyzed by one-way ANOVA followed
by Tukey’s post-tests. Values are mean £ SEM. (N=4/group. *P<0.05, **P<0.01, ***P<0.001).
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Figure 2. Tamoxifen treatment did not modify tubular injury and apoptosis in kidneys after I/R at day 5. (A) LTL: lotus
tetraglonolobus lectin labeled normal proximal tubule. (B) DBA: dolichos biflorusagglutinin represented normal col-
lecting duct. Original magnification x 100 (C) Apoptosis cells were stained by TUNEL. LTL (D), DBA (E) and TUNEL +
cells (F) was calculated in 15 visual fields. (G) Expression of Caspase 3, Bax, and Bcl-2 were detected by western
blot. Quantitation of Caspase 3, Bax, and Bcl-2 was normalized by B-actin. Statistical differences between groups
were analyzed by one-way ANOVA followed by Tukey’s post-tests. Scale bar =50 um. The data shown are mean *
SEM. (N=4/group. *P<0.05, **P<0.01, ***P<0.001).
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Figure 3. Tamoxifen treatment did not affect inflammatory infiltration and tubular epithelial cells proliferation in
kidneys after I/R at day 5. Kidney sections were stained with F4/80 (A), CD3 (B) and PCNA (C). The number of mac-
rophages (D), lymphocytes (E) and proliferating cells (F) were analyzed in 10~15 visual fields. Statistical differences
between groups were analyzed by one-way ANOVA followed by Tukey’s post-tests. Scale bar =50 ym. The data shown
are mean + SEM. (N=4/group. *P<0.05, **P<0.01, ***P<0.001).

showed no difference among surgical groups
treated with TAM or vehicle. Collectively, these
results demonstrated that the injury induced by
I/R did not change with TAM exposure at doses
of 50 or 100 mg/kg.

Tamoxifen treatment did not modify renal
apoptosis, inflammatory infiltration, or tubular
epithelial proliferation in kidneys after I/R at
day 5

Recent reports have inferred that TAM attenu-
ates acute liver failure through its anti-apoptot-
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ic effect [11]. We performed TUNEL staining
and evaluated the activity of the apoptosis-reg-
ulating genes Bax, Bcl2, and caspase-3. TUNEL-
positive cells increased in all surgical groups,
but no difference among surgical groups treat-
ed with TAM or vehicle (Figure 2C and 2F). In all
I/R groups, mice had a lower expression of anti-
apoptotic proteins Bcl2, and caspase-3, and an
increased expression of apoptosis regulator
Bax compared to the sham operation group.
However, no difference was detected among
I/R groups with TAM administration or vehicle
alone (Figures 2G and S1). Therefore, apoptotic
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Figure 4. Tamoxifen treatment did not ameliorate renal injury induced by I/R at day 28. (A) Scheme of the experi-
mental plan. (B) Kidney gross appearance from mice in each group. (C) The ratio (left/right) of kidney weight. (D)
PAS staining. Masson trichrome staining (E) and Sirius red staining (F) representing interstitial collagen deposition,
original magnification x 400. Graph (G-1) presented quantitative data of renal cast formation, Masson positive area
and Sirius red positive area. Scale bar =50 pym. Statistical differences between groups were analyzed by one-way
ANOVA followed by Tukey’s post-tests. Values were mean + SEM. (N=4/group. *P<0.05, **P<0.01, ***P<0.001).

variations were not altered by TAM administra- Persistent tubulointerstitial inflammation after
tion in renal I/R injury in mice. I/R has a vital impact on the advancement of
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Figure 5. Tamoxifen treatment did not mitigate I/R-induced chronic renal fibrosis. (A) Western blot analysis of fibrotic
markers a-SMA and PDGFR-B. Immunofluorescence staining presented the expression of a-SMA (B) and PDGFR-3
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(C) in the kidney. Semi-quantitative analysis of immunofluorescence staining of -SMA and PDGFR- in the kidney,
based on the positive area of a-SMA and PDGFR-$ in 10~15 random areas for all mice collected. (D) Renal fibrosis
biomarkers a-SMA and PDGFR-3 were detected by RT-PCR. Statistical differences between groups were analyzed by
one-way ANOVA followed by Tukey’s post-tests. The data shown are mean + SEM. (N=4/group; *P<0.05; **P<0.01;

**%*P<0.001).

AKI to CKD [18]. The most important inflamma-
tory cells in this situation have been identified
as macrophages [19]. Previous studies have
demonstrated that TAM decreases the infiltra-
tion of inflammatory cells and suppresses infl-
ammatory cytokines expression [10]. Therefore,
we measured the infiltration of macrophages
(F4/80 + cells, Figure 3A and 3D) and T cells
(CD3 + cells, Figure 3B and 3E). Our results
showed inflammatory cells increased in all I/R
operation kidneys. However, the inflammatory
infiltration was the same in all I/R groups both
with and without TAM administration.

AKI is accompanied with regeneration and
repair of renal tubular epithelial cells (TECs)
[20, 21]. The proliferating cell nuclear antigen
(PCNA) is essential for replication in the nuclei
of cells during the DNA synthesis phase of the
cell cycle [22] and is a marker for the cell cycle
and mitogenesis. We found I/R injury induced
an increase in PCNA-positive nuclei in TECs
(Figure 3C). However, no difference was detect-
ed in the groups with different doses of TAM
treatment (Figure 3F). Taken together, these
results show that TAM administration exhibited
no anti-inflammatory or anti-proliferation activi-
ties in renal |/R-incited renal injury.

Tamoxifen treatment did not ameliorate kidney
fibrosis after I/R at day 28

Renal fibrosis is the final pathway leading to
end stage renal failure and characteristic fea-
ture of AKIl-induced CKD [23-25], but the effect
of TAM on renal I/R-induced fibrosis is little
known. We increased the dose of TAM to evalu-
ate the effect of TAM on I/R-induced fibrosis
(Figure 4A). Kidney weight and size decreased
in the I/R groups with different concentration
of TAM (100 and 200 mg/kg) compared to
those in the sham group on day 28 after I/R
(Figure 4B and 4C). PAS, masson trichrome,
and sirius red staining revealed an increase of
cast formation, brush loss, collagen deposition,
and fibrotic lesions in all I/R groups (Figure
4D-F), but no difference was detected in the
groups with different doses of TAM treatment
(Figure 4G-I). Western blot and immunofluores-
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cence staining showed the rising expression of
a-SMA and PDGFR-B in all I/R groups with TAM
administration (Figures 5A, 5B and S2) com-
pared to the sham operation group. However,
no differences were found between TAM-
treated groups and non-treated group. RT-PCR
for a-SMA and PDGFR-B were in line with the
results above (Figure 5D). Therefore, TAM treat-
ment exhibited no effect on renal fibrosis after
ischemic injury.

Discussion

In this study, we showed that administration of
TAM at doses among 0 to 200 mg/kg/day to
mice following I/R-incited renal injury did not
affect the development of apoptosis, inflamma-
tory infiltration, proliferation, or interstitial fibro-
sis in kidney. These results provided a possible
and referenced safe and tolerable dose of TAM
in mice I/R model.

As previously presented, intraperitoneal admin-
istration of TAM to renal |/R-injured mice (daily
administration for 5 days with a dose of either
50 or 100 mg/kg tamoxifen) showed no signifi-
cant difference in the infiltration of macro-
phages and T cells, which was quite consistent
to the reported result in hypertensive nephro-
sclerosis following TAM citrate treatment at 10

mg/kg [9].

However, our results presented appeared to
contradict with a recent study by Zhang et al.
[11], which showed that treatment with TAM
attenuated acute liver failure by antagonizing
apoptosis. It should be noted that TAM is
metabolized in liver, thus some underlying
mechanisms need further exploration.

Previously, TAM has been successfully used in
various models of inflammation in which an
anti-inflammatory activity of TAM was suspect-
ed. For example, subcutaneous administration
of TAM in autoimmune NZB/W F1 mice decreas-
es renal inflammation and alleviates renal inju-
ry [26]. The differences between this study of
inflammation and our study are the TAM dose
and administration scheme (22 mg/kg, every 2
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weeks). In another study, oral gavage adminis-
tration of a single dose of TAM (50 mg/kg) for 5
days before a UUO operation and continued
TAM administration for 14 days postoperatively
was shown to ameliorate UUO-induced macro-
phage infiltration [10]. Collectively, these stud-
ies have demonstrated that TAM, in compara-
ble dosages yet by different administration
routes, confers different effects in various
inflammatory disease models.

In addition, a number of studies have shown
antifibrotic effects of TAM treatment in differ-
ent diseases in different models [3-5, 8-10].
Similar to our findings, Falke et al. have shown
that TAM does not attenuate fibrosis in male
mice and confounded fibrosis studies in female
mice [27]. All of the mice in our study were
male, which might be the reason we have differ-
ent results from other trials. Ischemia reperfu-
sion injury is a reversible process with inflam-
mation and oxidative damage. Therefore, the
differences between our study and the data
from other research studies might be explained
by differences in animal model and TAM deliv-
ery system. These results imply further studies
of renal fibrosis in different models of TAM-
inducible CreER genetic systems should be
conducted.

In conclusion, we provided evidences demon-
strating the safety and tolerability of TAM in
mice AKI and subsequently CKD induced by
I/R-incited renal injury. It should be noted that
this study examined the effect of TAM on I/R in
male mice only. Female have been reported to
gain better renal ischemia tolerance and kidney
transplantation outcomes [28] and TAM is well-
known as an active estrogen analogue, so fur-
ther research should be focused on the female
mice. Notwithstanding its limitation, this study
confirmed that the application of TAM with the
doses of 0, 50, 100, and 200 mg/kg is safe
and tolerable for I/R-incited renal injury in mice,
which suggesting the safety of TAM-inducible
CreER genetic systems in the mouse I/R model.
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Figure S1. Original image of WB in Figure 2.
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Figure S2. Original image of WB in Figure 5.



