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Abstract: The mouse is an optimal animal model for kidney transplantation. Recent reports suggest that applica-
tion of poloxamer 407, a thermosensitive in situ gel, during the sutureless technique significantly increases animal
survival, compared to traditional methods. However, further improvement of this technology is greatly needed but
remains unexplored. Here, we detected significant inflammation at the region of ureter anastomosis, after kidney
transplantation using poloxamer 407. Since chemokines play a pivotal role during inflammation, we implanted an
Alzet osmotic pump that gradually releases AMD3100 (a specific inhibitor of the binding of stromal cell-derived
factor 1 (SDF-1) to its receptor, CXCR4) at the site of ureter anastomosis in mice that had undergone kidney trans-
plantation. We found that AMD3100 significantly reduced local inflammation, significantly improved animal survival
after kidney transplantation, and significantly improved kidney function. Together, these data suggest that inhibition
of chemokine signaling at the site of ureter anastomosis may substantially improve animal survival after kidney
transplantation through suppression of suturing-related inflammation.

Keywords: Kidney transplantation, thermosensitive in situ gel poloxamer 407, inflammation, stromal cell-derived
factor 1 (SDF-1), CXCR4, AM3100, ureter anastomosis

Introduction

Kidney transplants in the mouse model are a
very valuable tool for studying transplantation-
associated biology and immunology [1]. How-
ever, the technical complexity of this surgery in
mice, especially the ureter anastomosis, leads
to high mortality rates, which block the proce-
dure’s widespread application [2]. Recently,
some alternatives to sutures have been pro-
posed and examined; specifically, a new meth-
od of suturing that uses poloxamer 407, a US
Food and Drug Administration (FDA)-approved
thermosensitive polymer, was found to tempo-
rarily yet effectively maintain an open lumen
for ureter anastomosis. The use of poloxamer
407 has been shown to improve animal surviv-
al after complex surgeries involving anastomo-
sis [3]. However, optimization of this technique
is still needed.

Sutures and sutureless gel both create local
inflammation [4-6], which has been implicated

in both transplant dysfunction and reduced sur-
vival rates in animals. Among the chemokines
that regulate initiation and progression of in-
flammation, stromal cell-derived factor 1 (SDF-
1) is the most important. SDF-1 is also known
as C-X-C motif chemokine 12 (CXCL12), which
is key for activating lymphocytes and macro-
phages to initiate inflammation [7]. SDF-1, whi-
ch is normally produced and secreted at the
site of injury, recruits inflammatory cells by tar-
geting CXCR4, which is expressed on the cell
surface [8]. Recently, the SDF-1/CXCR4 axis
has been described as a retention signal for
M2 macrophages [9, 10]. Nevertheless, a role
for SDF-1 in the development of sutureless
gel-associated inflammation has not been re-
ported.

Here, we report that significant inflammation
was detected in mice at the region of ureter
anastomosis, after kidney transplantation with
poloxamer 407. We implanted an Alzet osmotic
pump that gradually releases AMD3100, a spe-
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cific inhibitor for the binding of SDF-1 to its
receptor CXCR4, at the site of ureter anastomo-
sis in mice that had undergone kidney trans-
plantation. We found that AMD3100 signifi-
cantly reduced local inflammation, significantly
improved animal survival after kidney trans-
plantation, and significantly improved kidney
function.

Materials and methods
Mouse procedures

All mouse experiments were approved by the
Animal Research and Care Committee at the
General Hospital of Jinan Military Command.
Forty C57/BL6 mice were purchased from
Jackson Labs (Bar Harbor, ME, USA). Male mice
at 10 weeks of age were subjected to kidney
transplantation using kidneys from isogeneic
mouse donors. To inhibit SDF-1/CXCR4 inter-
action, 2 mg of AMD3100 (Sigma-Aldrich, St.
Louis, MO, USA) was dissolved in PBS and
placed in mini-osmotic pumps (Alzet Osmotic
Pumps, Cupertino, CA, USA), which were then
implanted at the site of ureter anastomosis
in 20 mice, at the time of kidney transplan-
tation. Mini-pumps containing saline were im-
planted into another 20 mice as a control. After
2 weeks, 5 mice from each group were sacri-
ficed for analysis of local inflammation. The
other 15 mice in each group were kept for
another 6 weeks (8 weeks in total following
kidney transplantation and AMD3100/control
pump implantation) for evaluation of survival
and kidney function.

Flow cytometry

The tissue digests were analyzed for relative
enrichment of CD45+ cells by flow cytometry,
using a PE-cy7-conjugated rat anti-mouse CD45
antibody (Becton-Dickinson Biosciences, San
Jose, CA, USA).

Immunohistochemistry (IHC)

The mouse tissue (kidney or site of ureter anas-
tomosis) was fixed in 4% formalin for 6 hours,
cryo-protected in 30% sucrose overnight, and
then sectioned at 6 ym. IHC was then per-
formed, followed by counterstaining with He-
matoxylin. The primary antibody for IHC was
polyclonal rat anti-CD45 (DAKO, Carpinteria,
CA, USA). DAPI was used to stain the nucleus.
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For quantification, 5 random fields were quanti-
fied in each slide, and in each animal, at least
5 slides that were 100 yM away from each
other were counted. Quantification was per-
formed for 15 mice in each condition.

Kidney morphology

To assess glomerular injury, renal tissues were
subjected to periodic acid Schiff (PAS) stain-
ing. Glomerulosclerosis (GS) was evaluated
by determining the percentage of glomeruli
exhibiting sclerotic lesions (% GS). For each
mouse, 100 consecutive glomeruli were exam-
ined. Lesion scores related to the glomeru-
lar and mesangial area were graded based on
the following criteria: O=preservation of normal
architecture, 1=5-15% glomerular expansion
or mesangial expansion and PAS positivity, 2=
15-30% glomerular expansion or mesangial
expansion and PAS positivity, 3=30-50% glo-
merular expansion or mesangial expansion
and PAS positivity, and 4>50% g lomerular
expansion or mesangial expansion and PAS
positivity.

Renal function

Blood samples were centrifuged at 2000 g for
10 min, and serum was collected for mea-
surement of blood urea nitrogen (BUN) with a
BUN measurement kit (Sigma-Aldrich, St. Louis,
MO, USA). Urine samples were centrifuged in
the same way to remove any suspended parti-
cles, and the supernatant was used to detect
24-hour urine albumin protein with an albumin
mouse ELISA Kit (Abcam, Cambridge, MA, USA).
Creatinine clearance was measured with a cre-
atinine companion kit (Exocell inc., Philadelphia,
PA, USA), calculated as urinary creatinine X
urine volume/serum creatinine, and expressed
as milliliters per minute.

Statistical analysis

All statistical analyses were carried out using
the SPSS 17.0 statistical software package. All
values are depicted as mean * standard devia-
tion and are considered significant if P<0.05.
Mice survival was calculated using Kaplan-
Meier analysis. All data were statistically ana-
lyzed using one-way ANOVA with a Bonferroni
correction, followed by Fisher’'s Exact Text to
compare two groups.
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Figure 1. Significant inflammation is detected at the region of ureter anas-
tomosis by poloxamer 407 after kidney transplantation. (A) Representative
CD45 at the site of ureter anastomosis in control (Sham; sham operated,
no kidney transplantation and ureter anastomosis performed) and experi-
mental mice (KT-P407; using poloxamer 407 in kidney transplantation) 2
weeks after surgery. (B, C) Flow cytometry for CD45 of tissue cell digests at
the region of ureter anastomosis in Sham and KT-P407 mice 2 weeks after
surgery, shown by quantification (B) and by representative flow charts (C).

*P<0.05. N=5. Scale bars are 20 uym.

Results

Significant inflammation is detected at the re-
gion of ureter anastomosis by poloxamer 407
after kidney transplantation

We examined the inflammation at the site of
ureter anastomosis by staining the tissue for
CD45, a pan-leukocyte marker. We found that,
compared to control (sham operated, no kidney
transplantation and ureter anastomosis per-
formed), more CD45+ cells were detected at
the region of ureter anastomosis by poloxamer
407 after kidney transplantation (Figure 1A).
To quantify this finding, we isolated tissue at
the region of ureter anastomosis and dissoci-
ated it into single cells for flow cytometry analy-
sis using CD45. We found that, compared to
control (sham operated, no kidney transplanta-
tion and ureter anastomosis performed), sig-
nificantly more CD45+ cells were detected at
the region of ureter anastomosis by poloxamer
407 after kidney transplantation, shown by
quantification (Figure 1B), and by representa-
tive flow charts (Figure 1C). Thus, ureter anas-
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that had undergone kidney
transplantation. Control mice
that similarly underwent kid-
ney transplantation received
Mini-pumps containing saline.
After 2 weeks, a subset of
mice from each group were
sacrificed for analysis of local
inflammation. The remaining
mice in each group were kept
for another 6 weeks for evalu-
ation of survival and kidney function (Figure
2A). We found that AMD3100 administration
significantly improved animal survival after kid-
ney transplantation (Figure 2B).

Experimental suppression of inflammation re-
duces damage to the kidney transplant

Next, we examined the morphology of the
mouse kidney transplants after PAS staining.
Compared to control saline-treated mice, the
mice that were administered AMD3100 exhib-
ited significantly reduced glomerular fibrosis,
shown by lesion score quantification (Figure
3A), and by representative images (Figure 3B).
Thus, experimental suppression of inflamma-
tion reduces damage to the kidney transplant.

Experimental suppression of inflammation im-
proves kidney transplant function

Next, we examined the function of the kidney
transplants. Compared to control saline-treat-
ed mice, mice that were administered AMD31-
00 exhibited significantly reduced serum blood
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Figure 2. Experimental suppression of inflammation improves mouse sur-
vival after kidney transplantation. A. Schematic of the experiment: An Alzet
osmotic pump that gradually releases AMD3100 was implanted into mice at
the time of kidney transplantation (AMD). The control mice that similarly un-
derwent kidney transplantation received Mini-pumps containing saline (CTL).
After 2 weeks, a subset of mice from each group were sacrificed for analysis
of local inflammation. The other mice in each group were kept for another 6
weeks for evaluation of survival and kidney function. B. Mice survival after
kidney transplantation. **P<0.01. N=30. Tx: transplantation.
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AMD3100 reduces local in-
flammation

As a control, we examined
inflammation at the site of
ureter anastomosis by stain-
ing the tissue for CD45, two
weeks after AMD3100/sa-
line administration. We found
that, compared to control
(kidney transplantation, sa-
line pump implanted), fewer
CD45+ cells were detected
at the region of ureter anas-
tomosis by poloxamer 407
after kidney transplantation
in mice that received AMD-
3100 (Figure 5A). To quan-
tify this finding, we isolated
tissue at the region of ure-
ter anastomosis and disso-
ciated it into single cells for
flow cytometry analysis using
CD45. We found that, com-
pared to control, significant-
ly fewer CD45+ cells were
detected at the region of ure-

Figure 3. Experimental suppression
of inflammation reduces damage to
the kidney transplant. Morphology
of the mouse kidney transplants
was determined after PAS staining.
A. Lesion score quantification. B.
Representative images. *P<0.05.

ter anastomosis by poloxamer
407 after kidney transplan-
tation in mice that received
AMD3100, shown by quantifi-
cation (Figure 5B), and by re-
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urea nitrogen (BUN) (Figure 4A), significantly in-
creased creatinine clearance rate (CCR) (Fig-
ure 4B), and significantly reduced urinary pro-
tein excretion (Figure 4C). Thus, experimental
suppression of inflammation improves kidney
transplant function.
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N=15. Scale bars are 20 um.
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presentative flow charts (Fig-
ure 5C). Thus, AMD3100 in-
deed reduces local inflam-
mation.

Discussion

The mouse is an important
model for studying kidney
transplantation, both because
of its relative inexpensive-
ness and the availability of
transgenic mice [1]. However,
the mouse ureter is very
small, and traditional sutur-
ing methods for ureter anas-
tomosis are technically demanding. Even for
those with extensive training, mouse kidney
transplantation leads to significant mortality
[2]. Therefore, alternative suturing methods or
sutureless technology are critical for improving
the efficacy of kidney transplantation in mice.
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Figure 4. Experimental suppres-
sion of inflammation improves the
function of the kidney transplant. A.
Serum blood urea nitrogen (BUN).
B. Creatinine clearance rate (CCR).
C. Urinary protein excretion. The
KT-P407/AMD and KT-P407/CTL
groups were compared. *P<0.05.

inflammation, which not only
impairs the recovery from sur-
gery, but also promotes host-
versus-graft rejection [4-6].
Thus, we hypothesize that
experimental control of polox-
amer 407-associated inflam-
mation may further improve
outcomes in kidney transplan-
tation in mice.

In order to suppress local in-
flammation, we used an AMD-
3100 pump system, taking
advantage of its effective in-
hibition of SDF-1/CXCR4 axis,
which plays a pivotal role in
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the development of inflam-
mation [11, 12]. We detect-
ed significant inflammation at
the region of anastomosis
of the mouse ureter after
kidney transplantation with
poloxamer 407, which con-
firms our hypothesis that
poloxamer 407 may create
inflammation. Moreover, we
found that AMD3100 signifi-
cantly reduced local inflam-
mation, as evidenced by ex-
amination of CD45+ cell infil-
tration locally by both immu-
nohistochemistry and flow

cytometry. In addition, sup-
pression of local inflamma-
tion significantly improved
both animal survival and kid-
ney function after kidney tr-
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Figure 5. AMD3100 reduces local inflammation. (A) Representative CD45 at
the site of ureter anastomosis in KT-P407/CTL and KT-P407/AMD groups 2
weeks after surgery. (B, C) Flow cytometry for CD45 of tissue cell digests at
the region of ureter anastomosis in KT-P407/CTL and KT-P407/AMD mice 2
weeks after surgery, shown by quantification (B) and by representative flow

charts (C). *P<0.05. N=5. Scale bars are 30 um.

The recent application of a new sutureless
method with poloxamer 407 begins to achieve
this goal [3]. Application of this technology
seemed to significantly improve animal survi-
val after anastomosis, mainly through redu-
ction in tissue damage. However, the applica-
tion of sutureless materials may create local
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ansplantation. These findings
may result from reduced in-
flammatory damage to the
kidney transplant and from
reduced adverse effects of
inflammation on the graft.

Together, our data suggest

that application of combined
thermosensitive in situ gel with AMD3100 in
the sutureless technique, may improve the
survival and function of kidney transplants in
mice, through suppression of inflammation.
This study may be clinically translatable to
humans, and should be further examined in
future studies.
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