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Abstract
Celebı M., A.G.A. Paul: Blocking Both E-Selectin and P-Selectin Inhibits Neutrophil
Recruitment into the Murine Testis after Ischemia-Reperfusion-Induced Injury. Acta Vet. Brno
76, 2008: 321-326.
Ischemia-reperfusion (IR) injury of the testis results in germ cell specific apoptosis, a process in
which neutrophil recruitment to the testes plays a critical role. Adhesion molecules, in particular
E- and P-selectins, play a critical role in this recruitment. The present study sought to characterize
the inhibitory effect of function-blocking monoclonal anti-mouse E- and P-selectin antibodies on
the migration of neutrophils into the IR-induced testis of the mouse. Mice were subjected to a 2
hr period of testicular torsion (ischemia) followed by detorsion (reperfusion). Ten minutes after
the onset of reperfusion mice received either a mixture of 200 µg function-blocking monoclonal
E-selectin and P-selectin antibody (FBMAb group; 100 µg; each) intravenously or 200 µg of
isotype-matched control-antibody (IMCAb group). Separate groups of mice underwent shamoperation (SO group) or received 500 ng of TNF (IF group) to induce inflammation. Mice were
sacrificed 24 h after reperfusion and testicular interstitial cells were isolated and analyzed for the
presence of neutrophils by means of flow cytometry.
The mixture of function-blocking monoclonal E- and P-selectin antibody (FBMAb) decreased
neutrophil recruitment to the IR-induced testis significantly (FBMAb group as compared to the
IMCAb group 20.2 ± 2.8 vs. 51.9 ± 4.0 % Gr-1+CD11b+ of total leukocytes; p = 0.0002). Therefore,
blocking both E- and P-selectin may be therapeutically beneficial to protect postischemic testis.
Selectin, neutrophil, testis, murine, torsion, antibody

In the clinical setting ischemia-reperfusion (IR)-induced testicular injury results from
torsion of the spermatic cord which renders the testis ischemic (Lysiak et al. 2003).
IR-induced testicular injury results in germ cell specific apoptosis and can lead to the
permanent loss of spermatogenesis in animal models (Lysiak et al. 2000; Turner et al.
1997). Studies in animal models have demonstrated that neutrophil recruitment to the
testes plays a critical role in the germ cell apoptosis induced after IR-induced testicular
injury. E-selectin, expressed on the testicular endothelial cells, appears to be the key cell
adhesion molecule responsible for mediating neutrophil recruitment (Lysiak et al. 2001,
Sukhotnik et al. 2007). The selectin family of adhesion molecules, P- E- and L-selectins,
mediate the initial attachment of leukocytes to venular endothelial cells before their firm
adhesion and diapedesis at sites of tissue injury and inflammation. L-selectin is expressed
on all leukocytes, P-selectin is expressed on platelets and endothelial cells, and E-selectin
is found exclusively on endothelial cells (Tedder et al. 1995). P-selectin participates
in leukocyte capture and rolling on the venular endothelial surface upon inflammatory
stimuli and is transported to the endothelial cell surface within minutes of injury (Ley
et al. 1995), and can persist in a synthesis-dependent manner for hours after IR-induced
injury (Chukwuemeka et al. 2005). E-selectin participates to tether and allows for the
slow rolling of neutrophils to endothelial cells (Kunkel and Ley 1996) and E-selectin
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expression in the testicular vascular endothelium is up-regulated following IR-induced
injury or after treatment with tumor necrosis factor  (Weller et al. 1992) or interleukin 1
(Keelan et al. 1994). Previous studies have demonstrated that blocking E-and P-selectins
in models of IR-induced tissue injuries (Singbartl and Ley 2000; Singbartl et al. 2000)
and inflammation (Homeister et al. 1998) reduces neutrophil migration to the tissues and
protect from IR-induced organ failures. Therefore, blockade of E- and P-selectin function
may have therapeutic benefit. The effect of blocking E- and P-selectin by means of antibody
(Ab) blockade has not been investigated in IR-induced testicular injury.
This study was aimed to determine whether functional-blocking monoclonal antibodies
against mouse E-selectin and P-selectin could inhibit the recruitment of neutrophils into
the murine testis subjected to IR.
Materials and Methods
Experimental Testicular Torsion
All experiments were conducted in a humane manner and approved by the Virginia University Institutional
Animal care and Use Committee. Adult male C57BL/6 mice were anaesthetized with an intraperitoneal injection
of ketamine (60 mg/kg; Ford Dodge, Iowa; Ketaset) and xylazine (5mg/kg; Burns Vet supply, Westbury, NY). Mice
were subjected to unilateral testicular torsion as described by Lysiak et al. (2001). The testis was rotated 720
for 2 h (ischemia), during that time it remained in the abdomen with a closed incision. After 2 h the incision was
reopened, the testis was counter rotated to the natural position (reperfusion) and reinserted into the scrotum, and
the incision was closed. Ten minutes after reperfusion, mice received either a mixture of 200 µg function-blocking
monoclonal E-selectin and P-selectin antibody (FBMAb group, n = 6; 100 µg of each antibody) intravenously or
200 µg of isotype-matched control-antibody (IMCAb group, n = 6; Sigma, I4131, IgG from rat serum). Function
blocking monoclonal anti-mouse E-selectin antibody (clone 9A9) and P-selectin antibody (clone Rb40.34) were
produced at the University of Virginia lymphocyte Culture Center (Charlottesville VA, described in reference
Norton et al. (1993) and Bosse et al. (1994). Separate groups of mice underwent sham-operation (SO group,
n = 5) or received 500 ng of TNF to induce inflammation (IF group, n = 6). Intratesticular injection of TNF
was performed as described by Lysiak et al. (2003). Mice were sacrificed 24 h after reperfusion and testis were
removed for flow cytometry study to determine the neutrophil content.
Isolation of interstitial cells
Isolation of testicular cells was performed as described by Suescun et al. (2003) with minor modifications.
For isolation of interstitial cells (both inflammatory cells and testis-resident cells as germ cells/Leydig cells)
the testis was decapsulated and placed in 3 ml of RPMI1640 (Dulbecco’s) containing 100 U/ml Collagenase
Type 2 (Worthington Biochemical Corp.) and 0.1 M DnaseI (Sigma; type IV). This was subsequently incubated
for 15 min in a 34 C water bath while shaking. After incubation, 40 ml of 0.1 M EDTA in HBBS was added
and non-interstitial contents (containing seminiferous tubules) were allowed to settle by incubation on ice for
3 min. The supernatant (containing interstitial testicular cells) was collected and washed once in HBSS. Isolated
interstitial cells were counted by trypan blue exclusion and further processed for flow cytometric analysis.
Flow cytometric analysis
Isolated testicular interstitial cells were resuspended in 50 g/ml Fc-block (anti-CD16/32; clone G412, BD
Pharmingen) in PBS + 0.5% BSA and incubated for 15 min at 4 C in order to block Fc-receptor binding of
antibodies used for staining of cells. Subsequently cells were transferred to a 96-wells round-bottomed plate.
Surface staining for leukocyte-specific antigens and identification of neutrophils was then performed by using a
combination of the following antibodies; Gr-1-PE (clone RB6-8C5; BDPharmingen), CD45-APC (clone 30-F11,
BDPharmingen), CD11b-APCAlexaFluo750 (Clone M1/70; Ebioscience) and F4/80-biotin (clone BM8; Caltag
Lab.). After 20 min incubation at 4 C, cells were washed twice with PBS + 0.5% BSA and subsequently incubated
with Streptavidine-FITC (BDPharmingen) for 20 min at 4 C. After three washes cells were resuspended in 100
l PBS + 1% BSA + 0.1M EDTA plus 5 l of the viability dye 7-AAD (BDPharmingen). Samples were acquired
on a FACScan upgraded with a blue laser by Cytek (Freemont, CA, USA) to allow five color-analysis. Data
compensation and analysis was performed by using the Flowjo-software (Treestar).
Statistical analysis
Statistical analysis was performed using the non-parametric Mann-Whitney U-test with p  0.05 considered
statistically significant. All data are expressed as mean  standard error of the mean (SEM).

Results and Discussion
In order to identify neutrophils in the testis we used a specific combination of fluorchromeconjugated monoclonal antibodies that have been reported to properly identify neutrophils
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Fig. 1. Gating strategy to identify neutrophils in the isolated testicular cells of the different groups. Dot plots
represent one representative mice in the sham-operated (SO) group (A) or IMCAb group (B). Dead cells were
excluded by gating on the 7-AAD negative cells (live cells; left dot-plots) and leukocytes were subsequently
identified by expression of CD45 (middle dot-plots). Neutrophils were identified in the gated leukocyte population
as co-expressing CD11b and Gr-1 (left dot-plots) and were F4/80-negative (data not shown)

in the mouse (Lagasse et al. 1996). Fig. 1 shows the gating strategy used for identifying
neutrophils in the testis of one representative mouse in either the SO group (A) or IMCAb
group (B). First dead cells were excluded by use of 7-AAD staining (Fig. 1A and Fig. 1B;
dot plots on the left) and subsequently leukocytes were gated on CD45 (Fig. 1A and Fig. 1B;
dot plots in the middle). Neutrophils in the leukocyte population were then identified by coexpression of CD11b and Gr-1 (Fig. 1A and Fig. 1B; dot plots on the right) and were F4/80
negative (data not shown). The summary of the flow cytometric analysis is depicted in Fig. 2
and shows a significant reduction in the percentage of neutrophils present in the testicular cells
isolated from the mice in the FBMAb group as compared to the IMCAb group (Fig. 2; 20.2 ±
2.8 vs. 51.9 ± 4.0 % Gr-1+CD11b+ of total leukocytes; P = 0.0002). Deliberate induction of an
inflammatory response by injecting TNF induced a significant increase in the percentage of
neutrophils in the testicular cells of the IF group as compared to the SO group (Fig. 2; 59.9 ±
8.8 vs. 6.5 ± 1.6%, respectively). This is consistent with the finding that E-selectin expression in
the testicular vascular endothelium is up-regulated after treatment with tumor necrosis factor 
(Weller et al. 1992) and that E-selectin appears to be the key cell adhesion molecule responsible
for mediating neutrophil recruitment into the testis after IR-induced testicular injury (Lysiak et
al. 2001, Sukhotnik et al. 2007) and would suggest that also during an inflammatory response
in the testis E-selectin mediates neutrophil recruitment.
Germ cell-specific apoptosis occurs contemporaneously with an increase in neutrophil
margination and diapedesis in the mouse (Lysiak et al. 2001) or rat (Turner et al. 1997).
Neutrophil recruitment to the affected organs is one of the hallmarks of IR-induced injury
(Singbartl and Ley 2000) and the precise role of each selectin (E-, P-, and L-) may vary
depending on the particular inflammatory stimulus and species (Homeister et al. 1998). In
this study our aim was to reduce neutrophil infiltration into the testis subjected to IR-induced
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Fig. 2. The % of neutrophils (Gr-1- and CD11b-positive and F4/80-negative) of leukocytes (CD45-positive cells)
in live interstitial testicular cells isolated from mice that were sham-operated (SO) as compared to mice subjected
to IR-induced testicular injury given isotype control (IMCAb) or a mixture of function-blocking monoclonal Eand P-selectin antibodies (FBMAb). The administration of FBMAb reduces the % of neutrophils in the isolated
interstitial cells significantly (P=0.0002). As a positive control mice were injected with TNF (IF) to induce an
inflammatory response.

injury with a mixture of function-blocking monoclonal E- and P- selectin antibodies. In this
study, we show by flow cytometric analysis that neutrophil infiltration into the testis with
IR-induced injury was reduced significantly, by 61%, with the administration of FBMAb.
Homeister et al. (1998) has shown that neutrophil accumulation was significantly reduced
in mice deficient in both E- and P-selectin in acute dermal inflammation and he suggested
that loss of both selectins was required to impair neutrophil accumulation. Blocking
both E- and P-selectins decreased neutrophil recruitment into the kidney in IR-induced
injury even after the onset of reperfusion in mice (Singbartl and Ley 2000; Singbartl
et al. 2000). Lysiak et al. (2001) reported that E-selectin knockout mice and wild-type
mice rendered neutropenic showed a significant decrease in neutrophil recruitment to the
subtunical venules of the testis in IR-induced testicular injury. However no data existed
until now regarding the active inhibition of neutrophil migration into the testis with IRinduced injury by means of Ab-blockade, which could be therapeutically applicable.
Our data are consistent with the results of other investigators who demonstrated that
blockade of both E- and P-selectin reduces neutrophil migration into the tissues with
IR-induced injury (Singbartl and Ley 2000; Singbartl et al. 2000) or inflamed tissues
(Homeister et al. 1998 ).
In conclusion, these data demonstrate that blocking both E- and P-selectin, even after
the onset of reperfusion, with function blocking monoclonal anti-mouse E- and P-selectin
antibodies inhibits neutrophil recruitment into the testis subjected to IR-induced injury.
Combined antibody therapy, inhibiting both P- and E-selectin, may be a promising strategy
for protection against ischemia-reperfusion injury.
Blokování E-selektinu i P-selektinu inhibuje prostup neutrofilů do myších varlat
po ischemické reperfuzi
Ischemická reperfuze (IR) varlat způsobuje apoptózu spermií, což je proces, při kterém
hraje hlavní roli prostup neutrofilů do tkáně varlat. Adhezní molekuly E- a P-selektiny mají
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pro prostup klíčový význam. Tato studie se snaží určit funkci selektivně blokujících monoklonárních anti-myších E- a P-selektinových protilátek na prostup neutrofilů do varlat myších
samců, u kterých byla vyvolána IR. Myši podstoupily 2 hodinovou torzi varlat (ischémie)
a následnou retorzí varlat došlo k reperfuzi (IR). Deset minut po nástupu reperfuze byla
myším aplikována i.v. buď směs 200 µg selektivně blokujících monoklonárních E- a P-selektinových protilátek (skupina FBMAb, 100 µg pro toto) nebo 200 µg kontrolních protilátek stejného izotypu (skupina IMCAb). Jednotlivé skupiny myší postoupily zdánlivou operaci (skupina SO) nebo jim bylo aplikováno 500 ng TNF (skupina IF) k vyvolání zánětu.
Myši byly utraceny 24 hodin po reperfuzi. Pomocí průtokové cytometrie byly izolovány
a analyzovány intersticiální buňky varlat za účelem zjištění přítomnosti neutrofilů. Směs
selektivně blokujících monoklonárních E- a P-selektinových protilátek (FBMAb) významně snížila prostup neutrofilů do varlat (skupina FBMAb ve srovnání se skupinou IMCAb
20,2 ± 2,8 vs. 51,9 ± 4,0 % Gr-1+CD11b+ celkových leukocytů; p = 0,0002). Blokování
P- i E-selektinu tedy může být terapeuticky přínosné při ochraně varlat po ischemii.
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