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Role of TNF-related apoptosis-inducing ligand (TRAIL) in
the pathogenesis of varicocele-induced testicular
dysfunction

Orcun Celik1, Omer Kutlu2, Merih Tekcan3, Ciler Celik-Ozenci3 and Ismail T Koksal1

The higher frequency of varicocele in men with infertility has drawn attention and resulted in increased research at the molecular

level towards treatments. The aim of this study was to investigate the role of tumor necrosis factor (TNF)-related

apoptosis-inducing ligand (TRAIL) and its receptors in varicocele-induced testicular dysfunction in an experimental rat model. The

rats were divided into three groups: control, sham and varicocele. Varicoceles in rats were induced by partial ligation of the left

renal vein and left testes. The rats were analyzed 13 weeks after surgery. The degree of DNA fragmentation within cells in the

testis was determined using terminal deoxynucleotidyl transferase deoxyuridine triphosphate nick end labeling (TUNEL) assay.

Tubule degeneration was evaluated using the Johnsen score. The expression of TRAIL and its receptors was detected by

immunohistochemical and Western blotting techniques. The apoptotic index, Johnsen score and the expression of TRAIL and

TRAIL receptors were examined. The data are presented as the mean6s.d. and were analyzed using computer software. The

Kruskal–Wallis and Dunn’s multiple comparison tests were used in the statistical analyses. The germ cell apoptotic index was

increased in rats with varicoceles when compared with the sham and control groups (P50.0031). The Johnsen score was

significantly decreased in the varicocele group when compared with the sham and control groups (P,0.0001).

Immunohistochemical and Western blotting analyses showed that after varicocele induction, the expression of TRAIL-R1 and

TRAIL-R4 in germ cells was increased and the expression of TRAIL-R2 was decreased. There are no significant differences among

the groups in terms of TRAIL and TRAIL-R3 receptor expression. The results of this study indicate that TRAIL and its receptors

may have a potential role in the pathogenesis of varicocele-induced testicular dysfunction.
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INTRODUCTION

A varicocele is an abnormal enlargement of the pampiniform plexus

of the spermatic cord. This abnormality is the most common cause

of male infertility and occurs in approximately 21%–81% of infer-

tile men.1 The association of a varicocele with infertility has been

recognized for centuries.2 Varicoceles are ordinarily accompanied

by a decreased testicular volume, an impaired sperm quality and a

decline in Leydig cell function. However, the exact mechanism that

causes this abnormality remains to be determined.3 Several theories

have been suggested to explain the mechanism by which varicoceles

impair male fertility. These theories include increased apoptosis,

increased DNA damage in sperm, oxidative stress, tissue hypoxia,

degenerative changes in the seminiferous tubule and immuno-

logical infertility caused by the increased apoptosis of germ

cells.4–9 However, the presence of a varicocele does not necessarily

cause infertility or worsen semen viability. Therefore, further stu-

dies are still necessary to understand the relationship between va-

ricoceles and male infertility.

Recent investigations have reported that nuclear factor-kappa B (NF-kB)

activation involves varicocele-induced and postchemotherapy testicular

dysfunction.10 NF-kB is a key regulator of inflammatory gene express-

ion, and its activation can be stimulated by oxidative stress.11 Although

there are several mediators that may increase the levels of NF-kB in

different pathologies, evidence suggests that the death ligand, tumor

necrosis factor (TNF)-a-related apoptosis-inducing ligand (TRAIL), a

recently discovered member of the TNF family, may be another factor

that stimulates NF-kB, thus implicating this ligand in varicocele-

mediated pathogenesis.12 TRAIL, a type II transmembrane protein with

a molecular weight of 40 kDa, is known to stimulate the apoptotic

pathway in transformed cells and the NF-kB signal pathway in the

presence of autoimmune and inflammatory responses.13 Currently, five

TRAIL receptors belonging to the TNF-a receptor superfamily have

been identified. Two of them, DR4/TRAIL-R1 and DR5/TRAIL-R2,

contain a cytoplasmic death domain that transmits apoptotic signals

in response to TRAIL.14 Two other cellular TRAIL receptors, DcR1/

TRAIL-R3, a glycosylphosphatidylinositol-linked protein without an
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intracellular domain, and DcR2/TRAIL-R4, containing a truncated

death domain, have been identified. TRAIL-R4 binds TRAIL with-

out activation of the apoptotic machinery and seems to antagonize

the death domain containing TRAIL receptors.15 Finally, oste-

oprotegerin, a regulator of osteoclastogenesis, was reported to be

a soluble receptor for TRAIL.16–18 Immunohistochemical studies

indicate that TRAIL, TRAIL-R2 and TRAIL-R4 were detected in

Leydig cells, whereas the ligands and all receptors were localized

in germ cells.19,20 The aim of this study is to investigate the possible

role of TRAIL pathway activation in the pathogenesis of infertility

in an experimental rat model.

MATERIALS AND METHODS

A total of 18 adult Wistar male rats were housed at 24 uC under

controlled conditions with free access to standard rat chow and water.

The experimental protocol was approved by the Animal Care and

Usage Committee of Akdeniz University and was in accordance with

the Declaration of Helsinki and International Association for the

Study of Pain guidelines.

Experimental rat model of varicocele

Twenty-week-old adult rats were used for the control group (n56).

The animals underwent a sham operation at 7 weeks and were studied

13 weeks later (n56). Animals in the experimental varicocele group

underwent partial ligation of the left renal vein at 7 weeks and were

studied 13 weeks later. A total of six animals underwent the varicocele

surgery, and all six of them developed varicoceles. The establishment

of the control and experimental groups is described elsewhere.21 After

identification of the left varicocele by observation of the dilatation of

the internal spermatic veins, both testicles were harvested from the

same incision. Sham-operated rats underwent a similar procedure: the

left renal vein was freed by dissection but was not ligated. The animals

were euthanized 13 weeks after renal vein ligation, and the left testicu-

lar tissues were removed for immunohistochemistry and Western

blotting analysis.

Histological evaluation

The left testicular tissues of rats were fixed in Bouin’s fixative for 4 h,

dehydrated in ethanol, embedded in paraffin and stained with hema-

toxylin and eosin for histopathological evaluation. Tubule degenera-

tion was evaluated in each group using Johnsen scores. This scoring

system is principally based on the progressive degeneration of ger-

minal epithelium and subsequent loss of the most mature cell types

during testicular damage. Johnsen score was also used to categorize the

level of spermatogenesis in the control testes and compare with the

scores of the varicocele-induced testes. A grade from 1 to 10 was given

to each tubule cross-section according to the following criteria:

105complete spermatogenesis and perfect tubules; 95many sper-

matozoa present and disorganized spermatogenesis; 85only a few

spermatozoa present; 75no spermatozoa but many spermatids pre-

sent; 65only a few spermatids present; 55no spermatozoa or sper-

matids but many spermatocytes present; 45only a few spermatocytes

present; 35only spermatogonia present; 25no germ cells but only

Sertoli cells present; 15no germ cells and no Sertoli cells present.22

Evaluation of DNA damage

The apoptotic index in germ cells was determined by the terminal

deoxynucleotidyl transferase deoxyuridine triphosphate nick end

labeling (TUNEL) assay. Paraffin sections of 5-mm thickness from

the testes tissues were washed twice in phosphate-buffered solution

(PBS) for 5 min. Following the incubation of slides with the permea-

bilization solution (0.1% Triton X-100 in 0.1% sodium citrate) for

8 min at 4 uC and washing twice with PBS for 5 min, the labeling

reaction was performed using 50ml of TUNEL reagent for each sample,

except for the negative controls, in which the reagent was added with-

out enzyme. The slides were then incubated for 1 h at 37 uC. After

washing with PBS, the slides were incubated with a converter reagent

for 30 min at 37 uC. Color development to localize the cells containing

labeled DNA strand breaks was performed by incubating the slides

with fast red substrate solution for 5 min. The TUNEL assays were

conducted using a cell death detection kit (Roche, Mannheim,

Germany). The apoptotic index was determined by a Zeiss Axioplan

microscope (Thornwood, NY, USA). All seminiferous tubules from

each group were observed, and the numbers of TUNEL-positive and

TUNEL-negative seminiferous tubules were recorded. The seminife-

rous tubules with apoptotic cell signals were defined as positive sem-

iniferous tubules. The positive seminiferous tubule rate was calculated

by multiplying the ratio of positive tubules to the total number of

tubules by 100%.

Immunohistochemical scoring of TRAIL and its receptors

The tissue sections were deparaffinized and blocked from endogenous

peroxidase activity with methanol containing 3% H2O2 for 10 min and

from nonspecific binding with Ultra V Block (Labvision, Freemont,

CA, USA) for 7 min at room temperature. Rabbit polyclonal TRAIL

(Ab 2435; Abcam, Cambridge, MA, USA), TRAIL-R1 (Ab 8414),

TRAIL-R2 (Ab 8416), TRAIL-R3 (Ab 2087) and TRAIL-R4 (Ab

2019) primary antibodies were applied at dilutions of 1 : 500, 1 : 750,

1 : 300, 1 : 1000 and 1 : 600, respectively and incubated overnight at 4 uC
in a humidified chamber. The sections were washed in PBS and incu-

bated with biotinylated horse anti-mouse IgG and anti-rabbit IgG

(3 mg ml21; Vector, Burlingame, CA, USA) at a dilution of 1 : 500

for 45 min at room temperature. The antigen–antibody complex was

detected using an avidin–biotin horseradish peroxidase complex with

a Universal LSAB Kit (Dako, Glostrup, Denmark). Diaminobenzidine

(3, 39-diaminobenzidine tetrahydrochloride dihydrate; Sigma, St.

Louis, MO, USA) was used as the chromogen, and the sections were

mounted with Permount (Fisher Chemicals, Zurich, Switzerland) on

glass slides and then evaluated under a light microscope. For controls,

sections were incubated with non-immune IgG3 (MAB007; R&D

Systems, Minneapolis, MN, USA) and rabbit serum (X0902; Dako)

at the same concentrations as the primary antibodies. Pictures

were taken while viewing with an Axiophot microscope (Zeiss,

Oberkochen, Germany). Two independent histologists who were

blinded to the names of the antibodies used for the staining performed

the immunohistochemical scoring. Briefly, both the intensity and the

marker distribution (percentage of positively stained epithelial cells)

were used to obtain the immune staining scores. The intensity was

scored as follows: 0, negative; 1, weak; 2, moderate; and 3, strong

staining. The marker distribution was also scored as 0, less than

10%; 1, between 10% and 40%; 2, between 40% and 70%; and 3, more

than 70% of the epithelial cells were stained on the specimen. Adding

the scores of both the intensity and the marker distribution for a given

animal provided the final immune staining score.23,24

Western blotting

After homogenization of the left testis, the supernatants were col-

lected, and the protein concentrations were determined. One hundred

micrograms of each protein sample was loaded into each lane. The

samples were subjected to SDS-polyacrylamide gel electrophoresis
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(SDS-PAGE) under standard conditions and transferred onto PVDF

membranes (BioRad Comp., Philadelphia, PA, USA). The SDS gel

used was a Bis-Tris Gel (Philadelphia, PA, USA). To evaluate the

expression of TRAIL and its receptors, the membranes were blocked

for 1 h with 5% non-fat dry milk and were incubated with TRAIL-L

(dilution: 1 : 50), TRAIL-R1 (dilution: 1 : 500), TRAIL-R2 (dilution:

1 : 500), TRAIL-R3 (dilution: 1 : 200) and TRAIL-R4 (dilution: 1 : 200)

primary antibodies at 4 uC overnight. After washing, the membranes

were incubated with anti-rabbit IgG horseradish peroxidase conjugate

diluted to 1 : 5000 for 1 h at room temperature. Immunolabeling was

visualized using the chemiluminescence-based SuperSignal CL HRP

Substrate System and the membranes were subsequently exposed to

Hyperfilm. Beta-actin, as an internal standard, was also examined to

confirm equal loading of the proteins. The band intensities from the

Hyperfilm were evaluated using Alpha Digidoc software (Alpha

Innotech, Corp., San Leandro, CA, USA) as a measure of protein

expression levels.

RESULTS

A total of 18 rats in three groups were evaluated after 13 weeks in an

experimental rat varicocele model. All categorical variables for the

groups are shown in Table 1. The mean left testicular vein diameter

reached 1.0360.08 mm after 13 weeks and this is significantly different

compared with the control and sham-operated rats (0.1360.05 min

and 0.1560.05 min, respectively; P50.0017). There was no difference

between the groups in body weight. The ratio of left testis to body

weight in varicocele-induced rats was also significantly smaller com-

pared with the controls, indicating testicular tissue loss (P50.0157).

When the testicular sections were examined using light microscopy,

we observed similar tubule counts in the testes of all of the groups.

While normal spermatogenesis and testicular histology were observed

in the control and sham-operated groups, abnormal spermatogenic

cell types in damaged seminiferous tubules were observed in vari-

cocele-induced rats. Johnsen scores, indicating tubule degeneration,

showed a significant decrease in varicocele-induced testes and con-

firmed the testicular damage (Table 1). The DNA fragmentation index

values, as evaluated with the TUNEL method and using the ratio of

apoptotic germ cells to non-apoptotic cells, were found to be signifi-

cantly higher in the varicocele group (Table 1 and Figure 1).

Immunohistochemical staining of control (Figure 2a–2e) and sham

(Figure 2f–2j) seminiferous tubules with complete spermatogenesis

revealed a pronounced expression of TRAIL and its four receptors in

the germ cells (Table 2). Analysis for the subcellular localization of

TRAIL-R1 showed a weak immunostaining localized in primary sper-

matocytes (Figure 2a and 2f). Spermatogonia, primary spermato-

cytes, and interstitial cells were highly immunoreactive for TRAIL-

R2 (Figure 2b and 2g). Low TRAIL-R3 expression was present in

the cytoplasmic extrusions of spermatozoa at stage VIII (Figure 2c

and 2h). Blood vessel walls localized in the interstitial area were immu-

nopositive for TRAIL-R3 protein (Figure 2c and 2h). The protein

expression of TRAIL-R4 was localized in cytoplasmic extrusions of

the spermatozoa in the control and sham groups (Figure 2d and

2i). TRAIL was present in the cytoplasmic extrusions of elongated

sperm and the cytoplasm of interstitial cells (Figure 2e and 2j). In

the varicocele group, TRAIL-R1 protein expression was considerably

increased (P50.0029) (Figure 2k). TRAIL-R1 expression was present

in spermatogonia and primary spermatocytes in the varicocele-

induced testes (Figure 2k). However, the expression of TRAIL-R2

protein in the varicocele group decreased significantly in spermato-

gonia, primary spermatocytes and interstitial cells (P50.0235)

(Figure 2l). Moreover, in the varicocele group, expressions of

TRAIL-R3 (P50.7188), TRAIL-R4 (P50.0110) and TRAIL

(P50.8447) proteins were similar to those of the control and sham

groups (Figure 2m–2o, respectively).

Western blotting data confirmed the results of the immunohistoche-

mical analysis. While the protein expression of TRAIL-R1 (P50.0062)

and R4 (P50.0028) receptors increased, the receptor protein expres-

sions of TRAIL-R2 (P50.0062) decreased in the varicocele group

compared with the control and sham-operated rats. Similar to the

immunohistochemical data, there were no differences in TRAIL

(P50.9599) and TRAIL-R3 (P50.8948) receptor protein expression

of varicocele-induced rats compared with other groups (Table 3 and

Figure 3).

DISCUSSION

Varicocele has incidence rates of 4.4%–22.6% in the general popu-

lation, 21%–41% in men with primary infertility and 75%–81% in

men with secondary infertility.2 To date, several factors have been

proposed to account for varicocele-induced testicular injuries and

it appears that the pathophysiology of varicocele is complex and

multifaceted. The higher frequency of varicocele appearances in

Table 1 The results of body weight, left testicle weight, vein diameters, Johnsen score, spermatic tubule counts and apoptotic indices of the

groups

Control (n56) Sham (n56) Varicocele (n56) P

Body weight (g) 379.80627.06 362.50651.55 338.20631.72 0.2404

Left testicle weight (g) 2.0260.10 1.9160.12 1.4460.18 ,0.0001*

Vein diameter (mm) 0.1360.05 0.1560.05 1.0360.08 0.0017*

Johnsen score 9.2061.01 9.2061.09 6.9262.36 ,0.0001*

Spermatic tubule count 401633 413616 403631 0.4233

Apoptotic index (%) 12.962.04 12.361.9 26.462.5 0.0031*

*P,0.05 compared with control group by Kruskal–Wallis test. The data are presented as the mean6s.d.

Table 2 Immune staining scores (intensity scores1marker distri-

bution scores) of TRAIL and its receptors.

Control (n56) Sham (n56) Varicocele (n56) P

TRAIL-R1 2.5060.83 (2–4) 2.6660.81 (2–4) 5.0060.63 (4–6) 0.0029*

TRAIL-R2 4.1660.40 (4–5) 4.5060.54 (4–5) 3.3360.81 (2–4) 0.0235*

TRAIL-R3 3.6660.81 (2–4) 3.6660.51 (3–4) 4.0060.89 (3–5) 0.7188

TRAIL-R4 2.3360.51 (2–3) 2.1660.75 (1–3) 3.5060.54 (3–4) 0.0110*

TRAIL 1.8360.75 (1–3) 1.6660.51 (1–2) 1.8360.40 (1–2) 0.8447

Abbreviation: TRAIL, tumor necrosis factor-related apoptosis-inducing ligand.

The first number is the total of the intensity scores. The second number is the total of

marker distribution scores. Intensity scores (0, negative; 1, weak; 2, moderate; 3,

strong staining); marker distribution scores (0, less than 10%; 1, between 10% and

40%; 2, between 40% and 70%; 3, more than 70% of the epithelial cells stained on

the specimen). *P,0.05 compared with control group by Dunn’s multipl

comparison test. The data are presented as the mean6s.d.
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men with infertility has drawn attention and resulted in increased

research at the molecular level towards treatments.3,9 The present

study was performed to investigate the role of TRAIL and its receptors

in the pathogenesis of varicocele-induced testicular dysfunction. We

chose a well-established, experimental varicocele rat model that

mimics the varicocele in humans.21 In our study, the varicocele model

was created successfully and showed significantly increased spermatic

vein diameters and decreased Johnsen scores 13 weeks after the vari-

cocele was induced.

Apoptosis is one of the main pathophysiologic mechanisms of tes-

ticular dysfunction as a result of varicoceles and therefore, molecules

that play a role in apoptotic processes have been studied.25 Similar to

previous reports, the TUNEL results of the present study supported

those findings by showing an increase in cells that show DNA damage

in varicocele-induced testes. The relationship between the apoptotic

pathway and TRAIL is also a promising area of scientific interest for

researchers investigating malignant or inflammatory processes.23,24,26,30

Recently, it was reported that TRAIL and its receptors are expressed

in rat testis during normal development, and that the TRAIL protein is

present in different germ cell types, whereas its receptors were predo-

minantly detected in postmeiotic germ cells.19 There are no reports in

the literature concerning TRAIL and TRAIL receptor expression in the

testicular sections of rats with varicoceles evaluated by immunohisto-

chemical staining and Western blotting. There are similar reports, but

they do not use testicular rat tissue. Grataroli et al.20 reported the

immunolocalization of TRAIL , its receptors and their identification

by analyzing proteins and mRNA in human testes. They found that

postmeiotic germ cells immuno-expressed both TRAIL and its four

receptors, while Leydig cells expressed TRAIL, TRAIL-R2 and TRAIL-

R4. Their results were globally consistent with those observed prev-

iously in the adult rat testis.19 In contrast with the rat testis, TRAIL-R1

was also immunodetected in myoid and Sertoli cells in the human

testis.20 Our immunohistochemical data were similar to those in the

Grataroli et al. study.19 We found that, TRAIL-R1 was specifically

present in meiotic spermatocytes only in the control testis.

However, after varicocele induction, expression of TRAIL-R1 was

observed in both spermatogonia and meiotic spermatocytes.

Moreover, the other death receptor, TRAIL-R2, was present in sper-

matogonia, meiotic spermatocytes and interstitial cells. The express-

ion pattern of TRAIL-R2 did not change with varicocele induction but

the expression level was significantly lower in all of these cell types. We

also obtained a single specific band at the predicted molecular weight

for both TRAIL proteins in the Western blotting, indicating that our

antibodies could specifically recognize either TRAIL-R1 or TRAIL-R2.

Although the spermatogonia expression of TRAIL-R2 in our study

differs from the current literature, the presence of TRAIL-R1 and

TRAIL-R2 in meiotic spermatocytes is consistent with the findings

of Grataroli et al.19 Moreover, in accordance with our TUNEL results,

it seems that TRAIL death receptor signaling could be activated in

meiotic spermatocytes. The two decoy receptors, TRAIL-R3 and

TRAIL-R4, were shown to be expressed by elongated spermatozoa as

reported by Grataroli et al.19 They also found that both of these decoy

receptors were present in round and elongated spermatids.19 In our

study, we demonstrated that TRAIL-R4 expression (P50.0028)

increased in Western blotting analyses. Thus, it is possible that the

changes after varicocele induction might be related to the sperm qual-

ity rather than anti-apoptotic functions of this molecule.

Indeed, under denaturing and reducing conditions on SDS-

PAGE, TRAIL-R4 protein from rat testis migrated as two protein

bands. This result suggests the presence of extensive post-

translational modification, or unusual structural motifs (or both)

in the testicular TRAIL-R4 protein. However, the unusual migration

of this receptor on SDS-polyacrylamide gel electrophoresis gels as

different forms of TRAIL-R4 has also been previously reported in

293 T cells.28 Previous studies indicate that overexpression of

Figure 2 Immuno-labeling of TRAIL and its receptors in all groups (black arrow: primary spermatocyte; red arrow: spermatogonia; blue arrow: interstitial cell; yellow

arrow: the cytoplasmic extrusion of sperm; green arrow: wall of the vessel). (a-e) Control gruop; (f-j) Sham group; (k-o) varicocele group. Scale bars550 mm. TRAIL,

tumor necrosis factor-related apoptosis-inducing ligand.

Figure 1 The results of TUNEL in all groups. Red points and black arrows show

apoptotic cells. (a) Control gruop; (b) Sham group; (c) varicocele group. Scale

bars550 mm. TUNEL, transferase deoxyuridine triphosphate nick end labeling.
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TRAIL-R4 activates the transcription factor NF-kB and protects cells

against TRAIL-induced DNA damage, suggesting that TRAIL-R4,

unlike TRAIL-R3, has a functional, intracellular signaling domain.14,29

Thus, TRAIL-R4 might protect cells from TRAIL-induced DNA

damage by either acting as a decoy receptor or transducing an anti-

apoptotic signal. Currently, the intracellular signaling pathways

responsible for TRAIL receptor-mediated NF-kB activation are

unclear, and the mechanisms responsible for TRAIL receptor-induced

apoptosis are controversial. In addition to TRAIL-R4, it has been

shown that TRAIL-R1 and TRAIL-R2 can also activate NF-kB.15,30

As shown recently, overexpression of TRAIL-R4 did not protect cells

from DNA damage induced by TRAIL-R1. Activation of NF-kB alone

is in sufficient to block the DNA damage induced by TRAIL receptors,

and an alternative mechanism other than NF-kB activation may

account for the protective role of TRAIL-R4 on TRAIL-induced

DNA damage.30 Our present study suggests that despite the high levels

of TRAIL-R4 in varicocele-bearing testicles of rats, the increase in

death receptor TRAIL-R1 levels might be associated with the initiation

of TRAIL pathways in varicocele-induced testicular dysfunction.

In conclusion, this study evaluated the role of TRAIL and its receptors

in testis with varicocele, and examined whether this family of proteins

contributes to the mechanism of increased DNA damage at the molecu-

lar level. We demonstrated that TRAIL and its receptors may play a role

in apoptosis signaling and serve as an induction mechanism on cell

tissues associated with the experimental varicocele rat model.
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