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ABSTRACT
Objective: To analysis ethanol exposure and its apoptosis results in germline cells.
Methods: Transgenic mouse model ubiquitously overexpressing human FasL was applied to
investigate whether Fas ligand played a role in ethanol-induced testicular germ cell apoptosis.
Wild-type (WT) and transgenic (TG) mice were treated with acute ethanol (20% v/v) by
intraperitoneal injection five times. Flow cytometry, western blot and histopathological examination
were carried out to estimate the apoptosis and FasL expression status in germline cells.
Results: Flow cytometry analysis showed that the percentage of FasL-positive cells was increased by
5.55% by ethanol while compared with control group (3.91%). The increaesd expression of the FasL
protein in ethanol treated cells analyzed by western blot was consistent with the result of Flow
cytometry.
The apoptotic cell death was observed by PI staining of mouse testis tissue. Consequently,
ethanol-treated WT mice displayed increased apoptotic cells while compared with saline-treated WT
mice, besides, the FasL transgenetic mice displayed severe injury of spermatogonia and
spermatocytes.
Conclusion: Chronic ethanol exposure can result in testicular germ cell apoptosis. Our present study
provided direct evidence demonstrating that Fas ligand mediated apoptosis in testicular germ cells
induced by acute ethanol using FasL transgenic mice.
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INTRODUCTION
Apoptosis in testicular germ cells is critical for spermatogenesis in mammals (1, 2). It is
believed that apoptosis plays an important role in the removal of overproduced, genetically
abnormal, or accidentally damaged germ cells. Furthermore, increases in germ cell apoptosis
are observed in laboratory animals after exposure to various testicular toxicants (3, 4) and in
humans after testicular injury or under certain disease conditions (5, 6).
Apoptosis is a rapid, self-destructive process that does not cause damage to surrounding
tissues (7). Morphologically, the process of cell death is characterized by condensation and
fragmentation of cell chromatin, followed by cellular budding into apoptotic bodies (8, 9).
The mechanisms controlling spontaneous or toxicant-induced germ cell apoptosis are the
current focus of many investigations. Recent studies have shown that the Fas-Fas ligand
system is involved in the regulation of germ cell apoptosis both in rodent models (10) and
human testes (11). Fas ligand (FasL/CD95L) is a 31-kDa type II transmembrane protein of the
tumor necrosis factor (TNF) family that induces apoptosis through interaction with Fas, a
process best studied in lymphoid cells (12, 13). Fas (CD95/APO-1) is a type I transmembrane
protein belonging to the family of TNF/nerve growth factor (NGF) receptors and has a broad
distribution in vivo. In rodent testes, FasL is constitutively expressed in Sertoli cells, and Fas
is located in selected germ cells (10).
Ethanol is among the most widely abused drugs in the world, and chronic alcohol abuse
leads to testicular atrophy, feminization, and infertility in alcoholic men (14). Histological
examination of these patients demonstrates a marked reduction in seminiferous tubular
diameter accompanied with a loss of germ cells (14). The mechanisms of this injury were
previously studied. In one mechanism, ethanol metabolism produces oxidative stress within
the testes (15); alternatively, ethanol exposure changes either testosterone (16) or esterone
levels (17). In addition, Zhu et al showed that ethanol exposure adversely affects the secretory
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function of Sertoli cells (18), and their recent research revealed enhanced apoptosis within the
testes after chronic ethanol exposure (19). However, it is still not clear how ethanol can lead
to testicular injury. Jankala et al demonstrated that the expression levels of FasL and p53 were
enhanced after chronic ethanol exposure (20); however, no further evidence was provided.
We have previously generated a model of transgenic mice ubiquitously expressing human
FasL. Human FasL is known to show 76.7% amino acid sequence similarity with murine
FasL. Furthermore, crossinteractions between human Fas/FasL and murine Fas/FasL induce
apoptosis at the same efficiency (21). In this study, we used this FasL-overexpressing
transgenic model to evaluate the functional importance of FasL in the regulation of germ cell
apoptosis in the testes after chronic ethanol exposure.

SUBJECTS AND METHODS
Animals
FasL-overexpressing transgenic mice and wild-type littermates were got form Model Animal
Research Center of Nanjing University. Adult mice (ages 3–4 months, matched sexes) were
used for all experiments. TG, as used throughout this manuscript, refers to homozygotes with
the FasL transgene (Tg2 in reference 20), whereas WT (wild-type) refers to littermate mice
without the FasL transgene. Mice were housed in plastic mouse cages (< 4 mice per cage)
with free access to standard rodent chow and water. The colony room was maintained at
22.2°C with a 12-h:12-h light:dark cycle. WT and TG mice were fed 20% (v/v) ethanol
solution for 12 weeks, whereas control mice received the same volume of saline feeding.
Mice were sacrificed, and the testes were removed after the final week of treatment. All the
experimental protocols were performed in compliance with the National Institutes of Health
guidelines for the care and use of animals and were approved by the local Animal Care and
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Use Committee.
Flow cytometry analysis
Single-cell suspensions of testicular cells were prepared by mechanical isolation and
subsequently filtered through a hole density optimized nylon fiber. Samples were treated with
0.168 M NH4Cl to lyse erythrocytes and washed with 200 mL phosphate-buffered saline (PBS)
twice. The cells were then blocked with 1% bovine serum albumin (BSA) in PBS for 20 min
on ice, incubated with 1:100 rabbit anti-FasL antibodies (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) or rabbit serum as background control for 1 h. Cells were then washed with
PBS three times and subsequently exposed to fluorescein isothiocyanate (FITC)-conjugated
anti-rabbit IgG goat polyclonal antibodies (Santa Cruz Biotechnology) in the dark for 1 h.
After three washes in PBS, samples were analyzed with a FACScan (Becton Dickinson, CA,
USA) to determine the expression of FasL. Data were processed using a Hewlett Packard
computer (Palo Alto, CA, USA). For propidium iodide (PI)-based flow cytometry, cells were
stained with 100 mL of 50 mg/mL PI in 300 mL PBS (1 h on ice in the dark) and then
measured by fluorescence-activated cell sorting (FACS), as described above for relative PI
fluorescence (FL-2).
Western blot analysis
Animals were sacrificed by cervical dislocation, and testes were removed. Each tissue sample
was homogenized in approximately 20 volumes of buffer using a tissue protein extraction kit
(Thermo Scientific) and cleared by centrifugation at 10000 × g for 5 min to produce a protein
extract. The protein content of the preparation was then determined using a BCA kit (Pierce)
with BSA as a standard. Equal concentrations of each sample (50 mg protein) were mixed
with the loading buffer, and proteins were then boiled at 100°C for 5 min, separated by
sodium dodecyl sulfate polyacrylamide gel electrophoresis on 10% gradient gels, and
electrophoretically transferred onto nitrocellulose membranes. For staining, the membranes
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were blocked for 1 h in TBST with 5% milk, incubated with a 1:100 dilution of rabbit
anti-FasL antibodies (Santa Cruz Biotechnology) at 4°C overnight, and subsequently exposed
to horseradish peroxidase-conjugated anti-rabbit IgG goat polyclonal antibodies (Santa Cruz
Biotechnology). Between each step, the membrane was washed with TBST three times for 10
min each. Bands were visualized with DAB according to the manufacturer’s instructions.
Histopathology
Paraffin-sections were prepared as described above and stained with hematoxylin and eosin
according to standard protocols. Sections were then examined and photographed under a
Leica microscope.

RESULTS
Upregulation of FasL in testes after chronic ethanol exposure
First, we examined the expression of FasL protein in the testes after chronic ethanol exposure.
FITC-conjugated flow cytometry analysis showed that after the subtraction of the background
control, the percentage of FasL-positive cells was 3.91% in the testes of saline-fed WT
control mice, but was increased to 9.46% in the testes of ethanol-fed WT mice (Fig. 1A, 1C).
Therefore, FasL-positive cells were increased by 5.55% in mouse testes induced by ethanol.
In addition, western blotting analysis revealed that the band of 31 kDa FasL was very weak in
the testes of saline-treated mice, whereas a very clear single band of FasL was detected after
chronic ethanol exposure (Fig. 2A). These results suggested the expression of FasL protein in
the testes was enhanced after chronic ethanol exposure. We also measured the expression in
TG mice and observed a higher intensity of FasL expression (Fig. 2B), indicating that FasL
was overexpressed in the testes of transgenic mice.
Determination of the relative DNA content of apoptotic nuclei (which were
5

Germ Cell Apoptosis Induced by Chronic Ethanol

hypodiploid due to loss of fragments) by PI staining and cytofluorimetric analysis is a more
sensitive way to demonstrate apoptotic cell death (22). As shown in Fig. 3, ethanol-treated
WT mice displayed increased apoptotic cells compared with saline-treated WT mice.
Transgenic mice also showed slightly more apoptotic cells than their wild-type littermates,
which may underlie the slight alterations in testicular morphology in transgenic mice.
However, the percentage of apoptotic cells in TG mice (16.22%) was significantly greater
than that in WT mice (9.46%) after ethanol exposure. After ethanol injection (1/day), more
cells undergoing apoptosis were detected in both WT and TG mice, whereas TG mice showed
more significant apoptosis (20) (Fig. 3B). After chronic ethanol exposure, WT mice showed
normal testicular morphology (Fig. 3A), whereas TG mice displayed severe injury of
spermatogonia and spermatocytes.

DISCUSSION
Bcl-2 family proteins (23) and p53 (24) are known to be important in the regulation of germ
cell apoptosis. The Fas system is also a key regulator of germ cell apoptosis in the testes (10),
and upregulation of FasL has been reported in toxicant-induced testicular germ cell apoptosis
(25, 26). In addition, numerous studies have shown that apoptosis is an important mechanism
through which ethanol causes tissue injury (27, 28). Recently, Zhu et al showed that apoptosis
is an important mechanism through which ethanol causes tissue injury by demonstrating the
enhancement of apoptosis by chronic ethanol exposure in testicular germ cells and through
measurement of the expression of some apoptosis-related proteins, such as Bcl-2, p53, and
FasL (19). While this paper was being written, Eid et al suggested that the Fas system may be
involved in germ cell apoptosis in rats treated with chronic ethanol for 12 weeks (29).
However, until now, no direct evidence has demonstrated that FasL leads to ethanol-induced
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testicular germ cell apoptosis. In this paper, we showed that induction of testicular germ cell
apoptosis after acute ethanol exposure is associated with increased FasL using a transgenic
mouse model. Furthermore, we observed severe injury in spermatocytes in some regions and
degenerative changes in the epithelial component of the tubules in transgenic mouse testes
after acute ethanol exposure. Thus, the background expression of FasL may be directly
correlated with the sensitivity of testes to ethanol, indicating that the expression level of FasL
could be an important factor for evaluating the risk of tissue damage by ethanol.
This result also could be used to explain (at least in part) the different sensitivities to
ethanol-induced tissue damage in human subpopulations. Notably, in certain tissues in
FasL-overexpressing transgenic mice, slightly vacuolated spermatogenic epithelium of
seminiferous tubules with expanded lumen was observed in the testes using hematoxylin and
eosin staining (Fig. 3), consistent with Hu et al findings (30). We assumed that this damage
could have resulted from enhanced apoptosis because of human FasL expression, and this
assumption was supported in the present study. PI staining showed that transgenic mice
displayed slightly but significantly more apoptotic cells than WT mice (Fig. 1A–D).
Moreover, we directly demonstrated that FasL participated in the apoptosis of testicular germ
cells after chronic ethanol exposure using FasL-overexpressing transgenic mice.

CONCLUSION
In the present study, the transgenic mouse model ubiquitously overexpressing human FasL
was applied to investigated whether Fas ligand played a role in ethanol-induced testicular
germ cell apoptosis. After ethanol injection, WT mice displayed upregulation of Fas ligand in
the testes, as demonstrated by fluorescein isothiocyanate-conjugated flow cytometry and
western blotting. Moreover, TG mice exhibited significantly more apoptotic germ cells than
7
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did WT mice after ethanol injection, as shown by DNA fragmentation, propidium iodide
staining flow cytometry, and terminal deoxynucleotidyl transferase dUTP nick-end labeling
assays. In addition, histopathological examination revealed that degenerative changes in the
epithelial component of the tubules occurred in FasL overexpressing transgenic mice, the
result suggested that FasL expression determined the sensitivity of the testes to ethanol in
mice. In summary, we provided direct evidence demonstrating that Fas ligand mediated
apoptosis in testicular germ cells induced by acute ethanol using FasL transgenic mice.
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Table 1: Germ cells apoptosis between the WT and transgenetic mice
Control Treatment (12 weeks)
WT

3.91%

9.46%

TG

6.90%

16.22%

13

Germ Cell Apoptosis Induced by Chronic Ethanol

Fig. 1: Flow cytometry analysis of apoptosis in the testes of wild-type and transgenic mice
after ethanol feeding for 12 weeks by PI staining. The percentages of apoptotic cells in all
testes cells are indicated by the cursor. n = 3 mice were individually analyzed in two separate
experiments for each group (p < 0.05).

Fig. 2: The expression of FasL protein in the testes after ethanol feeding. Western blot
analysis showed that FasL protein was increased in the testes after ethanol feeding. Lane A:
wild-type mice after ethanol feeding, lane B: transgenic mice, lane C: wild-type mice with
saline injection as a control. n = 3 for each group.
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Fig. 3: Testicular histopathology induced by ethanol. Note expanded lumen in TG mice and
degenerative changes in the epithelial component of the tubules in TG mice compared with
wild-type mice after ethanol exposure. (C): WT+ethanol, (D): TG+ethanol. n = 5 in each
group.
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Short title: Germ Cell Apoptosis Induced by Chronic Ethanol

Synopsis: The present study mainly carried on chronic effects on FASL transgenic mice. In
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this study, TUNEL, flow cytometry and western blot techniques were applied directly to
investigate the influence of ethanol on mammalian animal testis. After treatment by ethanol,
there exists irreversible apoptosis on germline cells in testis especially in transgenic mice
testis. There is no doubt that the present study provides the vigorous evidence of chronic
influence on germline cells.
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