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University Animal Center. This study was supported by the University’s 
Institutional Animal Care and Use Committee. Mice testis tissues were 
collected at different postpartum times (P5‑P14 weeks).

Animal model construction
C57  male mice with 5  weeks old were randomly distributed to 
experimental group and control group. Twenty cases of mice 
in an experimental group were treated with the mixture of 
busulfan (30 mg kg−1) and dimethyl sulfoxide (DMSO) by intraperitoneal 
injection, and twenty cases of mice in the control group were treated 
with the same volume of DMSO solution. Five cases of mice in 
experimental group and control group were respectively anesthetized 
each week after the single injection of busulfan. Some fresh testis tissues 
were stored in a refrigerator at −80°C. Others were fixed with Bouin’s 
solution for 12 h, dehydrated with xylene and embedded in paraffin. 
The sections of testis tissues were deparaffinized, rehydrated and stained 
with Hematoxylin-eosin (HE) for histological analysis.

Quantitative reverse transcription PCR (qRT‑PCR)
Total RNA was extracted from frozen testis tissues by using Trizol 
reagent  (TAKARA, Japanese) and reversely transcribed into cDNA 
using Reverse Transcription System (TAKARA, Japanese). The PCR 
analysis of gene expression was quantitatively tested using the SYBR 
Green RT‑PCR Kit  (TAKARA, Japanese). The primer sequences of 
caspase 3 were  (F) 5’‑AGGAGGGACGAACACGTCT‑3’ and  (R) 
5’‑CAAAGAAGGTTGCCCCAATCT‑3’. The primer sequences of 
caspase 6 were  (F) 5’‑AGGAGGGACGAACACGTCT‑3’ and  (R) 

INTRODUCTION
Caspase 7, a member of effector caspases (caspase 3, 6, 7), is involved in 
apoptosis and inflammation.1,2 Caspase 7 is supposed to be functionally 
redundant with caspase 3, which can be directly activated by caspase 9 to 
induce the cleave of cellular substrates during apoptosis.3–6 However, recent 
studies demonstrate that caspase 7 and caspase 3 have distinct functions.7,8 
For example, caspase 7 knockout mice display normal eye lenses, whereas 
caspase 3 knockout mice result in marked cataracts at the anterior lens 
pole.9 Meanwhile, nonapoptotic functions of caspases have been reported.10 
The nonapoptotic functions of caspase 3 are observed in bone marrow stem 
cells and odontogenic epithelial cells.11,12 The nonapoptotic functions of 
caspase 7 are found in tooth development, which play important roles in the 
differentiation of cells during odontogenesis.13,14 Moreover, the activated 
form of caspase 7 is presented in a number of bone cells, but it is not in 
connection with apoptosis.15 Thus, these studies suggest that caspase 7 
has an apoptotic and nonapoptotic function. However, the nonapoptotic 
function of caspase 7 is rarely reported.

Recent studies report that caspase signal pathways are relative to the 
apoptosis of germ cells.16,17 However, whether the function of caspase 
7 is involved in spermatogenesis remains unknown. This study mainly 
aimed to investigate the potential functions of caspase 7 during normal 
and abnormal spematogenesis.

MATERIALS AND METHODS
Animal
All C57 male mice were purchased and raised in Southern Medical 
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Recent studies have reported that caspase 7 has an apoptotic and nonapoptotic function. However, the relationship between caspase 
7 and spermatogenesis remains unknown. This study aimed to investigate the possible function of caspase 7 during normal and 
abnormal spermatogenesis. The cleaved form of caspase 7 was detected in testis tissues at different postpartum times (5–14 weeks) 
by qRT‑PCR, Western blot and immunohistochemistry (IHC). Then, the mice models of spermatogenic dysfunction were obtained by 
busulfan (30 mg kg−1) to further evaluate the potential function and mechanism of caspase 7. qRT‑PCR and Western blot results 
showed that caspase 7 expression was gradually elevated from 5 to 14 weeks, which was not connected with apoptosis. IHC results 
revealed that caspase 7 was mainly located in spermatogenic cells and Leydig cells. In addition, spermatogenic dysfunction induced 
by busulfan gradually enhanced the apoptosis and elevated the expression of caspase 3, caspase 6, and caspase 9, but decreased 
the expression of caspase 7 in spermatogenic cells. However, when spermatogenic cells were mostly disappeared at the fourth 
week after busulfan treatment, caspase 7 expression in Leydig cells was significantly increased and positively correlated with the 
expression of caspase 3, caspase 6, and caspase 9. Therefore, these results indicate that caspase 7 has a nonapoptic function 
that participates in normal spermatogenesis, but also displays apoptotic function in spermatogenic dysfunction.
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5’‑CAAAGAAGGTTGCCCCAATCT‑3’. The primer sequences of 
caspase 9 were  (F) 5’‑AGGAGGGACGAACACGTCT‑3’ and  (R) 
5’‑CAAAGAAGGTTGCCCCAATCT‑3’. The primer sequences 
of caspase 7 were  (F) 5’‑GGACCGAGTGCCCACTTATC‑3’ 
and  (R) 5’‑TCGCTTTGTCGAAGTTCTTGTT‑3’.  GAPDH 
was used as internal control,  and the primer sequences 
were  (F) 5’‑AGGTCGGTGTGAACGGATTTG‑3’ and  (R) 
5’‑TGTAGACCATGTAGTTGAGGTCA‑3’. All primers were purified 
and synthesized by the BGI Company (Shenzhen, China). Real‑time 
PCR cycle conditions were: one cycles of 95°C for 30 s, 40 cycles of 
95°C for 5 s, and 60°C for 34 s.

Western blot analysis
Total protein was extracted from frozen testis tissues using RIPA 
buffer (1% NP‑40, 0.1% sodium dodecyl sulfate, 5 mmol l−1 EDTA, 
0.5% sodium deoxycholate and 1 mmol l−1 sodium orthovanadate) 
and protease inhibitors. Protein concentration was quantified by the 
bicinchoninic acid method. Protein lysates (50 μg) were separated by 
using 12% SDS‑PAGE and electrotransferred to the polyvinylidene 
difluoride (PVDF) membranes (Biosharp, USA). Then, the membranes 
were blocked in PBST solution and incubated with polyclonal 
anti‑caspase 7 (Dilution: 1:500, Bioworld Technology, USA, catalog 
numbers: BS3532) and anti‑Tubulin (Dilution: 1:1000, Cell Signaling 
Technology, USA, catalog numbers: 15115) overnight at 4°C. Finally, 
the membrane was incubated with appropriate second antibody and 
visualized using enhanced chemiluminescence detection kit (Alpha 
Innotech, USA).

Immunohistochemical staining and evaluation criteria
All testis tissues were fixed with Bouin’s solution for 12 h, dehydrated 
and embedded in paraffin. Two micrometer‑thick deparaffinized 
sections were deparaffinized, rehydrated and quenched with 3% 
hydrogen peroxide, and antigenicity was repaired by 0.01 mol l−1 
sodium citrate buffer (pH 6.0). Caspase 7 polyclonal antibody (Dilution: 
1:100, Bioworld Technology, USA, catalog numbers: BS3532), caspase 
3 polyclonal antibody (Dilution: 1:100, Bioworld Technology, USA, 
catalog numbers: BS6428), caspase 6 polyclonal antibody (Dilution: 
1:100, Bioworld Technology, USA, catalog numbers: BS6861) and 
caspase 9 polyclonal antibody (Dilution: 1:100, Bioworld Technology, 
USA, catalog numbers: BS1388) were incubated at room temperature 
for 2 h. Then, the sections were treated with the second antibody at 
room temperature for 30 min. Finally, the sections were visualized by 
diaminobenzidine (DAB) and stained with hematoxylin. Fetal bovine 
serum (FBS) was used to replace the primary antibody and served as 
negative control. The sections with confirmed positive expression of 
caspase 7, caspase 3, caspase 6, and caspase 9 were treated as positive 
controls. Positive expression of caspase 7, caspase 3, caspase 6, and 
caspase 9 was stained as orange or brown in the nuclear and/or 
cytoplasm of cells. Higher intensity staining represented a higher level 
of immunoexpression.

TUNEL assay
All testis tissues were fixed with Bouin’s solution for 12 h, dehydrated 
and embedded in paraffin. Two micrometer‑thick deparaffinized 
sections were deparaffinized, rehydrated and quenched with 1% 
proteinase K (20 mg ml−1) at 37°C for 30 min. Then, sections were 
washed with PBS and incabuted with TUNEL mix (45 μl Equilibration 
Buffer, 1.0 μl biotin‑11‑dUTP, 4.0 μl TdT Enzyme, and 50 μl reaction 
buffer) at 37°C for 60  min. After washing with PBS, the sections 
were stained with DAPI. Apoptotic cell were stained as red using 
fluorescence microscopy at 570 nm.

Statistical analysis
Statistical analysis was performed by SPSS software  (version  18.0; 
SPSS, Chicago, IL, USA). Independent samples t‑test was used to 
evaluate the difference between two groups. One‑way analysis of 
variance (ANOVA) was used for multiple comparisons. P < 0.05 was 
defined as statistically significant.

RESULTS
Caspase 7 is expressed in normal spermatogenesis
To investigate the relationship between caspase 7 expression and 
normal spermatogenesis, we detected the expression of caspase 7 in 
testis tissues at different postpartum times (5–14 weeks). qRT‑PCR and 
Western blot results showed that caspase 7 expression was gradually 
elevated from 5 to 14 weeks (Figure 1a and 1b). IHC results (Figure 1c) 
showed that positive caspase 7 expression was observed in the nuclear 
and cytoplasm of spermatogonia, spermatocyte, round spermatids, 
elongated spermatozoon, and Leydig cells. Positive expression of 
caspase 7 was also observed in the cytoplasm of Leydig cells. HE 
staining of testes demonstrated that the morphology and number 
of spermatogenic cells and Leydig cells were normal at postpartum 
times  (Figure  1d). To evaluate whether caspase 7 expression is 
correlated with apoptosis, we measured the mRNA level of caspase 3 
and caspase 9. Results demonstrated that caspase 3 and caspase 9 levels 
were gradually decreased from 5 to 14 weeks (Figure 1e), suggesting 
that apoptosis was not actived in testis tissues at postpartum times.

Caspase 7 expression correlates with spermatogenic dysfunction and 
germ cells apoptosis
To investigate whether caspase 7 correlated with spermatogenic 
dysfunction and germ cells apoptosis, we constructed mice 
models of spermatogenic dysfunction by busulfan. HE staining 
showed that spermatogenic cells in seminiferous tubules rather 
than Leydig cells were gradually disappeared at 4  weeks after 
busulfan treatment (Figure 2a), suggesting that the mice models of 
spermatogenic dysfunction was successfully obtained. Meanwhile, 
the morphology and number of spermatogenic cells and Leydig cells 
in control groups were normal, indicating that DMSO treatment 
did not impair normal spermatogenesis  (data not shown). IHC 
results revealed that caspase 7 expression in spermatogenic cells was 
gradually reduced after busulfan treatment  (Figure  2b). However, 
caspase 7 expression in Leydig cells did not significantly changed 
from 1 to 3 weeks after busulfan treatment (Figure 2b). Unexpectedly, 
caspase 7 expression in Leydig cells was markedly elevated at the 
fourth week after busulfan treatment (Figure 2b). Then, we detected 
the expression of caspase 7 in testis tissues by qRT‑PCR (Figure 2c) 
and Western blot (Figure 2d). The results demonstrated that caspase 
7 level was gradually reduced from 1 to 3 weeks. While caspase 7 level 
at the fourth week was significantly increased compared with those 
at the third week after busulfan treatment  (P  <  0.05). To evaluate 
whether caspase 7 correlated with the apoptosis of germ cells, we 
detected the levels of caspase 3, caspase 6, and caspase 9 in testis 
tissues by qRT‑PCR and IHC. qRT‑PCR results demonstrated that 
the mRNA levels of caspase 3, caspase 6, and caspase 9 were gradually 
increased after busulfan treatment (Figure 3a). Meanwhile, IHC results 
showed that the expression of caspase 3, caspase 6, and caspase 9 was 
significantly increased in testis tissues from 1 to 3 weeks after busulfan 
treatment (data not shown). Furthermore, when spermatogenic cells 
were mostly disappeared at the fourth week after busulfan treatment, 
the expression of caspase 3, caspase 6, and caspase 9 in testis tissues 
was still significantly greater compared with those controls (Figure 3b). 
Thus, these results indicated that the apoptosis in testis tissues was 
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persistently activated after busulfan treatment. To further validate our 
observations, we evaluated the apoptosis in testis tissues by TUNEL 
assay. As shown in Figure 4, the apoptosis in testis tissues was hardly 
detectable in control groups, indicating that the apoptosis was nearly 
inactivated in normal spermatogenesis. While the apoptosis in testis 
tissues was significantly enhanced from 1 to 4 weeks after busulfan 
treatment compared with matched control groups.

DISCUSSION
In this study, to investigate the potential functions of caspase 7 during 
spermatogenesis, we first detected the expression of caspase 7 in testis 
tissues at different postpartum times (5–14 weeks). The qRT‑PCR and 
Western blot results showed that caspase 7 expression was gradually 
elevated from 5 to 14  weeks. IHC results revealed that caspase 7 
was highly expressed in spermatogenic cells and Leydig cells. These 

Figure  3: Spermatogenic dysfunction induced by busulfan activates the 
expression of caspase 3, caspase 6 and caspase 9 in testis tissues. (a) The mRNA 
levels of caspase 3, caspase 6 and caspase 9 were detected by qRT‑PCR. (b) 
The protein levels of caspase 3, caspase 6 and caspase 9 were detected by 
IHC at the fourth week after busulfan treatment (×40). Scale bar = 50 μm.

b

a

Figure  2: Spermatogenic dysfunction induced by busulfan affects the 
expression of caspase 7 in testis tissues. (a) HE staining of testis tissues 
after busulfan treatment (×40). (b) Caspase 7 expression was detected in 
testis tissues by IHC after busulfan treatment (×40). (c) The mRNA level of 
caspase 7 in testis tissues was measured by qRT‑PCR. (d) The protein level of 
caspase 7 in testis tissues was measured by Western blot. Scale bar = 50 μm.
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b
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Figure  1: Caspase 7 expression participates in normal spermatogenesis. 
(a) Caspase 7 mRNA level was detected by qRT‑PCR. (b) Caspase 7 protein was 
detected by Western blot. (c) Caspase 7 protein was detected by IHC (×40). (d) 
HE staining of testis tissues at different postpartum times (×40). (e) The mRNA 
levels of caspase 3 and caspase 9 were detected by qRT‑PCR. Scale bar = 50 μm.
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observations suggested that caspase 7 might participate with normal 
spermatogenesis and affect the growth regulation of spermatogenic 
cells. However, it is well‑known that caspase‑mediated apoptosis plays 
important roles in normal spermatogenesis.18–21 Caspase 7 together 
with caspase 3 and caspase 6 are effector caspases that can be activated 

Figure 4: The apoptosis in testis tissues was evaluated by TUNEL assay (×20). 
White arrow indicated apoptotic cells.
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by initiator caspases (caspase 2, caspase 8, caspase 9 and caspase 10) 
to cause cell apoptosis.22 Thus, these results seemed to be hard to 
exclude the apoptotic function of caspase 7. Hence, we detected the 
expression of caspase 3 and caspase 9 that would be activated during 
apoptosis. Results demonstrated that caspase 3 and caspase 9 levels 
were gradually decreased in testis tissues from 5 to 14 weeks, suggesting 
that apoptosis was not activated during testis development. Meanwhile, 
results also suggested that the cleave of caspase 7 was not resulted from 
the activation of caspase 9. Furthermore, HE staining of testis tissues 
demonstrated that the morphology and number of spermatogenic 
cells were normal. Furthermore, TUNEL assay demonstrated that the 
apoptosis was nearly inactivated in normal spermatogenesis. Therefore, 
above observations indicated that caspase 7 exhibited nonapoptotic 
function that participated in normal spermatogenesis, which might be 
correlated with the growth regulation of spermatogenic cells.

Although several caspases have been found to be involved in the 
apoptosis of germ cells,16,17 the relationship between caspase 7 and 
germ cells apoptosis has never been reported. Then, we constructed 
the models of spermatogenic dysfunction by busulfan. Current studies 
have demonstrated that busulfan treatment can markedly cause the 
apoptosis of germ cells and impair normal spermatogenesis.23–25 In 
this study, our results also showed that normal spermatogenesis was 
gradually impaired at 4 weeks after busulfan treatment. TUNEL assay 
also demonstrated that the apoptosis in testis tissues was enhanced after 
busulfan treatment compared with matched control groups. Moreover, 
busulfan treatment induced the expression of caspase 3, caspase 6, 
and caspase 9 during the apoptosis. It is well‑known that caspase 7 
together with caspase 3 and caspase 6 are effector caspases that can 
be activated by initiator caspases (caspase 2, caspase 8, caspase 9, and 
caspase 10) to cause cell apoptosis.22 However, our results indicated 
that caspase 7 expression in spermatogenic cells was gradually reduced, 
but its expression in Leydig cells was not significantly changed 
from 1 to 3  weeks after busulfan treatment. Meanwhile, qRT‑PCR 
and Western blot results showed that caspase 7 expression in testis 
tissues was gradually decreased at 3 weeks after busulfan treatment. 
These results indicated that spermatogenic dysfunction induced by 
busulfan decreased the expression of caspase 7. Meanwhile, these 
observations also revealed that caspase 7 in spermatogenic cells was 
not combined with caspase 3, caspase 6, and caspase 9 to cause cell 
apoptosis, which further validated that caspase 7 had nonapoptotic 
function that participated in normal spermatogenesis. Furthermore, 
the nonapoptotic functions of caspase 7 were also found in molar tooth 
development, dental hard tissues formation, and osteogenesis.12–14 
Unexpectedly, when spermatogenic cells were mostly disappeared at 
the fourth week after busulfan treatment, IHC results revealed that 
caspase 7 expression in Leydig cells was significantly elevated, which 
was positively correlated with the expression of caspase 3, caspase 
6, and caspase 9. Furthermore, qRT‑PCR and Western blot results 
demonstrated that caspase 7 expression in testis tissues was increased at 
the fourth week. Thus, these results suggested that caspase 7 displayed 
apoptotic function in Leydig cells, which might be correlated with the 
stable activation of caspase 3, caspase 6, and caspase 9.

CONCLUSION
These results demonstrate that caspase 7 has a nonapoptotic 
and apoptotic function during spermatogenesis. Under normal 
circumstances, caspase 7 predominantly exhibits the nonapoptotic 
function that participates in normal spermatogenesis. While normal 
spermatogenesis is persistently impaired and spermatogenic cells 
are mostly disappeared, caspase 7 expression in Leydig cells may be 

activated by caspase 3, caspase 6, and caspase 9 to induce apoptosis. 
Thus, these findings suggest that the location of caspase 7 may impact 
on its function, which is similar with the recent reports.13–15 However, 
whether the cleaved form of caspase 7 in germ cells is inevitable during 
normal spermatogenesis remains unclear. Furthermore, whether the 
depletion of cleaved caspase 7 would lead to spermatogenic dysfunction 
remains unknown. Therefore, further investigation is needed to validate 
our findings.
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