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Multinucleated cells are involved in normal
development and apoptosis in mouse testes
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Abstract. Multinucleated cells are present in impaired
spermatogenesis and in the senescent testis. Following accumu-
lating evidence from our previous studies on the identification
of multinucleated cells during normal testicle development,
the current study further investigated the possible mechanism
and role of these multinucleated cells. Healthy male Kunming
mice were used in the present study. The association between
multinucleated cells and cell apoptosis were analyzed using
TUNEL analysis and immunohistochemistry. The results
showed that multinucleated cells are widespread in the
testicular tissue of seminiferous tubules on postnatal days 23,
217, 30, 33, 36, 40, 47, 50 and 54 suggesting that these cells are
involved in the process of normal development of mouse testis.
Histochemical analysis revealed a lack of proliferating cell
nuclear antigen, cyclin D1 protein expression in multinucle-
ated cells, suggesting that these cells are not involved in the G1
and S phases of the cell cycle and cell proliferation. Increased
expression of Bax and caspase 3 was detected, revealing that
multinucleated cells may be associated with cell apoptosis
during testicular development. To the best of our knowledge,
this study demonstrated for the first time that multinucleated
cells are present during normal testicular development and
may be associated with spermatogonial stem cell apoptosis.
Therefore, multinucleated cells may be important in the sper-
matogenesis process.
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Introduction

Spermatogenesis is composed of three phases, mitosis, meiosis
and spermiogenesis, through which spermatogonial stem cells
(SSCs) self-renew and differentiate into sperm. To maintain
normal homeostasis, the balance between self-renewal and
differentiation of SSCs must be closely regulated. Increasing
evidence has revealed that the processes of maintenance and
self-renewal of SSCs and testicular development are regulated
by a variety of factors and involves the participation of multiple
genes (1,2).

Multinucleated cells are present in a variety of sites and
in association with several conditions. Coenocytes have been
identified in specific pathological processes, including cells
affected by chemicals, drug injury or exposure to adverse
factors, including thermal or mechanical damage (3-9).
However, the involvement of multinucleated cells in normal
testicular development requires further clarification. However,
the appearance of multinucleated cells in normal testicular
development processes has not been reported.

In the present study, the possible mechanism and role of
multinucleated cells in normal testicular development was
investigated. Results revealed that multinucleated cells occur
during the mouse testicular development process. To explore
the mechanism of the occurrence of multinucleated cells in
testicular development, the expression of cell proliferation- and
apoptosis-related proteins, including proliferating cell nuclear
antigen (PCNA), cyclin DI, caspase 3 and Bax was detected
in multinucleated cells of mouse testicle tissue (day 30 and 33
following birth).

Materials and methods

Animals. Experiments were conducted following the Guide
for Care and Use of Laboratory Animals (NIH Guide).
Protocols for the use of animals were approved by the
Department of Laboratory Animal Sciences (Kunming
Medical University, Kunming, China). Experimental healthy
male Kunming mice were purchased from the Laboratory
Animal Center of Kunming Medical University and were
divided into the following groups: postnatal day 1, 4, 8, 11,
15, 20, 23,27, 30, 33, 36, 40, 43, 47, 50, 55 and 57 (n=5).
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Reagents. In situ cell apoptosis detection kit and antibodies
against PCNA, cyclin D1, caspase 3 and Bax were purchased
from Fuzhou new biotechnology company (Fuzhou Maxim,
Fuzhou, China). All other reagents were from Sigma-Aldrich
(St. Louis, MO, USA) unless otherwise stated.

Histological analysis. Testes were obtained from mice sacri-
ficed by cervical dislocation and fixed in 10% formaldehyde,
dehydrated in ascending concentrations of ethanol (70-100%),
embedded in paraffin and cut into 3-ym sections using a
microtome (RM2125RT, Leica Microsystems Trading Ltd.,
Shanghai, China), mounted and stained with hematoxylin and
eosin (H&E).

TUNEL analysis. Sections of postnatal days 30 and 33 testes were
incubated at 60°C in the oven for 40 min. Following dewaxing
with two washes of xylene, 1 ml 100% ethanol was added to
remove residual xylene. The sections were then rehydrated with
95, 85, 70 and 50% ethanol for 3 min at room temperature and
then rinsed with PBS. Sections were incubated with pepsin for
15 min at room temperature. Following two 2-min PBS Tween-20
rinses, sections were incubated in 50 pl alkaline phosphatase
antibody at 37°C for 30 min. Sections were washed with PBS
three times and incubated for 20 min at room temperature with
5-bromo-4-chloro-3-indolyl phosphate/nitro blue tetrazolium
solution. Following rinsing with PBS three times, sections were
labeled with nuclear fast red for 15 min. These sections were
visualized under an Olympus inverted microscope (Olympus
Corporation, Tokyo, Japan) and representative images were
captured. In situ detection of apoptosis-positive cells appeared
purple or dark purple and negative cells appeared pink.

Immunohistochemistry. Sections of postnatal day 30 and 33
testes were incubated at 60°C in the oven for 40 min. Following
dewaxing with two washes of xylene, 1 ml 100% ethanol was
added to remove residual xylene. The sections were rehydrated
with 95, 85, 70 and 50% ethanol for 3 min at room temperature
and rinsed with PBS. Tissue sections were soaked in distilled
water to prepare for use. Following antigen retrieval using citrate
buffer at high temperature and high pressure, sections were
incubated with 50 pl 3% H,0O, solution at room temperature for
10 min to block endogenous peroxidase activity. Sections were
then rinsed with PBS three times and non-specific binding was
blocked with normal goat serum. Incubation with the primary
antibodies was performed at room temperature for 60 min.
Sections were washed with PBS three times, incubated with
MaxVision™ rapid immunochemistry reagent (Fuzhou Maxim)
for 15 min at room temperature, washed again and incubated in
0.03% (w/v) 3,3'-diaminobenzidine with 0.003% (v/v) hydrogen
peroxide until a brown reaction product was observed.

Quantification of multinucleated cell variety in mouse age
groups. Five slides were counted from each group under
a microscope. To quantify the percentage of seminiferous
tubules containing multinucleated cells, six fields of vision
were randomly selected under magnification, x200. Following
this, 20 seminiferous tubules containing multinucleated cells
were selected and the number of multinucleated cells was
counted under magnification, x400. Results were presented as
mean + SEM.
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Results

Histological analysis. Multinucleated cells were not present
in the seminiferous tubules at postnatal days 1, 4, 8, 11, 15, 20
and 43 in mouse testicular tissue. In seminiferous sections of
tubules in mouse testicular tissues at day 23, 27, 30, 33, 36, 40,
47, 50 and 54, multinucleated cells were observed by a collec-
tion of multiple nuclei close to the lumen. The numbers ranged
between several and one dozen and the nuclei were as small as
the secondary spermatocytes and sperm nucleus and arranged
in piles or as a flower ring (Fig. 1).

Immunohistochemistry. PCNA protein immunopositive signal
was detected in all seminiferous tubules in postnatal day 30
and 33 mouse testis. PCNA-positive cells were found on
the first and second layers of the seminiferous tubules wall.
Combined with the results of H&E staining and judged by cell
morphology, the positive cells were reported to be spermato-
gonia and primary spermatocytes. No positive signals were
identified in multinucleated cells (Fig. 2A).

Cyclin D1 protein immunopositive signal was detected in a
small number of seminiferous tubules of day 30 and 33 mouse
testis. Cyclin D1-positive cells in the seminiferous tubules
were located in the first layer of the wall and the positive cells
were part of spermatogonial cells. No positive signals were
found in multinucleated cells (Fig. 2B).

A marked immunopositive signal of Bax protein was
detected in all seminiferous tubules of day 30 and 33 mouse
testis. Bax-positive cells located between layers 1 and 6 had
strong immunoreactive signals and were also found in multi-
nucleated cells. The positive cells may be spermatogonia,
primary spermatocytes, secondary spermatocytes, round
spermatids and multinucleated cells (Fig. 2C).

Caspase 3 protein immunoreactive signal was detected in a
small number of seminiferous tubules in day 30 and 33 mouse
testis. Caspase 3-positive cells were scattered in each layer
of the seminiferous tubules and a marked immunoreactive
signal was detected in multinucleated cells. Cell morphology
revealed that the positive cells were multinucleated cells, sper-
matogonia, primary spermatocytes, secondary spermatocytes
and round spermatids (Fig. 2D).

In situ cell apoptosis detection. In day 33 testicular tissue,
spermatogonia, primary spermatocytes, secondary spermato-
cytes and sperm cells exhibited a strong apoptotic signal and
were detected in seminiferous tubules. Multinucleated cells
did not reveal a positive apoptotic signal (Fig. 3).

Quantification of multinucleated cells. The ratio of the semi-
niferous tubules containing multinucleated cells in mouse
testis indicated that the rates from days 1 to 20 were O (Table I
and Fig. 4). The appearance of multinucleated cells in mouse
testis seminiferous tubules began at day 23 and the rate was
maintained at an elevated level between days 23 and 33. It
began to decline at day 36 and remained at a lower level in the
cell phases that followed (Table I and Fig. 4). Quantification
of multinucleated cells in the seminiferous tubules indicated
that multinucleated cell numbers peaked at day 33 and were
maintained at a relatively stable state in the remaining phases
(Table I and Fig. 5).
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Table I. Quantification of multinucleated cells of mouse testis from various age groups.

Age of the mouse Ratio of seminiferous tubules Ratio of number of multinucleated
(postnatal days) containing multinucleated cells cells in seminiferous tubules
(mean + SEM) (mean = SEM)
1 0 0
4 0 0
8 0 0
11 0 0
15 0 0
20 0 0
23 0.38+0.055 2.20+0.515
27 0.25+0.030 1.30+0.335
30 0.28+0.005 2.10+0.280
33 0.32+0.010 4.90+0.595
36 0.10+0.015 2.80+0.770
40 0.12+0.010 1.80+0.315
43 0 0
47 0.02+0.020 1.67+0.285
50 0.02+0.015 2.00+0.705
54 0.08+0.035 1.80+0.390
57 0 0

Figure 1. H&E staining results of multinucleated cells in seminiferous tubules of mouse testis at various developmental stages (magnification, x200). Days
(A) 23, (B) 27, (C) 30, (D) 33, (E) 36, (F) 40, (G) 47, (H) 50 and (I) 54. Arrows show multinucleated cells. H&E, hematoxylin and eosin.

Discussion primarily in pathological processes (10). To the best of our

knowledge, the present study has, for the first time, shown that
The current study evaluated multinucleated cell appearance  during normal development of the mouse testis, multinucle-
and potential roles during normal testicular development. ated cells appeared in sections of the seminiferous tubules at
Multinucleated cells have been described as being present  postnatal days 23, 27, 30, 33, 36, 40, 47, 50 and 54, suggesting
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Figure 2. Immunostaining results of multinucleated cells in seminiferous tubules of mouse testis (magnification, x200). (A) PCNA, (B) cyclin D1, (C) Bax and
(D) caspase 3. Arrows indicate multinucleated cells. PCNA, proliferating cell nuclear antigen.

Figure 3. In situ apotosis detection of multinucleated cell apoptosis in day 33
mouse testis seminiferous tubules (magnification, x200). Arrows show mul-
tinucleated cells.

that multinucleated cells exist in various stages of the normal
developmental process in mouse testis. Given this phenom-
enon, it is hypothesized that multinucleated cells appear in
pathological processes and in normal testicular development.
Multinucleated cells were identified between postnatal days
23 and 33 and peaked at day 33. The first development and matu-
ration time of the Kunming mouse spermatogenic cell occurs
~5-weeks following birth (11), suggesting that the peak of the
multinucleated cells occurred prior to the first maturity period
of the sperm cell. Multinucleated cells were first observed at
postnatal day 23 in the center of the seminiferous tube cavity
with similar nucleus size as secondary spermatocytes and
spermatids. Our previous study revealed that secondary sper-
matocytes and a small number of round spermatids may first
be observed on postnatal day 23 in the seminiferous tubules of

the mouse (12). Therefore, given the time, location and nuclear
morphology, these multinucleated cells may be derived from
the secondary spermatocytes and spermatids.

Following this, the potential role of multinucleated cells
during mouse testicular development was investigated.
Spermatogenesis is the process by which SSCs self-renew and
differentiate into sperm. The role of multinucleated cells in
SSC proliferation and differentiation was analyzed. During
the cell cycle, cyclin D1 combines with cyclin-dependent
kinase (CDK) 4 or CDK®6 to phosphorylate downstream reti-
noblastoma protein (RB) and its associated proteins, P107 and
P130. Phosphorylated RB may relieve inhibition of the E2F
transcription factor and initiate DNA replication, driving the
cell cycle from GI1 to S phase (13,14). In the present study,
cyclin DI was expressed in the spermatogonia. Expression of
cyclin D1 during active cell cycle is consistent with its role in
promoting the transition of the cell cycle from G1 to S phase.

PCNA is a cofactor in eukaryotic DNA polymerase 0,
which plays a role in the S phase of DNA synthesis and repair
and indicates cell proliferation (15). In the current study, PCNA
was expressed in spermatogonia and primary spermatocytes,
consistent with a previous study by Zhang et al which demon-
strated that PCNA plays a role in spermatogonia and primary
spermatocytes of the DNA replication process (16).

Immunostaining revealed no positive immune signals in
multinucleated cells, indicating that cyclin D1 and PCNA was
not expressed in these cells. The observations indicated no
physiological and biochemical activities of the G1 or S-phase
appearing within the cells with no DNA replication occurring.
Therefore, it was hypothesized that multinucleated cells are
not involved in the cell cycle and the cell proliferation process.

In typical spermatogenesis, spermatids undergo prolif-
eration and degradation, the latter is achieved mainly through
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Figure 4. Ratio of seminiferous tubules containing multinucleated cells in normal mouse testis development.
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Figure 5. Number of multinucleated cells in seminiferous tubules during mouse testis development.

apoptosis. Apoptosis of spermatogenic cells ensures the quan-
tity and quality of spermatogenic cell survival (17).

Bax is an apoptosis-inducing factor, mainly located in
the cytoplasm when apoptosis occurs. Bax inserts into the
mitochondrial membrane causing cytochrome c release from
the cytoplasm which induces apoptosis in spermatogenic
cells (18,19). Immunostaining revealed that the Bax protein
immunoreactive signal was detected in specific spermato-
gonia, primary spermatocytes, secondary spermatocytes and
round spermatids. This is consistent with a previous study by
Rodriguez et al which revealed that prior to normal mouse
testis maturation, a temporary elevated expression stage of
the Bax gene was noted (20). Findings of a study by Beumer
et al showed that all cell types expressed Bax protein in mouse
testes (21).

Caspase 3 is a important apoptosis effector in the middle
and later phases of apoptosis (22,23). Immunostaining results
of the present study revealed that caspase 3 was expressed in
individual spermatogonia, primary spermatocytes, secondary
spermatocytes and round spermatids. In situ apoptosis detec-

tion indicated that a small number of spermatogenic cells
appear to undergo apoptosis. This observation confirms that,
compared with Bax, caspase 3 expression is consistent with
apoptosis of spermatogenic cells in terms of time and space.

Immunostaining also revealed immunoreactive Bax and
caspase 3 signals in the nuclei of multinucleated cells, indi-
cating that Bax and caspase 3 are involved in the formation
and apoptosis of multinucleated cells. Thus, multinucleated
cells may be associated with apoptotic processes.

However, the observations from in situ apoptosis detection,
performed during the same period, failed to produce a posi-
tive apoptotic signal in multinucleated cells, indicating that
apoptotic events did not arise in multinucleated cells. Further
investigation is required to determine whether apoptosis
occurs later following the expression of apoptosis-associated
genes or whether expression of these genes does not result in
apoptosis in these cells.

In summary, this study has to the best of our knowledge
demonstrated, for the first time, that multinucleated cells are
present during normal testicular development and may be
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associated with SSC apoptosis. Therefore, multinucleated cells
may be important in the spermatogenesis process.
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