Spontaneous sperm granuloma in the C57BL/6N mice

historical data are essential for interpreting results and
improving the reliability of animal experiments. However,
in the field of histopathology, spontaneous data, especially
on non-neoplastic lesions, for relatively younger mice
that are more frequently used in general research are not
yet abundant, in contrast to the data on neoplastic lesions
for older mice aged one year or more. Various types of
non-neoplastic lesions can also occur in healthy animals,
and their incidence and severity can be increased by
certain test items and experimental conditions [4]. Thus,
for more accurate histopathological analyses, spontaneous
changes should be determined precisely, and the pathologist
should be well aware of the different spontaneous
changes that occur according to the species and age of
the lab animal. For histopathological determination of
disease or toxic changes, the accumulation of data is
essential, because the basic data for spontaneous
histopathological lesions allow an appropriate examination
of the incidence and severity of the condition and
provide a crucial standard for accurate determination of
the changes caused by test items or conditions [4]. For
more reliable toxicological assessment and in vivo
research, the present study performed toxicological
pathology analyses of the major organs (liver, spleen,
kidney, thymus, heart, testis, epididymis) of 10- and 13week-old C57BL/6N mice, which are frequently used in
general short-term tests.

Materials and Methods
Animal experiment design

For the experiment regarding the effects on the animal
supplying facilities, 60 male mice of the C57BL/6N
strain were procured from each of two institutions: A
(from Korea) and B (from Japan). The mice were six
weeks old upon collection, and permitted an acclimation
period of 5 days to the laboratory environment before
being separated into 10-week-old (G1, G3) and 13week-old (G2, G4) autopsy groups, each containing 30
mice. The studies involving groups G1 and G2 were
performed one year prior to those involving G3 and G4.
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The design of the experimental groups is given in Table
1.
Each mouse was bred in a stainless steel breeding
cage, under the general experimental conditions of the
Good Laboratory Practice (GLP) animal facility. Given
that the purpose of the experiment was the accumulation
of historical data, the mice were provided ad libitum
food and drinking water without any handling procedures
such as injections until the terminal sacrifice day.
All animal experiments in this study were carried out
according to the standard operating procedures (SOPs)
approved by the Animal Protection Act of Republic of
Korea and the Guide for the Care and Use of Laboratory
Animals (by ILAR publication), after the acquisition of
IACUC approval and the relevant study numbers (Study
No. B215032, JB14049).
Terminal procedure and histopathological analysis

All mice used in the experiment were fasted for 4
hours on their corresponding final sacrifice day (the day
when the mice became approximately 10 or 13 weeks
old). Isoflurane was used for the deep sedation and
animals were sacrificed by exsanguination from the vena
cava and aorta, which was followed by external examination
of the abdominal, thoracic and cranial cavities. From
each sacrificed mouse, the weights of the major organs
—liver, kidney, heart, thymus, spleen, testis, epididymis
—were measured, after which each organ was fixed. The
testis and epididymis from each mouse were fixed in
Bouin’s fixative for 48 hours and transferred to a
solution of 70% ethanol. The rest of the organs were
fixed in 10% normal buffered formalin. The fixed tissues
of the organs were routinely processed to slides, stained
with hematoxylin and eosin (H&E), and examined
microscopically.
Historical data analysis affiliated institution

Among the experiments carried out in the affiliated
research institution, the data from the histopathological
tests of the epididymides were analyzed, and the results
were printed out and gathered using the path/tox system

Table 1. Study group design
Group

Sex

No. of animals

Strain

Terminal Age of animals

G1
G2
G3
G4

Male
Male
Male
Male

30
30
30
30

C57BL/6N (Institution A)
C57BL/6N (Institution A)
C57BL/6N (Institution B)
C57BL/6N (Institution B)

10 weeks
13 weeks
10 weeks
13 weeks
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(Version 4.2.2, Xybion Medical system Co., Lawrenceville,
NJ, USA) and Pristima (Version 6.4.0, Xybion Medical
System Co., Lawrenceville, NJ, USA). Among the
experiments carried out from 2014 until 2017, the data
from the histopathological tests on C57BL/6N, C3H/
Hen, Balb/cAnN, and ICR mice and Sprague-Dawley
(SD) rats were analyzed. Before the analysis, the data
were classified into two categories: animals that were 30
weeks old or younger and those that were older than 30
weeks.
Immunohistochemical (IHC) staining

After the H&E microscopic inspection, the epididymides
were used for serial sectioning and subsequent immunohistochemical staining, to histopathologically assess the
mechanism underlying the formation of sperm granulomas
caused by tubule injury. The tissue samples were stained
using the following antibodies: anti-high mobility group
box 1 (HMGB1, Thermofisher Scientific, Waltham,
MA, USA), anti-activated cysteine-dependent aspartatedirected proteases-3 (activated caspase-3, Abcam plc,
Cambridge, UK), anti-cleaved-poly(ADP-ribose)
polymerase (c-PARP, Abcam plc, Cambridge, UK), antimicrotubule-associated protein 1 light chain 3 beta
(LC3B, Abcam plc, Cambridge, UK), and anti-superoxide
dismutase 2 (SOD2, GeneTex, Irvine, CA, USA). The
1st antibody sources and concentrations were described
in Table 2. Immunohistochemical staining was carried
out using automated immunohistochemistry slide staining
system (Discovery XT, Ventana Medical System, Tucson,
AZ, USA). The antigen restoration for caspase-3
involved the citrate buffer and Tris buffer for HMGB1,
c-PARP, LC3B, and SOD2. All primary antibodies were
allowed to react for three hours, before the 16-minute
secondary reaction with the universal secondary antibody
(RUO, Ventana Medical System, Tucson, AZ, USA). 3,
3-Diaminobenzidine (DAB) was used for color
development before the microscopic examination of the
antibodies under a light microscope (Axioplan2, Zeiss,
Oberkochen, Germany). For the comparison with

C57BL/6N mice, the same procedures were used for
staining the epididymides from ICR and BALB/c nude
mice and SD rats of the similar age.
Statistical analysis

The data were analyzed for homogeneity of variance,
using a folded f-test. Homogeneous data were analyzed
using Student’s t-test, and heterogeneous data were
analyzed using Welch’s t-test. Statistical analyses were
performed using SAS 9.4 (SAS Institute, Cary, NC,
USA). All tests were two tailed and P<0.05 was
considered significant.

Results
Spontaneous lesion in epididymis of C57BL/6N

In the macroscopic observation during the necropsy,
nodules in epididymis and enlarged epididymis were
observed. In G1, there were three cases of enlarged
epididymis; G2, nine cases; G4, two cases. The nodules
were observed in a two cases in G1. The histopathological
tests on the collected and fixed organs showed mononuclear cell infiltration and focal necrosis in the liver;
tubular basophilia, tubular dilatation, mononuclear cell
infiltration, pyelonephritis, and hyaline casts in the
kidney; mixed cell infiltration in the heart; and extramedullary hemopoiesis and lymphoid hyperplasia in the
spleen. These observations were of the same level of
incidence and severity as the general spontaneous
changes that occur in other mice (ICR) of similar ages.
However, what attracted our attention was a unique nonneoplastic spontaneous lesion, known as a sperm
granuloma, found in the epididymis of all groups,
displaying higher incidence and severity in our test
species than in the other lab animals (Figures 1, 2). The
nodules and enlarged epididymis in macroscopic
observation corresponded to various forms of sperm
granulomas, which were also detected in the healthy
epididymis upon macroscopic observation. The sperm
granulomas observed in the epididymis were mostly

Table 2. Antibody sources and concentrations
Antibody

Host and Type

Dilution for IHC-P

Code

Source

HMGB1
Caspase-3
LC3B
SOD2
c-PARP

Rabbit polyclonal
Rabbit polyclonal
Rabbit polyclonal
Rabbit polyclonal
Rabbit monoclonal

1:200
1:200
1:600
1:200
1:100

PA5-29604
Ab4051
Ab64781
GTX116093
Ab32138

ThermoFisher Scientific
Abcam
Abcam
GeneTex
Abcam
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Figure 4. Image of the caspase-3 IHC staining in epididymis of lab animals. Significantly more caspase-3 chromatic figures are
observed in the tubules of the C57BL/6N mouse epididymis (dotted line) than the other lab animal species, in which 1-2 chromatic
figures are observed per tubule (arrows). C57BL/6N mouse (a), ICR mouse (b), BALB/c nude mouse (c), SD rat (d). Bar size; 400
μm.

Figure 5. Image of the SOD2 IHC staining in epididymis of lab animals. Positive SOD2 chromatic figures were observed in the
tubules in tail of epididymis. C57BL/6N mouse (arrows) (a), ICR mouse (b), BALB/c nude mouse (c), SD rat (d). The chromatic
figure was found in interstitial cells and in the internal cilia of the tubules. Bar size; 400 μm.

Japanese institutions that specialize in lab animals,
nodules in epididymidis and enlarged epididymis were
macroscopically detected. The pathological assessment
detected significantly more frequent sperm granuloma

incidence than that generally observed in other laboratory
animals. In previous literature, few or no articles reported
on sperm granulomas occurring in the epididymis of
relatively young C57BL/6N mice (10 and 13 weeks old).
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due to a specific reason and become recognized as an
auto-antigen. The cause of the damage to the strong
defense walls of the testis and epididymis tubules is yet
unclear; however, physical trauma or toxic substances
are the presumed causes [12]. Occlusion of the vas
deferens via experimental vasectomy is known to be
correlated with nearly 100% incidence of sperm
granuloma [13]. In addition to physical trauma, the
lesion can be induced by the injection of chemical
substances, where it occurs in specific parts (head, body,
tail) of the organ [14].
Because the damage of the epithelial cell is a major
cause of sperm granuloma, immunohistochemical staining
was carried out to investigate the mechanism of cell
damage. The four most frequently occurring cellular
damages (HMGB1, caspase 3, SOD2, LC3B) were
investigated. HMGB1 is a chromatin-associated protein
of the non-histone group, which induces the proinflammatory
response when it is secreted by cells involved in
inflammation [15]. Caspase 3 is an important protein that
belongs to the cysteine proteases, which play a central
role in apoptosis [16]. LC3B is a protein found in a wide
array of mammalian tissues, where it induces autophagic
cell death [17]. SOD2 plays a crucial role in protecting
the cells by converting superoxide into hydrogen peroxide
and diatomic oxygen, when oxidative stress increases its
secretion [18].
The results showed significant increase in the chromatic
figures from caspase-3 and SOD2 antibodies in the
epididymis of C57BL/6N mice. To determine whether
the observed chromatic figures were specific to C57BL/
6N mice, the same procedures were carried out on the
epididymis of ICR and BALB/c nude mice and SD rats.
The characteristic chromatic figure of caspase-3 was not
detected in any other species of lab animals. The
chromatic figure of SOD2 was detected in a similar
pattern in the other animals. The chromatic figure of
caspase-3 observed in the epididymis of C57BL/6N
mice can be regarded as evidence for the existence of a
signaling pathway in the apoptosis of epididymal tubular
cell. The negative chromatic figures of other antibodies
indicate that the proinflammatory response, autophagic
cell death, and oxidative stress, which occur at the stage
where the each target proteins are involved, are not likely
to be correlated with the naturally occurring epididymal
sperm granuloma of C57BL/6N mice.
To better understand the caspase-3-induced apoptosis,
the area where the caspase-3 chromatic figures were
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observed was immunohistochemical stained with anti-cPARP. The c-PARP is a protein that interacts directly
with DNA to induce apoptosis when it is activated by
caspase-3 [19]. It is, hence, an important marker of
apoptosis. The results of immunostaining showed that
intracellular caspase-3 is activated spontaneously in the
epididymal epithelium and it is likely to be the factor that
induces apoptosis by converting PARP into c-PARP and
causing DNA fragmentation in nucleosomes. It is also
likely that the damaged tubules lost the ability to separate
the stroma from the sperms in the epididymis, allowing
the sperms to be discharged and granulomas to occur.
Apoptosis under normal circumstances is an essential
mechanism for the survival and development of organisms,
such as the formation and regulation of tissue structures,
homeostatic maintenance of cell numbers, and removal
of abnormal or dangerous cells [20]. However, when
apoptosis is induced abnormally, the result is a variety of
diseases and lasting damages to the nerve cells leading
to Huntington’s disease, Alzheimer’s disease, Parkinson’s
disease, amyotrophic lateral sclerosis, retinitis pigmentosa,
or spinal muscular atrophy [21,22]. Apoptosis is also
known to be correlated with autoimmune diseases such
as rheumatic arthritis [23,24], atherosclerosis, and
cardiomyopathy. In particular, a study reported an
increase in caspase-3 expression in epididymal tubules
after the injection of epichlorohydrin—an antifertility
agent that is directly toxic to the epididymis and inhibits
sperm motility [25]. The expression of caspase-3 in the
epididymal tubules of C57BL/6N mice, detected in the
present study, was not observed in ICR or BALB/c nude
mice or SD rats, which implies that it is characteristic to
C57BL/6N mice.
In the present study, the cause of the granulomas
cannot be chemically based because there was no
injection of chemical substances. The probability that the
cause is due to physical trauma is also low, because the
animals employed were for the accumulation of historical
data and there was no physical handling involving any
kind of injection. Moreover, each animal was bred in a
single cage, which eliminates the probability of physical
trauma caused by interaction with other animals. The
laboratory where the study was carried out was an
official GLP institution, which performed all procedures
according to SOPs; hence, any factors related to external
infection, feed, or laboratory conditions can be eliminated.
In an experiment targeting other mice (ICR mice),
carried out by the same investigators, using the same
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