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Introduction
The S100 protein family covers the largest group of
"calcium-binding proteins" in living organisms. The
S100 is an acidic calcium binding protein. Structural-
ly, S100 is a dimer with a subunit composition of aa,
ab and bb, and with solubility in a saturated solution of
ammonium sulfate. Members of this group are charac-
terized by high molecular weight and the presence of
two calcium binding sites of the EF-hand type (helix-
loop-helix calcium-binding domains). According to
Hsiech [1], "most S100 proteins are small acidic pro-
teins with calcium binding domains – the EF hands. It
is thought that this group of proteins carry out their
cellular functions by interacting with specific target
proteins, an interaction that is mainly dependent on

exposure of hydrophobic patches, which result from
calcium binding". 

Most of the S100 protein genes are located in gene
cluster on human chromosome 1q21, which is struc-
turally conserved in evolution [2]. The respective mem-
bers of the S100 family show varied degree of inter-
species gene homology, which suggests that the diver-
gence between these two genes occurred earlier in evo-
lution. For instance, the homology between human and
mouse S100 cDNAs is in the range of 85-95%.

S100 proteins can be found in physiological condi-
tions in such cells and organs as nerve fibers, amnion,
trophoblast, decidual cells of fetal membranes, in Sertoli
cells, Leydig cells, peritubular cells of the seminiferous
tubules, epithelial cells of the transitional segment of the
seminiferous tubules, thyroid gland parathyroid gland,
hair cuticle cells, myeloid cells,  lung, kidney, liver, car-
diac and skeletal muscle [2-14]. The hybridization
method in situ has detected the  expression of S100
mRNA in skeletal muscle, heart, kidney, pancreas,
ovary, spleen and small intestine [13]. 
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S100 protein expression has been also observed in
a number of pathological conditions in humans:
rheumatoid arthritis, acute inflammatory lesions, cys-
tic fibrosis, acute myocardial ischemia, Leydig cell
tumors of the testis, melanoma and breast cancer
[7,15-18]. 

The involvement of S100A8 and S100A9 has also
been found in the initiation and development of
inflammatory processes, e.g. in secretory epithelium in
inflamed tissue [19, 20]. As stated by Robinson [20]
"in inflamed tissues, the S100A8 and S100A9 complex
is deposited into the endothelium of venules associat-
ed with extravasating leukocytes". On the other hand,
Eue [19] has demonstrated in progressing inflammato-
ry processes that "S100A8, S100A9 and S100A8/9
heterodimeric complex bind to human dermal
microvascular endothelial cell line [HMEC]-1 with an
increasing binding capacity progressing from S100A8
S100A9  S100A8/A9". 

Our earlier research showed the expression of S100
protein in the endothelial cells of arteries, veins, capil-
laries and lymphatic sinusoids of the testis and epi-
didymis of adult European bison and in smooth muscle
cells of arteries and veins in both testis and epididymis
[21]. Therefore, we decided to compare S100 protein
expression in the material obtained from the epididymes
of 5- and 12-month-old calves, and adult European
bison, and to detect any differences in S100 expression
according to the animal age and size of the organ exam-
ined. We used the material from such young calves,
since animals at this age are not sexually mature. Active
spermiogenesis in European bison begins at the age of 4
years, sporadically at the age of 3 years [22,23].

Materials and methods
Tissue collection. We used the epididymes obtained from 6 adult
European bison aged 6-12 years, from 6 at the age of 12 months
and 6 calves aged 5 months. The animals (living in the Bia³owie¿a
Forest reserve and in a free-ranging herd in the Bia³owie¿a Forest)
were shot in the autumn-winter season to reduce the herd. The
fragments of the epididymes were collected, fixed in Boiun's solu-
tion for 24 h and embedded in paraffin. Five-μm sections were
stained with hematoxilin and eosin (H+E).

Immunocytochemical procedures. Immunocytochemical reac-
tions were performed using the avidin-biotinylated-peroxidase
(ABC) technique according to HSU [24]. Specific polyclonal rab-
bit antiserum against bovine S100 protein (Bio Genex Laborato-
ries) at a dilution at 1:400 was applied. In brief, the following steps
were carried out:

• inhibition of endogenous peroxidase activity with 1% H202 in
distilled water for 30 min,

• blocking of non-specific binding of antibodies by incubation
with normal goat serum (DAKO X 0907) in PBS, diluted 1:20,

• incubation with antiserum against bovine S100 protein, diluted
1:400 for 24 hours at 4°C, then for 60 min at room temperature,

• incubation with biotinylated anti-rabbit IgG (DAKO LSAB 2
Kit),

• incubation with ABC complex (DAKO LSAB 2 Kit),

• peroxidase detection using DAB,
• wash in tap water for 10 min, dehydration.

Between the successive steps, sections were washed in PBS 
(3 × 3 min). The slides were mounted in a balsam (Permount). In
negative controls, we omitted the primary antibody and used nor-
mal rabbit antiserum, the remaining stages being unchanged.

Results
Adult European bison
We found S100 protein expression in vascular
endothelial cells and smooth muscle cells in the epi-
didymes of adult European bison specimens (Fig. 1).
The expression was very strong in endothelial cells of
medium-size vessels (Fig. 1). In most endothelial
cells, the reaction was  very strong and evenly dis-
tributed within the cytoplasm, being slightly weaker
in some. 

In smooth muscle cells of medium-size vessels,
the reaction for S100 was slightly weaker than in
endothelial cells of these vessels (Fig. 1). The reac-
tion intensity varied among these cells, being
stronger or weaker, but it was always evenly distrib-
uted in the cytoplasm. 

Staining intensity in endothelial cells of small ves-
sels varied, but the reaction was regularly distributed
in the cytoplasm. In some cells it was comparable to
the intensity observed in medium-size vessels, in oth-
ers it was markedly weaker. Strong staining for S100,
but evenly distributed, was found in smooth muscle
cells of the small vessels of the epididymis (Fig. 2) as
compared to the same type of cells in the medium-size
vessels.

Positive S100 expression was also noted in
endothelial cells of the lymphatic vessels. The reaction
was strong and evenly distributed within the cyto-
plasm, its intensity being comparable to the staining
noted in endothelial cells of medium-size arteries and
veins. We found a positive reaction for S100 protein in
cells of the stromal connective tissue (Fig. 1).

One-year-old calves
In one-year-old calves, staining of endothelial cells

for S100  protein in medium-size vessels was varied
(Fig. 2). In some cells, the reaction was very strong, in
others it was weak, and the reaction product was regu-
larly distributed within the cytoplasm. The reaction for
S100 protein in smooth muscle cells of the medium
size vessels varied in intensity and was evenly distrib-
uted within the cytoplasm (Fig. 2).  In some cells, the
reaction was strong, in others slightly weaker, but in
both cases it was comparable to the intensity observed
in smooth muscle cells of the same-size vessels in
adult bison (Figs. 1, 2). 

In endothelial cells of small vessels, the intensity of
reaction for S100 protein was comparable to that
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observed in endothelial cells of medium-size vessels in
these animals. The reaction was evenly distributed
within the cytoplasm. In smooth muscle cells of small
vessels the reaction for S100 protein was weaker (Fig.
2) than in smooth muscle cells of medium-size arteries
and veins, and was regularly distributed in the cyto-
plasm. 

We observed high S100 protein expression in
endothelial cells of lymphatic vessels, comparable in
intensity to that noted in endothelial cells of medium-
size vessels. The reaction showed regular distribution
in the cytoplasm (Fig. 3). We found a positive reaction
for S100 protein in the cells of the stromal connective
tissue (Figs. 2, 3).

5-month-old calves
We found diverse intensity of reaction for S100 protein
in endothelial cells of medium-size vessels in the epi-
didymis of 5-month-old calves (Fig. 4). In some cells,
the reaction was very strong, in others weak, but
showed even distribution in the cytoplasm. The reac-
tion was weaker in smooth muscle cells of these ves-
sels as compared to one-year-old and adult bull speci-
mens (Figs. 1, 2, 4), and was regularly distributed
within the cytoplasm. In small vessels of the epi-
didymis, endothelial cells showed weak reaction for
S100 protein, being evenly distributed within the cyto-
plasm (Fig. 4). Staining of smooth muscle cells for
S100 protein in small vessels was trace (Fig. 4). We
found a positive reaction for S100 protein in cells of
the stromal connective tissue (Fig. 4).
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Fig. 1. Epididymis of adult bison.
Medium-size artery, vein and lymphat-
ic vessels. In endothelial cells of the
artery, the reaction for S100 protein
varies from very strong to strong.
Endothelial cells of vein and lymphatic
vessels exhibit variable immunostain-
ing from very strong to weak, as com-
pared to endothelial cells of the medi-
um-size artery. The strong reaction for
S100 protein in vascular smooth mus-
cle cells of medium artery and vein.
Endothelium of small arteries and veins
exhibits very strong reaction for S100
protein as compared to endothelial
cells of the medium-size vessels.
Strong reaction for S100 protein in
smooth muscle cells of the small artery
and vein.  A positive reaction for S100
protein in the cells of the stromal con-
nective tissue (original magnification
×200). 

Fig. 2. Epididymis of 12-month-old calf. Medium-size artery and
vein. Very strong and strong reactions for S100 protein in endothe-
lial cells of the artery. Strong expression for S100 protein in
smooth muscle cells of medium artery. Longitidinal section of
medium- size vein shows varied intensity of reaction for S100 pro-
tein in endothelial cells, from very strong to weak. In small ves-
sels, there is a strong reaction for S100 protein in endothelial cells,
whereas strong or weaker in smooth muscle cells. A positive reac-
tion for S100 protein in the cells of the stromal connective tissue
(original magnification  ×200).



Discussion 
We found the expression of S100 protein in endothelial
cells of arteries, veins and lymphatic vessels in all the
study animals. Our findings concerning the expression
of S100 protein in lymphatic endothelial cells corre-
spond to localization described in the testis in humans,
rats, pine vole, European bison, pigs and ruminants
[21,25-27]. Our results referring to localization of
S100 protein in endothelial cells of veins and lymphat-
ic vessels of the epididymis are consistent with those
reported in boars and ruminants, as well as in the testis
of water buffalo [5,25]. A positive reaction to S100
protein in arterial endothelia was described in pig
ovary, whereas in the endothelial cells of arteries and
veins in pig and cattle [28,29]. Other authors found the
expression of S100 protein in human umbilical vein-
derived endothelial cell line [1,30]. Still others, in the
electron microscopic picture, observed a positive reac-
tion for  S100 protein in continuous type capillary
endothelia in rat testis, while negative in fenestrated
type endothelium [31]. Moreover, Carpentier [32]
observed an increased amount of S100 protein positive
vesicles in endothelial cells of adjacent capillaries dur-
ing lipolysis. Since one of the major roles of endothe-
lial cells is to transport bioactive substances from
blood into the perivascular space, Iwanaga [28] sug-
gested that S100 protein in the continuous type capil-
lary endothelium may be involved in the transport of
fatty acids and/or other  substances. Moreover, a study
by Hsieh [30] showed that S100 protein undergoes
"translocation in response to extracellular S100 protein
in human endothelial cells". According to this author,
"different S100 proteins utilize distinct translocation
pathways in endothelial cells, which might lead them
to certain subcellular compartments in order to per-
form their physiological tasks in the same cellular
environment".

In our opinion, S100 protein plays a similar role in
endothelial cells of arteries, veins and lymphatic vessels

in European bison epididymis. At the same time, we
found no differences in the expression of S100 protein
in vascular endothelial cells in all study animals. Our
observations seem to indicate that S100 expression in
endothelial cells of European bison epididymis is not
correlated with age or maturity of the organ tested. 

We found S100 protein in smooth muscle cells of
arteries and veins in all European bison specimens
examined. Our current results concerning the expres-
sion of S100 protein in smooth muscle cells of arteries
and veins in the epididymis are consistent with the
findings reported by Daub [33], who found the expres-
sion of S100A4 and S100A6 in the smooth muscle of
the aorta and in cultured smooth muscle cells. Similar
results were obtained by other authors, who found pos-
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Fig. 3. Epididymis of 12-month-old
calf. Medium-size lymphatic vessels.
Endothelial cells of lymphatic vessel
show diverse intensity of reaction for
S100 protein from very strong to weak
or very weak. Very strong S100 pro-
tein expression is noted in endothelial
cells of small vessels, slightly weaker
in smooth muscle cells of small ves-
sels. A positive reaction for S100 pro-
tein in the cells of the stromal connec-
tive tissue (original magnification
×200).

Fig. 4. Epididymis of 5-month-old calf. Medium-size artery and
vein. Very strong S100 protein expression in endothelial cells of
the artery. Weak reaction for S100 protein in smooth muscle cells
of medium artery. Endothelial cells and smooth muscle cells of
vein exhibit variable immunostaining – from strong to weak. Small
artery endothelium shows a strong reaction for S100 protein. In
smooth muscle cells of small vessels, staining for S100 protein is
weak. A positive reaction for S100 protein in the cells of the stro-
mal connective tissue (original magnification ×200). 



itive reaction for S100 protein in rat vascular smooth
muscle cells [34,35], human and guinea pig smooth
muscle cells from the aorta [33,36,37] and porcine iso-
lated coronary artery smooth muscle cells [36,38-41]. 

According to Daub [13], S100 protein "could be
potentially involved in the regulation of cytoplasmic
Ca2+-concentration and/or in signal transduction in
smooth muscle cells". Chang [39] forwards the
hypothesis that the "increase in cytosolic free [Ca2+]
leads to formation of the complex of S100A11 and
annexin A6, which forms a physical connection
between the plasma membrane and the cytoskeleton,
or plays a role in the formation of signaling complex-
es at the level of the sarcolemma". On the other hand,
Brisset [36] claims that S100A4 is "a marker of
porcine rhomboid smooth muscle cells and it is also a
marker of a large population of human atheromatosus
and restenotic smooth muscle cells". We think that
S100 protein in vascular smooth muscle cells in the
epididymis of European bison plays a similar role. 

Interestingly in the current study, in young 
5-month-old sexually immature European bison speci-
mens we observed weaker expression of S100 protein
in smooth muscle cells of small vessels as compared to
the same cell type both in large vessels in these ani-
mals and in small vessels in adult specimens. The
cause of weaker expression of S100 protein in vascu-
lar smooth muscle cells in sexually immature epi-
didymis of young 5-month-old European bison is dif-
ficult to explain.
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