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RESEARCH ARTICLE
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14-3-3σ is a cell cycle regulator that has been designed as a ‘double-edged sword’ in the context of human cancers, in
which in some it appears to function as a tumour suppressor with decreased expression contributing to tumourigenesis,
while in others it may be involved in tissue invasion and metastasis. A variety of studies in both human and canine
species have been focused in the immunohistochemical detection of 14-3-3σ, especially in neoplastic diseases. Different
commercial available antibodies have been previously used to detect 14-3-3σ in canine tissues. This paper shows
important differences regarding the pattern of expression between monoclonal and polyclonal antibodies against this
protein and proposes the use of the former in future studies of 14-3-3σ in canine species.

Keywords: antibody; canine; epithelial cell marker; immunohistochemistry; tissues; 14-3-3σ

1. Introduction

14-3-3σ protein belongs to a highly conserved family of
acidic proteins, the 14-3-3 family, which consists of at
least seven mammalian isoforms. Of the seven isoforms,
14-3-3σ is especially linked to cancer. Most of the
isoforms are expressed in all tissues, whereas the σ
isoform has been restricted to the epithelial cells (Wilker
et al. 2005; Huang et al. 2014). 14-3-3σ is a protein
kinase-dependent activator tyrosine and endogenous
inhibitor of protein kinase C; it plays a negative role in
the G2/M checkpoint, pausing the cell cycle and
allowing DNA repair. Loss of 14-3-3σ expression results
in malignant transformation in vitro and supports tumour
formation in vivo, which suggests its role as a tumour
suppressor gene (Holm et al. 2009).

Several studies in both human and canine species
have used immunohistochemical techniques to detect 14-
3-3σ, especially in neoplastic diseases. However, the
immunohistochemical procedures and the antibodies
employed in each work vary greatly between authors
(Nakajima et al. 2003; Holm et al. 2009). In veterinary
science, it has been recently investigated the expression
of σ isoform in normal and neoplastic canine tissues,
showing that this protein is an epithelial cell marker and
that its expression is altered in canine tumours (Suárez-
Bonnet et al. 2010, 2011). Since polyclonal and

monoclonal antibodies have different sensitivity and
specificity to detect a given antigen (Holm et al. 2009),
and the 14-3-3 family has at least seven isoforms, it
would be of interest to study the expression of σ isoform
using different antibodies in the same tissues.

In the present study, we aimed to compare the
expression of 14-3-3σ protein in normal canine tissues
using two different commercial available antibodies, in
order to elucidate possible differences in terms of
immunoreaction, which allows to select the most reliable
antibody against the σ isoform.

2. Materials and methods

2.1. Immunohistochemical study

Normal canine tissues from several organs (Table 1)
were obtained from two dogs (one male and one female)
that were euthanized in a municipal kennel (for reasons
unrelated with this study). For the immunohistochemical
study, serial tissue sections, 3 mm thick, were placed on
Vectabond-coated slides (Sigma Diagnostics), de-paraf-
finated, rehydrated in a graded series of alcohol and
incubated with 3% hydrogen peroxidase in methanol for
30 min. The sections were then subjected to high-
temperature antigen retrieval by placing in citrate buffer
(pH 6.2) in a water bath at 95°C for 25 min. After
cooling, the slides were covered with 10% normal rabbit
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serum in phosphate-buffered saline (PBS) for 30 min
before incubation with the primary antibodies. A goat
polyclonal antibody specific for the N-terminus of the
14-3-3σ isoform (N-14; Santa Cruz Biotechnology; 1:50;
16 h at 4°C) and a mouse monoclonal antibody raised
against recombinant 14-3-3σ of human origin (clone
5D7, Santa Cruz Biotechnology; 1:50; 16 h at 4°C) were
used to detect σ isoform in canine tissues. Antigen–
antibody reactions were visualized by the avidin–biotin
peroxidase complex (ABC) method (Vector Laborator-
ies, Burlingame, CA). As chromogen, we used 0.5%
3,3′-diaminobenzidine tetrahydrochloride (Sigma Chem-
ical Co, St. Louis, MO) diluted 1:10 in 0.05M Tris
containing 0.3% hydrogen peroxide, which was applied
to the slides for 1–2 min at room temperature. Slides
were counterstained with Harris hematoxylin. In each
assay, samples of human lung squamous cell carcinoma
were used as positive controls. Negative controls were
prepared by replacing the primary antibody with normal
rabbit serum diluted 1:100 in PBS.

2.2. Western blot analysis

To demonstrate the antibodies’ specificity homogenates
of mammary gland, urinary bladder, salivary gland,
oesophagus, skin, kidney, cerebrum, cerebellum and
lymph node were analysed by Western blotting. Samples
were homogenized in 0.1% Triton X-100 plus protease
inhibitors in 25 mM Tris (pH 7.5) using a dispersing

Table 1. Reactivity patterns of polyclonal (N14) and mono-
clonal (5D7) antibody to 14-3-3σ in normal canine tissues.

Tissue N14a 5D7a

Skin
Epidermal/hair follicles +++ +++
Sebaceous gland ++ ++
Apocrine glands
Acini ++ ++
Ducts ++ ++

Digestive system
Squamous epithelium (oral cavity) +++ +++
Salivary glands
Acini − −
Myoepithelium − −
Ducts − −

Oesophagus
Surface epithelium + +
Glands + +

Stomach
Gastric pits + −
Corpus glands − −
Pyloric glands − −
Neuroendocrine cells + −

Intestine
Surface epithelium − −
Mucosal crypts − −

Liver
Hepatocytes − −
Bile ducts − −
Gall bladder +++ +++

Pancreas
Acini − −
Ducts − −
Islet +++ −

Respiratory tract
Trachea
Cylindrical ciliated epithelium − −
Basal cells + +

Bronchioles
Cylindrical ciliated epithelium − −
Basal cells + +

Alveolar epithelium − −
Glands − −
Urinary system
Kidney
Bowman’s capsule − −
Collecting ducts − −

Urinary bladder
Superficial cells +++ +++
Basal cells +++ +++

Endocrine glands
Pituitary glands − −
Thyroid/parathyroid − −
Adrenal gland
Cortex − −
Medulla ++ −

Male genital
Seminiferous tubules − −

Table 1. (Continued)

Tissue N14a 5D7a

Excretory ducts − −
Epididymis − −
Prostate ++ ++
Female genital
Ovary
Surface epithelium − −
Rete ovarii − −

Endometrium
Surface epithelium − −
Glands + −

Squamous epithelium (vagina) +++ +++
Mammary glands
Secretory cells +/− +/−
Myoepithelium +++ +++
Ducts +/− +/−
Nervous system
Cerebrum − −
Cerebellum − −
Ependymal cells − −
Ganglia + −
a −, No stained cells; +, faint; ++, medium or heterogeneous; +++,
strong reaction; +/−, solitary positive cells.
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instrument (Ultra Turrax, Rose Scientific Ltd.), and cell
debris was removed by centrifugation. The Bradford
method (BioRad) was used to determine protein con-
centrations. SDS-PAGE was used to extract 60–80 µg of
proteins prior to gels being transferred to nitrocellulose
membranes (Pall Life Sciences). Protein transfer was
confirmed by Ponceau Red staining (Sigma Diagnostics).
The membranes were then ‘blocked’ with 5% powdered
milk in Tris-buffered saline Tween 20 (TBS-T) for 1 h at
room temperature and then incubated with anti-14-3-3σ
antibodies (N-14 and clone 5D7; Santa Cruz Biotechnol-
ogy). After rinsing in TBS-T, the membranes were
incubated with a sheep anti-goat and a rabbit anti-mouse
antibodies for 1 h at room temperature. Finally, the blots
were rinsed and visualized using Immun-Star WesternC
and BioRad Chemi-Doc imaging system (BioRad).

3. Results and discussion

The immunohistochemical results are summarized in
Table 1. The expression of 14-3-3σ protein was largely
restricted to cells of epithelial origin with a tendency to
be stronger in cells destined for squamous epithelium or
differentiating towards squamous cells, as it has been
previously reported (Nakajima et al. 2003; Suárez-
Bonnet et al. 2010). However, differences in the
immunohistochemical expression of the protein were
observed with the two employed antibodies. Neuroendo-
crine cells of adrenal medulla, pancreatic islet and
neurons of ganglia showed moderate to strong positivity
with the polyclonal N14 antibody. The immunohisto-
chemical staining patterns in neuroendocrine cells of the
adrenal medulla (Figure 1a and 1b) and those of the islet
of Langerhans (Figure 1c and 1d) were homogenously
cytoplasmic with no membrane reinforcement neither
staining of the nuclei. The specimens of adrenal gland
also contained a sample of ganglia, in which the soma of
all neurons showed diffuse and homogeneously cyto-
plasmic precipitation of chromogen. In contrast with this
pattern of staining, monoclonal 5D7 antibody did not
produce positive immunoreaction in the tissues described
above.

14-3-3σ is a specific epithelial cell marker in human
and canine species (Nakajima et al. 2003; Suárez-Bonnet
et al. 2010). Moreover, it is well known that 14-3-3
proteins are broadly expressed in the brain with modi-
fication of its distribution and expression during embry-
ologic phases to mature and senescence (Humahara et al.
2011). The present study revealed that, when a poly-
clonal antibody (N14) is used to detect 14-3-3σ, a variety
of cells with a nervous origin showed an unexpected
positive immunostaining. It is possible that N14 cross-
reacts with one or more isoforms of the 14-3-3 family,
different from σ, that could be present in cells of nervous
origin. It would be of potential interest to analyse the

expression of the six remaining isoforms of 14-3-3
proteins, in order to determinate specifically their local-
ization in canine tissues.

In the stomach, specifically in the oxyntic gland
mucosa, N14 produced a supranuclear granular staining
in both parietal and zymogenic cells. Besides, neuroen-
docrine cells located along the neck of the oxyntic gland
mucosa showed a strong and homogeneous cytoplasmic
stain (Figure 1e and 1f). In small and large intestine, only
neuroendocrine cells showed 14-3-3σ expression using
the polyclonal N14 antibody, while the glandular tissue
was negative. Monoclonal 5D7 did not produce immu-
nostaining in stomach and small and large intestine.
Correspondingly, N14 pattern in glandular cells of
prostate gland displayed a supranuclear granular stain
and a homogeneous cytoplasmic stain of ductal cells. In
contrast, 5D7 showed mild and sporadic cytoplasmic
expression in glandular cells with similar staining of duct
cells. The stain of a supranuclear structure in glandular
cells is a common and well-known non-specific cross-
reaction with the Golgi apparatus (Ramos-Vara et al.
2008). In the current study, this type of chromogen
precipitation produced by the polyclonal antibody N14

Figure 1. 14-3-3σ immunohistochemistry: in canine adrenal
gland – (a) note strong cytoplasmic immunoreaction in cells of
the medulla when the polyclonal antibody is employed and (b)
the incubation with clone 5D7 avoids this reaction; in canine
pancreas – (c) N14 showed immunoreaction and (d) 5D7 do
not detect 14-3-3σ in islet of Langerhans; in canine gastric
mucosa – (e) supranuclear granular staining in both parietal and
zymogenic cells with N14 and (f) canine stomach do not
produce any immunoreaction with monoclonal antibody 5D7.
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was abolished by the use of the mouse monoclonal
antibody 5D7.

Western blot analysis revealed that both N14 and
5D7 antibodies recognized the 30 kDa polypeptide in
mammary gland, urinary bladder, salivary gland, oeso-
phagus and skin. N14 also produced a mild band with
tissue of cerebellum. However, 5D7 produced a more
defined and strong immunoreaction with a lesser back-
ground in all bands (Figure 2).

4. Conclusions

The results of the present study highlight the need to
validate human commercial antibodies for any particular
veterinary immunohistochemical test. The differences
observed between N14 and clone 5D7 should be taken
into consideration in future studies about 14-3-3σ pro-
tein. In the current work, monoclonal 5D7 antibody has
demonstrated a more accurate capability to detect 14-3-
3σ, given that non-specific staining in non-epithelial cells
was avoided and more defined bands were obtained in
the Western blot analysis. We propose the use of clone
5D7 as the antibody of election in the detection of this
protein in canine tissues.
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