
55

FOLIA VETERINARIA, 60, 2: 5—10, 2016

DOI: 10.1515/FV-2016-0011

ABSTRACT 

The perineurium constitutes the basis for the regula-
tion of endoneurial fluid homeostasis. In the work pre-
sented here, cytokeratin 18, as an immunohistochemi-
cal marker for epithelial cells, was used to identify the 
perineurium in the peripheral nerves of two species. 
Two organs, rich in peripheral nerves, were used; the 
tongue of the bull and the ductus deferens of the male 
goat. Special attention was paid to one of the the nerve 
sheath cells — the perineurial cells of myelinated nerves 
in the skeletal muscle of the tongue and in the smooth 
muscle in the wall of the ductus deferens. A positive reac-
tion to cytokeratin 18 was found in the perineurial cells 
of the perineurial sheath in the nerves of various sizes. 
No difference in the reactivity was observed between the 
peripheral nerves of the tongue and that of the ductus 
deferens. 
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INTRODUCTION 

Histologically, the peripheral nerves consist of axons 
and coats — the endoneurium, perineurium, and epineu-
rium. The endoneurium surrounds each nerve fibre, while 
the perineurium isolates individual nerve fascicles. The epi-
neurium forms the outer surface of a peripheral nerve and 
consists of connective tissue.The perineurium forms a pro-
tective barrier around nerve fascicles. It is made of layers 
of perineurial cells surrounded by a basement membrane 
and collagen fibers, forming a concentrically laminated 
structure around a single nerve fascicle. Morphologically, 
perineurial cells resemble fibroblasts. The perineurial cells 
are characterized by distinct ultrastructural features which 
include: non-branching thin cytoplasmic processes coated 
by an external lamina and joined at their ends by tight junc-
tions, few organelles, actin and vimentin filaments, and 
numerous pinocytotic vesicles. They are 3-dimensionally 
flattened, polygonal, or squamous cells, and form many 
concentric layers around the axons [15], [16]. Functionally, 
the perineurium modulates external stretching forces that 
could be potentially harmful for nerve fibers, and addition-
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ally, along with endoneurial vessels, forms the blood-nerve 
barrier [17]. The perineurium constitutes the basis for the 
regulation of endoneurial fluid homeostasis and therefore 
is comparable to the blood-brain barrier of the CNS. It pro-
tects the Schwann cell axon units and the endoneurial con-
nective tissue from ionic alterations, antigens, toxins and 
infectious agents.

Cytokeratins (CK) are considered markers of epithe-
lial differentiation and the cytokeratins typical of simple 
epithelia, with the primary keratin pair 8/18 as a significant 
component, have been detected in neuroectodermal tissues 
[2],[ 6], [13]. In lower vertebrates, immunoreactivity for 
keratin 8 and 18 has been reported in nonepithelial cells; 
particularly in mesenchymal progenitor cells of regenerat-
ing complex body structures [3]. In contrast, cytokeratin 
intermediate filaments (IF) and desmosomes have not been 
detected in the glial cells of the brain and spinal cord, or in 
certain peripheral nerves [15]. 

Multiple pathologic conditions associated with the peri-
neurium have been described, including certain non-epi-
thelium-derived tumors. Perineurial-like cells were noted 
in three tumors and cells intermediate between perineurial 
and Schwann cells [10]. Cytokeratins have been reported 
to occur, occasionally and focally in certain human epen-
dymomas, astrocytomas, and primitive neuroectodermal 
tumors [4], [8], [18]. To clarify the cellular composition of 
various peripheral nerve tumorous lesions, the expression 
of several markers specific to nerve sheath cells, were immu-
nohistochemically investigated [11]. The aim of this study 
was to identify localized perineurial cells by the immuno-
histochemical marker cytokeratin 18 in the tongue and duc-
tus deferens of the adult bull and goat (respectively). 

MATERIALS AND METHODS 

Tissue samples of the tongue of the bull and the ductus 
deferens of the goat were used in this study. Samples of the 
tissues were fixed in 10 % neutral formalin in 0.2 mol phos-
phate buffer for 24 h and thereafter routinely embedded in 
paraffin. For the immunohistochemical study, the deparaf-
finized and rehydrated sections were rinsed in phosphate-
buffered saline (PBS) and endogenous peroxidase was 
blocked by incubation with 3 % v/v H2O2 for 20 minutes. Af-
ter rinsing with PBS, the sections were incubated with 1 % 
w/v Bovine Serum Albumin (BSA) in PBS at room tempera-

ture to prevent unspecific binding. The sections were then 
incubated in a humidified chamber overnight with primary 
antibodies. The washed sections were incubated overnight 
with monoclonal antibody against cytokeratin  18 (mouse 
IgG2b, clone 611 B-1, Sigma). After incubation, the sections 
were stained using the avidin-biotinylated-peroxidase com-
plex detection system (ABC kit; Vector Laboratories, Burl-
ingame, CA). The slides were then washed three times for 
5 min with PBS. The specific binding was visualized with 
the peroxidase substrate 3,3´-diaminobenzidine (DAB). For 
negative controls, the first antibody was substituted by PBS 
or by normal rabbit serum. Sections were counterstained 
with Mayer’s hematoxylin and methylene blue.

RESULTS

Perineurial cells of the perineurium found in both or-
gans are elongated spindle shaped cells with eosinophilic 
cytoplasm with curved or wavy thin nuclei and thin, elon-
gated cytoplasmic processes, arranged in lamellae. Micro-
scopically, two components were found in the perineurium: 
fibrous perineurium, an outer layer of collagenous connec-
tive tissue and perineural epithelium, and an inner layer of 
squamous epithelial cells. Collagen fibrils are dispersed be-
tween the layers. Perineual epithelium forms a continuous 
sheet. The number of layers decrease in number as fascicles 
become smaller (Figures 1—2). 

Positive reactions to CK 18 in both organs studied were 
found in the perineurial sheaths of the nerves of various 
sizes. The intensity of reactivity was equal in all perineurial 
cells and was equal in the cells body and in cytoplasmic 
processes which formed the long flatened lamellae. The en-
doneurium was not stained with CK 18 (Figures 1—3).

DISCUSSION 

It is widely accepted that cytokeratins are usually re-
stricted to epithelium-derived tissues. This has been elab-
orated in several mammals, notably: man, cow, rat and 
mouse (and also in birds). In the fetal neuroectodermal 
tissues studied, the cytokeratin pairs 8/18 are the first ones 
to be expressed during embryonic development [13]. Cyto-
keratins 8 and 18, occasionally accompanied by CK19, can 
be seen, often transiently, in certain non-epithelial tissues, 
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Fig. 1. Immunoreactivity for CK 18. The nerves in cross sections in the tongue muscle. 
Perineurium is positively stained for CK 18 (arrows)

Fig. 2. Immunoreactivity for CK 18. The nerves of various sizes in cross and oblique sections in tongue muscle. 
Perineurium is positively stained for CK 18 (arrows)
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especially embryonal ones, and in a rare subtype of human 
endothelial cells [6], [12]. A small amounts of cytokeratins 
8, 18, and 19 (or their homologues) have been identified in 
certain amphibian and human smooth muscle tissues [12]. 

Numerous studies of the embryogenesis of the avian 
and mammalian nervous systems and of in vitro differen-
tiation of neural cells have shown that differentiating glial 
and neuronal cells are characterized by the absence of cyto-

Fig.3. Immunoreactivity for CK 18. The small nerves in cross sections in the connective tissue of the ductus deferens.
Perineurium is positively stained for CK 18 (arrows)

keratin [7]. In higher vertebrates, the cytoskeleton of glial 
cells are characterized by masses of intermediate filaments 
(IF) that contain the hallmark protein of glial differentia-
tion (the glial filament protein) and also by the absence of 
cytokeratin IFs.

The single or multi-layered sheaths of epithelioid cells 
surrounding peripheral nerves (perineurial cells) or struc-
tures of the central nervous system, including the optic 



9

nerve (arachnoid cells), show remarkable interspecies dif-
ferences in their cytoskeletal complements [2]. In some 
amphibia, the perineurial cells of the sheaths of peripheral 
nerves, as well as the arachnoidal cells of the meninges, are 
interconnected by desmosomes and contain cytokeratin in-
termediate filaments; an occurrence that has also been re-
ported for some mammals [1]. Among higher vertebrates, 
a similar situation is found in the bovine and chicken ner-
vous systems; the perineurial cells of many nerves contain 
cytokeratin intermediate filaments. Intense staining for cy-
tokeratins was observed, not only in the meningeal cells, but 
also in the glial elements of the nerve interior. In contrast, 
in rat perineurial cells, significant reactions have not been 
observed for cytokeratins or for desmosomal proteins [2]. 
In our study, CK 18 was observed in the peripheral nerves 
of both organs studied and thus, both animal species.

The cytogenesis of the perineurium remains disputable, 
with morphologic, immunohistochemical, and experi-
mental evidence supporting an origin from the fibroblast, 
Schwann cell, and arachnoid cap cells [5]. It was found that 
all meningeal layers of the spinal cord, the perineurium and 
the endoneurium of peripheral nerves, as well as the capsu-
lar and inner space cells of Herbst sensory corpuscles, de-
velop from the local mesenchymal cells, whereas Schwann 
cells and cells of the inner core of sensory corpuscles are 
of neural crest origin [9]. The selective mesenchymal ex-
pression of keratins includes the presence of keratins 7, 8 
and 18 in some smooth muscle cells (myometrium, vas-
cular and some parenchymal smooth muscle) and expres-
sion of keratins 7 and 18 in some vascular endothelial cells 
[14]. Moreover, small amounts of cytokeratins 8, 18, and 19 
(or their homologues) have been recently identified in cer-
tain amphibian and human smooth muscle tissues [12]. 
Thus, the expression of cytokeratins may be characteristic 
of a certain type of astrocytes that remains in an embryonal 
proliferative state. 

CONCLUSIONS

A positive reaction to cytokeratin 18 was found in the 
perineurial sheath of the nerves in the skeletal muscle of 
the tongue of the bull and in the smooth muscle of the wall 
of the ductus deferens in the goat. No difference in the re-
activity was observed between the peripheral nerves of the 
organs studied. The morphological features common for 

perineurial cells and described in the peripheral nerves 
were confirmed by immunostaining in the tongue and duc-
tus deferens of the bull and goat. 
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