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The juxtaoral organ (JOO) was first described in human embryos by
(Chievitz, 1885). In human adults, it has been described in the bucco-
temporal space—located within the soft tissue between the medial
surface of the mandible and the buccinator muscle—innervated by
the buccal nerve (Zenker, 1953). Histologically, the JOO consists of
parenchyma formed by nests of non-keratinizing squamous epithe-
lial cells surrounded by two layers or strata of connective tissue that
form the stroma—the stratum fibrosum externum (SE) and the stra-
tum fibrosum internum (Sl). In addition, the JOO is rich in small nerve
branches that form the stratum nervosum (Zenker & Salzer, 1961).
Some reviews have reported epithelial islands residing in peripheral
nerves similar to JOO, cases of hyperplasia, hamartomas or neuroec-
todermal tumours; even in biopsies, the JOO can be misinterpreted
as carcinomas (Pantanowitz & Balogh, 2003; D’Andrea et al., 2015;
Suérez-Quintanilla et al., 2020).

The function of the JOO is not clearly defined. Despite numer-
ous immunohistochemical studies on the JOO, there are no studies

on the expression of collagen types | and Ill in its stroma (Table 1).

Such information is crucial for its understanding since collagens play
structural roles and contribute to mechanical properties, organiza-
tion and shape of tissues (Ricard-Blum, 2011). Thus, the objective of
this work was to carry out a histological study of JOO after dissec-
tion of the infratemporal region in adult human cadavers, analysing
the immunoexpression of collagen types | and Ill and its disposition
(by using the picrosirius red staining technique).

For this study, sixteen formalin-fixed cadaver-head specimens
were collected from the former Department of Anatomy and
Embryology Il and the Body Donation Centre of the Complutense
University of Madrid. In all cases, a bilateral dissection of the in-
fratemporal fossa was performed. In six cases, the JOO dissection
was attempted, but it could not be identified macroscopically. In
10 cases, we explanted the region where the JOO was suspected
to be. Therefore, the buccal nerve and surrounding tissue were re-
sected, from its access to the pterygomandibular region until the
buccinator muscle was reach (Figure 1). Histological examination

allowed the JOO to be identified. The preparations were processed
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FIGURE 1 Lateral view of the dissection (right side). Aspect of
the pterygomandibular region: the zygomatic arch, the coronoid
process of the mandible and the temporalis tendon were cut; the
dashed white line indicates the area where the tissue surrounded the
buccal nerve (B) was resected. TM, temporalis muscle; M, mandible;
FV, facial vein; FA, facial artery; P, parotid duct; BM, buccinator
muscle; L, lingual nerve; |, inferior alveolar nerve; My, nerve branch
to supply the mylohyoid muscle and the anterior digastric belly

and routinely stained, including picrosirius red. Furthermore, im-
munohistochemistry on paraffin sections was performed following
the protocol for the ready-to-use Vectastain (PK-7200). The fol-
lowing primary antibodies were used: mouse anti-collagen type |
(sc-59772, 1:200) and rabbit polyclonal antibody anti-collagen type
Il (bs-0549R, 1:200).

According to our findings, the JOO is a fusiform structure of vari-
able length (6-11 mm) and thick (1-2 mm), surrounded by loose con-
nective tissue (Figure 2a). The parenchyma of the JOO is formed by
interconnected nests of epithelial cells, of different size and shape,
with a multilobular appearance (Figure 2b-d). In some nests, the in-
ternal cells show a whorl-like or concentric arrangement and a larger
cytoplasm, and other nests show small vesicles with amorphous
material (Figure 2e). The stroma was formed by dense connective
tissue that forms the capsule (SE), organized in concentric layers
(Figure 2b,e,f), in which type | collagen predominated (Figure 2g).
Inside the stroma, the Sl was formed by loose connective tissue, with
a predominance of type Ill collagen, arranged radially between the
epithelial nests (Figure 2f,h).

A range of immunohistochemical findings have been reported
by immunohistochemical studies performed in different species and
types of tissues, focused on the parenchyma or the nerves fibres
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(Table 1). However, there are no previous studies of the expres-
sion of collagen | and Il in the stroma that emphasize its role as a
mechanoreceptor.

The role of the JOO stroma is important for its organization and
morphological function. Previous studies suggested that the differ-
ence in the proportion of type I/Ill collagens, and the arrangement
and size of the fibres are important characteristics for the mechan-
ical resistance and elasticity of the tissues, since the elastic and
dynamic properties are significantly different in both types of colla-
gens (Asgari et al., 2017). We suggest that the SE formed predomi-
nantly by concentrically arranged collagen I, giving the JOO solidity
and resistance to stretching and compression. The dense connective
tissue that surrounds the small neurovascular bundles that reach the
JOO serves to fix it to the neighbouring tissue. In addition, the SI
principally formed by radially arranged collagen Il provides the elas-
tic properties to JOO. However, immunostaining of collagen type IlI
is also slightly noticed in the SE. These results are consistent with
the general distribution and function of collagen types (Gelse et al.,
2003). Indeed, collagen type lll is associated with collagen type | in
many tissues (Kuivaniemi & Tromp, 2019).

The importance of the JOO stroma during development has
been reported previously. In rats, there is evidence that it is derived
from the neural crest (Velasco et al., 2012). Furthermore, it has also
been suggested that the melanin pigmentation identified within the
JOO stroma in human adults is produced by melanocytes derived
from the neural crest (Ide et al., 2003). Recently, it has also been re-
ported that the stroma presents perineural characteristics (Suarez-
Quintanilla et al., 2020).

The JOO is located in the pterygomandibular region in relation
to the buccal nerve. Its topographical relationships with the masti-
catory muscles, the buccinator muscle and the pterygomandibular
raphe, as well as the organization of its stroma, suggest that JOO
acts as a mechanoreceptor stimulated by actions such as chewing
or swallowing.

The knowledge of the topography and histology of the JOO can
help to avoid misinterpretations related to the invasive front of carci-
nomas. Indeed, some microscopic features have been reported to be
helpful in differentiating between the JOO and invasive perineural
carcinoma (Miiller, 2016; Pantanowitz & Balogh, 2003). In addition,
this report also suggests that the immunoexpression of collagen
types | and Il in the stroma of the JOO seems to be consistent with
its role as a mechanoreceptor.
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FIGURE 2 Juxtaoral organ (JOO) histology. (a) Longitudinal section of the JOO; haematoxylin-eosin staining. SE, stratum fibrosum
externum. Scale bar, 1 mm. (b-h) Frontal histological sections of the JOO. (b) VOF-III staining showing that is made up of epithelial nests

(e) that form the multilobulated parenchyma surrounded by loose connective tissue (stratum fibrosum internum, Sl), and dense connective
tissue (stratum fibrosum externum, SE) frame by the white line. The black line frames bundles of dense connective tissue attaching the

JOO to the tissue surrounding it. Scale bar, 50 um. (c) Detail of an epithelial nest where the nuclei of the peripheral epithelial cells are
polarized towards the basement membrane (arrowheads). Scale bar, 100 um. (d) Detail of the stratum fibrosum externum showing fibroblasts
(arrowheads) and blood vessels (V). Scale bar, 100 pm. (e) Detail of the JOO showing nerve fibres (n) in the stratum fibrosum internum

(Sl) in relation to continuity between epithelial nests (arrows); white asterisk, vesicle with amorphous material; arrowheads, basement
membrane. Scale bar, 20 pm. (f) Picrosirius red staining: the white line frames the stratum fibrosum externum (SE); the collagen of the SE

is arranged in concentric layers and the collagen of the stratum fibrosum internum is arranged radially (arrowheads). Scale bar: 100 pm.

(g) Immunoexpression of collagen I: the black line frames the SE (e, epithelial nest). Scale bar: 50 pm. (h) Immunoexpression of collagen

type Il was predominantly in the stratum fibrosum internum (Sl); however, there is slight immunostaining in the stratum fibrosum externum.
Scale bar: 50 pm
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