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Background: This paper aims to comparatively observe similarities of squa-
mous-columnar junction (SCJ) at the opening of Von Ebner’s glandular ducts at
the vallate papillae in dogs, mice, rats and humans, lay a foundation for the selec-
tion of the model in future study of the carcinogenesis in SCJ at vallate papillae.
Materials and methods: The localization of the vallate papillae in three laboratory
animals and humans was comparatively observed. The differences of SCJ at vallate
papillae were comparatively observed by alcian blue, immunohistochemistry and
H&E staining.

Results: Anatomically, the canine vallate papillae were most similar to those of
humans in location, whereas mice and rats only had a single, Q-shaped, vallate
papilla lying directly anterior to the posterior border of the intermolar eminence.
In histology, the SCJ of dogs lacked a transition zone similar to that of the human
SCJ, and there was glandular epithelium secreting acidic mucus at the opening of
the rats’ Von Ebner’s glandular ducts. All of this suggested that the histological
structure of SCJ in rats and dogs is more distinct from that of humans, whereas
the histological structure of SCJ at vallate papilla in mice was more similar.
Conclusions: The structure of SCJ at vallate papilla in mice is most similar to that
of humans, so we conclude that mouse is the most suitable model for studying
tumourigenesis in SCJ at vallate papillae in these three common laboratory animals.
(Folia Morphol 2024; 83, 3: 667-679)
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INTRODUCTION

Oropharyngeal squamous cell carcinoma (OPSCC),
which comprises cancers of the tonsils, base of tongue,
soft palate and posterior walls of the oropharynx, is
a significant subset of head and neck squamous cell car-
cinoma (HNSCC) [16, 20]. OPSCC arises most commonly
from the palatine and lingual tonsils [6, 24]. As a major
risk factor for OPSCC [4, 25, 31], human papilloma virus
(HPV) preferentially targets the unique reticulated squa-
mous epithelium lining the tonsillar crypts and fissures
structures of the basal layer, and this highly specialized
epithelium is the critical reason why HPV-mediated OP-
SCC is mostly located in these specific sites [13]. Due
to the reticulated epithelium, previous studies on the
carcinogenesis of OPSCC have mainly focused on the
lingual and palatine tonsils, and there has been no
correlational study on other oropharyngeal regions.

The transition zone between different types of
epithelium is now known to be a high hazard area for
precancerous lesions and carcinomas [12, 22, 33]. In
the cervix and anus, the squamous-columnar junction
(SQJ), as an HPV-susceptible transition zone, has been
extensively studied. At present, the SCJ, which resides
at the boundary of the ectocervix and endocervix, is
widely recognized as a prime target of HPV infection
and subsequent carcinoma development [11]. And the
large majority of high-grade squamous intraepithelial
lesions and uterine cervical cancers arise in this area
[18]. In the anus, SO is also strongly associated with
the development of low-grade and high-grade anal
intraepithelial neoplasia (AIN) and anal cancer caused
by HPV [26]. Furthermore, the conversion from SCJ to
transformation zone is not limited to HPV infection.
In the gastroesophageal junction, a similar conversion
process can be caused by chronic gastroesophageal
reflux disease, which can lead to the transformation
of the stratified squamous epithelium into columnar
epithelium to form Barrett’'s oesophagus and eventual-
ly carcinoma [9]. In previous study, we have found the
transition zone, which is similar to SCJ that can lead to
the development of cervical and anal carcinomas, at
the vallate papillae of human and mouse. Furthermore,
we have also found structurally similar transforma-
tion zones following squamous metaplasia in vallate
papillae to those following squamous intraepithelial
lesions in the cervix. And we have also successfully
induced the conversion of SCJ at the opening of Von
Ebner’s glandular duct in the 4-nitroquinoline-1-oxide
(4-NQO) -treated mouse model of oral squamous cell
carcinomas [5]. Therefore, We have speculated that
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SCJ of Von Ebner’s glands maybe a significant origin
of squamous cell carcinomas in base of the tongue.

At present, there were very few studies on how
such particular structures at the opening of Von Eb-
ner’s glandular duct can be stimulated to take place
squamous metaplasia to form transformation zones
and further carcinogenesis. Moreover, due to the
restrictions of medical ethics, it is difficult to obtain
tissue samples at various stages of carcinoma at SCJ
of Von Ebner’s gland in clinical practice. Therefore,
it is in great need of a appropriate animal model for
research. This study aims to comparatively observe
similarities of SCJ at the opening of Von Ebner’s glan-
dular ducts at the vallate papillae (Known as vallate
papillae in rodents [14]) in three common laboratory
animals in the field of stomatology (Dogs, mice and
rats) using immunohistochemistry staining with SCJ
markers [Cytokeratin 7(CK7), Cytokeratin 5(CK5), and
Tumour Protein P63(p63)] [17, 19, 23, 33], and com-
pare with human beings’. And the serous Von Ebner’s
glands are determined by alcian blue staining. On this
basis, we will preliminarily determine the similarity of
the histological structures of each animal to that of
human and lay the foundation for the selection of the
model in subsequent animal experiments.

MATERIALS AND METHODS

Sample collection

All procedures were conducted according to the
guidelines assigned by The First Affiliated Hospital of
Guangxi Medical University ethical review committee,
China (Approval No. 2023-E055-01).

Tongues from mice (n = 20), rats (n = 20), and
dogs (n = 10) were obtained after the euthanasia of
animals that had been used in other studies. The lo-
calization of the vallate papillae was demonstrated by
anatomical dissection. Photographs of fresh tongue
tissues were taken using a digital camera (Canon EOS
300D, Diegem, Belgium).

Ten vallate papillae of mice and rats were respec-
tively obtained in the sagittal and coronal planes,
and 10 vallate papillae of dogs were obtained. These
samples were fixed in 4% buffered paraformaldehyde
at room temperature for 24 hours. dehydrated in
a tissue processor (Microm STP420D, Prosan, Merel-
beke, Belgium), and embedded in paraffin using an
embedding station (Microm EC350-1 and 350-2,
Prosan, Merelbeke, Belgium).

Paraffin samples of 10 cases of tongue squamous
cell carcinomas that had been excised in surgery and
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diagnosed by pathology between September 2021
and May 2022 from the Affiliated Stomatological Hos-
pital of Guangxi Medical University were selected, and
the vallate papillae of normal tissues around the car-
cinomas were resected for further experimental study.

Five 4-um serial sections were obtained from each
sample.

Haematoxylin and eosin staining

The paraffin was removed from the samples using
four changes of xylene for 5 min each. The slides were
hydrated in gradient ethanol and rinsed three times
in tap water. The samples were stained for 7 min in
Harris’ haematoxylin solution, and the slides were
rinsed three times in tap water. Then the samples
were stained in eosin solution for 2 min, the slides
were rinsed three times in tap water, conventionally
dehydrated in alcohol, and cleared in three changes
of xylene for 2 min each. Finally, each slide was sealed
with neutral balsam.

Immunohistochemistry for CK7, CK5 and p63

For immunostaining, 4 um longitudinal sections of
the paraffin-embedded samples were kept at 60°C for
3hin the oven and then followed by deparaffinizing
with xylene and hydrating with an ethanol gradient
(100-70%), washed three times in distilled water,
heated in a pressure cooker in Tris-EDTA (pH = 9.0)
to retrieve antigenic activity, and then cooled at room
temperature. Endogenous peroxidase activity was
inhibited by incubation with 3% hydrogen peroxide
for 20 minutes at 37°C. After nonspecific reactions
had been blocked, the sections were incubated over-
night at 4°C with primary antibodies: CK5 (OTI1C7,
1:200; ZSGB-BIO, Beijing, China), CK7 (EP16, 1:200;
ZSGB-BIO, Beijing, China) and p63 (4A4+UMAB4,
1:200; ZSGB-BIO, Beijing, China). The next day, the
sections were rinsed and incubated with biotiny-
lated goat anti-mouse immunoglobulin G (IgG) for
20 minutes at 37°C. Careful rinses were performed
with several changes of PBS buffer between each stage
of the procedure. Then the colour was developed with
3,3'-diaminobenzidine(DAB) and the sections were
counterstained with haematoxylin. Finally, the slides
were conventionally dehydrated in alcohol, cleared in
xylene, and each slide was sealed with neutral balsam.

Alcian blue staining

The paraffin was removed from the samples for
alcian blue staining in four changes of xylene for 5 min
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each. The slides were hydrated in gradient ethanol,
rinsed the slides three times in tap water. Then the
slides were equilibrated in 5% acetic acid for 3 min,
stained in alcian blue solution (PH = 2.5) for 30 min,
and rinsed in running tap water for at least 5 min.
The slides were then counterstained for 5-10 min
with nuclear fast red staining solution before being
rinsed for at least 1 min in running tap water. Finally,
the slides were conventionally dehydrated in alcohol,
cleared in xylene, and sealed with neutral balsam.

Microscopic observation

The similarities of SCJ at the opening of Von Eb-
ner’s glandular duct at the vallate papilla in humans,
dogs, mice and rats were comparatively observed with
haematoxylin and eosin (H&E), immunochemical and
alcian blue staining, and all slides were examined by
light microscopy (Eclipse Ni-U, Nikon, Tokyo, Japan).

RESULTS

Comparison of anatomical location of contoured
papillae in rats, mice and dogs

An eminence was seen at the junction of the
anterior two-thirds and the posterior one-third of
the dorsum of the tongue, called the inter molar em-
inence. Its posterior border resembled human’s sulcus
terminalis, and a single, Q-shaped, vallate papilla
lied directly anterior to it. The anatomical structure
of the rat’s tongue was similar to that of the mouse,
A single vallate papilla of rat was also located in the
slightly anterior median of the posterior border of
the inter molar eminence. The anatomical location
of the canine vallate papilla was similar to that of the
human, Two or three papillae were arranged close
to each other forming a line on either side, and the
two lines converged from front to back on the lingual
surface. Vallate papillae were circular, about 4-6 in
number. Each papilla measured 2-3 mm in diameter
and was surrounded by a deep wide vallate papilla
furrow, and the lingual mucosa outside the vallate
papilla furrow was slightly elevated, forming the
papilla vallate’s boundary (Fig. 1).

Observation of SCJ in human vallate papillae
with H&E, immunohistochemical and alcian blue
staining

Taste buds were only visible in the lateral wall of the
vallate papilla furrow in human vallate papillae. The
transition zone of SCJ was present closer to the bot-
tom of the furrow, approximately 10~20 cells in size,
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Figure 1. Anatomic localization of vallate papillae in mouse, rat and dog. A, B. Total tongue and vallate papilla (arrow) of mice; C, D. Total
tongue and vallate papilla (arrow) of rats; E, F. Total tongue and vallate papilla (arrow) of dogs. (B, D, F corresponds to the structure in A, C, E

dotted space respectively).

Figure 2. H&E staining of SCJ in human vallate papillae. Pseudostratified columnar epithelium could be seen in the columnar epithelial zone,
it gradually migrated as a single layer of columnar epithelium at the transition zone and was always located above basal-like cells; stratified
squamous epithelium could be seen in the squamous epithelial zone. H&E — haematoxylin and eosin; SCJ — squamous-columnar junction.

a single layer of columnar epithelium migrating from
3~4 layers of pseudostratified columnar epitheliumin
the columnar epithelial zone of the duct was observed
and always located above basal-like cells, which were
finally replaced by non-keratinized stratified squa-
mous epithelium. The squamous epithelial zone be-
side the SCJ consisted of 7~8 layers of non-kerati-
nized stratified squamous epithelium, which was
gradually in transition to the keratinized squamous
epithelium as it got further away from the transition
zone. Intercellular bridges could also be seen in the
transitional zone and stratified squamous epithelium
(Fig. 2). The expression of CK7 could be seen in the
taste buds of the squamous epithelial zone. In addi-
tion, CK7 positive monolayer columnar epithelia were
found in the surface layer of SCJ. CK5 was expressed in
the squamous epithelial zone as well as the lower lay-
er of the transition zone. The consecutive expression
of p63 could be seen in the basal layer of the squa-
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mous epithelial zone and the transition zone (Fig. 3).
The Von Ebner’s glands around vallate papillae had
serous acini, each of which consisted of several cells
with different shapes such as oval, spherical and
pyramidal. And they were embedded in the skeletal
muscles and submucosa of the posterior dorsum of
the tongue, surrounding the single vallate papilla.
Striated, intercalated and stratified columnar ducts
could be seen in Von Ebner’s glands. The reaction of
serous acini of the Von Ebner’s glands to the alcian
blue staining was negative (Fig. 4).

Observation of SCJ in canine vallate papillae
with H&E, immunohistochemical and alcian blue
staining

In dogs, the duct of Von Ebner’s glands opened
at the base of the vallate papilla furrow. Multiple
taste buds were located in the walls of their furrows
in vallate papilla. The keratinized stratified squamous
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Figure 3. IHC staining of SCJ in human vallate papillae. The expression of CK5 could be seen in the squamous epithelial zone and the lower
layer of the transition zone (A, D); CK7 positive monolayer columnar epithelia could be seen in the surface layer of SCJ (B, E); p63 was con-
secutively expressed in the basal layer of the squamous epithelial zone and transition zone (C, F). SCJ is shown in the dotted line area. IHC —

immunohistochemistry; SCJ — squamous-columnar junction.

Figure 4. Alcian blue staining of glands near human vallate papillae. Image showed negative reaction of serous acini to alcian blue (pH = 2.5)

staining.

Figure 5. H&E staining of SCJ in canine vallate papillae. H&E staining shows the pseudostratified columnar epithelium was directly connected
to the stratified squamous epithelium. H&E — haematoxylin and eosin; SCJ — squamous-columnar junction.

epithelium lining the wall of the vallate papilla fur-
row was directly connected to the pseudostratified
columnar epithelium at the furrow’s base, lacking the
transition zone seen at the human S (Fig. 5). CK7
was found in the entire columnar epithelial zone as
well as taste buds in the squamous epithelial zone.
CK5 was expressed in the whole squamous epithe-
lial zone and the external muscular layer epithelium
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of the acini. CK5-positive ductal epithelial reserve
cells were found in the columnar epithelial zone. The
consecutive expression of p63 could be seen in
the basal layer of the squamous epithelial zone and the
columnar epithelial zone (Fig. 6). Von Ebner’s glands
around vallate papillae, which were composed exclu-
sively of serous acinar epithelium and interlobular
excretory ducts, were divided into several lobules by
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Figure 6. IHC staining of SCJ in canine vallate papillae. CK5-positive ductal epithelial reserve cells were found in the columnar epithelial zone
(A, D), and the columnar epithelial zone of full-layer CK7 expression was directly linked to the squamous epithelial zone of full-layer CK5 ex-
pression (B, E). The consecutive expression of p63 could be seen in the basal layer of the squamous epithelial zone and the columnar epitheli-
al zone (C, F). IHC — immunohistochemistry; SCJ — squamous-columnar junction.

Figure 7. Alcian blue staining of SCJ in canine vallate papillae. Alcian blue staining showed negative reaction in Von Ebner’s glands, in which
alcian blue staining positive mucous acini were scattered. SCJ — squamous-columnar junction.

connective tissue septa. The reaction of serous acini
of the Von Ebner’s glands to the alcian blue staining
was negative. Scattered Weber glands that respond
positively to alcian blue staining were seen in Von
Ebner’s acinar (Fig. 7).

Observation of SCJ in mice’s vallate papillae
with H&E, immunohistochemical and alcian blue
staining

The duct of mice's Von Ebner’s glands opened
below the taste buds at the bottom of the vallate
papilla furrow. The keratinized stratified squamous
epithelium lining the wall of the vallate papilla furrow
was gradually in transition to the non-keratinized
stratified squamous epithelium after entering the
duct segment and connected to the transition zone
of the duct. The transition zone consisted of a single
layer of columnar epithelium on the luminal side and
basal-like cells beneath it. The columnar epithelial
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zone at the start of the duct was composed of 2-3
layers of pseudostratified columnar epithelium and
was connected to the serous acini. Coronal sections of
the vallate papilla in mice revealed a fungiform form
similar to that of humans, as well as a furrow on both
sides. Taste buds were found to be distributed not
only in the wall of the vallate papilla furrow but also
at the furrow’s base, and Von Ebner’s glandular ducts
opened below the taste buds at the base of the vallate
papilla furrow (Fig. 8). The expression of CK7 could
be seen in the taste buds of the squamous epithelial
zone. The surface layer of the transition zone also
found to contained CK7-positive monolayer colum-
nar epithelia. And CK7 was expressed in the whole
columnar epithelial zone at the start of the duct. CK5
was expressed in the whole squamous epithelial zone,
the external muscular layer epithelium of the acini and
the lower layer of transition zone. The consecutive
expression of p63 could be seen in the basal layer of
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Figure 8. H&E staining of SCJ in mouse’s vallate papilla. (A—C in sagittal plane; D—F in coronal plane) The transitional zone was located in the
middle and upper segment of the duct and consisted of a single layer of columnar epithelium on the luminal side and basal-like cells beneath it
(A-C). Coronal sections of the vallate papilla in mice showed a fungiform form similar to that of humans, and the vallate papilla furrow on both
sides (D-F). H&E — haematoxylin and eosin; SCJ — squamous-columnar junction.

the squamous epithelial zone ,transition zone and
the columnar epithelial zone (Fig. 9). The Von Ebner’s
glands at vallate papilla were composed exclusively of
serous acini and interlobular excretory ducts. Serous
acini of Von Ebner’s glands were negative for alcian
blue staining. Weber glands were found along the
lingual border side and the base of the tongue side
of the vallate papilla, which were strongly positive
for alcian blue staining (Fig. 10).

Observation of SCJ in rats’ vallate papilla with
H&E, immunohistochemical and alcian blue
staining

The structure of SCJ in rats’ Von Ebner’s glandular
ducts is basically similar to that of mice. But rats’ Von
Ebner’s glandular ducts were more tortuous. Moreo-
ver, the duct of muco-secreting Weber’s glands and
Von Ebner’s glands jointly opened at the bottom of
the vallate papilla furrow (Fig. 11). The expression
of CK7, CK5 and p63 was similar to that of mice
(Fig. 12). Von Ebner’s glands were divided into several
lobules by connective tissue septa and their serous
acini were negative for alcian blue staining. Alcian
blue-positive Weber glands were found at the open-
ing of Von Ebner’s glandular ducts and the lingual
border side and the base of the tongue side of the
vallate papilla. And there were glandular epithelium
secreting acidic mucus at the opening of Von Ebner’s
glandular duct, which was strongly positive for alcian
blue staining (Fig. 13).
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DISCUSSION

Current studies of OPSCC have mainly focused on
the tonsils, whereas rats and mice are rarely used in
studies of OPSCC because their oropharynx (includ-
ing the root of the tongue) lacks the Waldeyer’s ring
similar to the human tonsils and other oropharyngeal
lymphoid tissues (It means the lack of unique reticu-
lated squamous epithelium which lines the crypts and
fissures structures of tonsils) [14]. The SCJ of vallate
papilla has attracted much attention as a possible
origin of OPSCC, and the lack of relevant models is
an urgent issue that we need to address now.

Mice, rats and dogs are commonly used as labora-
tory animals in the field of stomatology and are widely
used in the study of oral squamous cell carcinoma [3,
10, 29]. This study attempts to explore the possibility
of constructing an OPSCC research model based on
these three common oral squamous cell carcinoma
animal models through histological observation and
comparison.

In dogs, images showed that Von Ebner’s glan-
dular ducts lacked a transition zone similar to that of
the human SCJ. At the opening of Von Ebner’s glan-
dular ducts at the base of the furrow, the keratinized
stratified squamous epithelium lining the wall of the
vallate papilla furrow was directly connected to the
pseudostratified columnar epithelium. In addition,
alcian blue staining showed the presence of mucous
Weber glands near Von Ebner’s glands, but no direct
opening at the vallate papillae.
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Figure 9. IHC staining of SCJ in mouse’s vallate papilla. (A—F in sagittal plane; G-L in coronal plane) CK5 was expressed in the whole squa-
mous epithelial zone and the lower layer of the transition zone (A, D, G, J). CK7 was expressed in the whole columnar epithelial zone at the
start of the duct and the taste buds of the squamous epithelial zone and CK7 positive monolayer columnar epithelia was present in the surface
layer of transition zone (B, E, H, K). p63 was expressed consecutively in the basal layer of the squamous epithelial zone, transition zone and
the columnar epithelial zone (C, F, I, L). IHC — immunohistochemistry; SCJ — squamous-columnar junction.

The structures around SCJ of Von Ebner’s glan-
dular ducts in rats and mice are similar. Compared
with human, the taste buds of rats and mice not only
existed in the lateral wall of the vallate papilla furrow,
but also at the base of the vallate papilla furrow. The
Von Ebner’s glandular duct of rats and mice opened
below the taste buds at the base of the vallate pa-
pilla furrow. And the presence of CK5-positive ductal
epithelial reserve cells (These cells have the features
of stem cells, which can repair and regenerate ductal
and acinar cells but also have the potential to trans-
form into cancer stem cells [28]) in the SCJ of their
Von Ebner’s glands similar to that in the SCJ of the
human vallate papilla was also observed. After ob-
servation, we found that it is easier to observe the
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complete structure of the Von Ebner’s glandular duct
in rats and mice through sagittal plane. Although the
coronal plane can observe the structure of fungiform
vallate papilla similar to that of humans, it is difficult
to obtain the complete structure of the Von Ebner’s
glandular duct. If researchers want to study SCJ of the
Von Ebner’s glandular duct through rats and mice, the
sagittal plane can obtain better observation effect.
In addition, images also showed the presence
of alcian blue positive Weber's glands around Von
Ebner’s glands in rats and mice. Weber's glands are
mucous with serous demilunes, lying lateral and pos-
terior to the Von Ebner’s gland associated with the
vallate papilla, and they are very close to each other.
There are even scattered mucous acini of Weber’s
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Figure 10. Alcian blue staining of SCJ in mouse’s vallate papilla. (A-C in sagittal plane; D—F in coronal plane) Alcian blue staining showed
negative reaction to serous acini of Von Ebner’s glands. Alcian blue positive mucous acini were found along the lingual border side and the
base of the tongue side of the vallate papilla. SCJ — squamous-columnar junction.

Figure 11. H&E staining of SCJ in rat’s vallate papilla. (A-C in sagittal plane; D—F in coronal plane). The transitional zone was located in the
middle and upper segment of the duct and consisted of a single layer of columnar epithelium on the luminal side and basal-like cells beneath
it. the duct of muco-secreting Weber’s glands and Von Ebner’s glands jointly opened at the bottom of the vallate papilla furrow (A-C). Coronal
sections of the vallate papilla in mice showed a fungiform form similar to that of humans, and the vallate papilla furrow on both sides (D-F).
H&E — haematoxylin and eosin; SCJ — squamous-columnar junction.

glands among the serous acini of Von Ebner’s gland.
Weber's glands, however, lack striated and stratified
columnar ducts, and the tubulo-acini drain abrupt-
ly into short terminal ducts composed of stratified
squamous epithelium [30]. In most rat samples, it
could been noted that there were extra glandular
epithelium secreting acidic mucus at the opening of
Von Ebner’s glandular ducts at the base of the vallate
papilla furrow, but almost nothing similar had been
observed in mice (Fig. 14).
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Some research suggests that this may be related
to the fact that the Weber's glands and Von Ebner’s
glands in rats are more closely located and their ex-
cretory ducts converge into a duct at the bottom of
the vallate papilla furrow. In human vallate papillae,
serous Von Ebner’s glands are the main glands, while
Weber’s glands are mainly located in lingual tonsil,
the lateral and posterior to the Von Ebner’s gland
associated with the vallate papilla. And there are no
reports that Weber’s glands open at the bottom of
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Figure 12. IHC staining of SCJ in rat’s vallate papilla. (A-F in sagittal plane; G-L in coronal plane) CK5 was expressed in the whole squamous
epithelial zone and the lower layer of the transition zone (A, D, G, J). CK7 was expressed in the whole columnar epithelial zone at the start of
the duct and the taste buds of the squamous epithelial zone and CK7 positive monolayer columnar epithelia was present in the surface layer
of transition zone (B, E, H, K). p63 was expressed consecutively in the basal layer of the squamous epithelial zone ,transition zone and the
columnar epithelial zone (C, F, I, L). IHC — immunohistochemistry; SCJ — squamous-columnar junction.

vallate papilla furrow. Therefore, we suggest that the
histological structure near SCJ of Von Ebner’s glan-
dular duct in mice is more similar to that in humans
than in rats.

Besides, the epidemiologic features of OPSCC have
changed dramatically in the past decades. The num-
ber of OPSCC associated with smoking, alcohol abuse
and poor oral hygiene has declined sharply, while the
incidence of HPV-associated OPSCC has steadily in-
creased globally. Oropharynx now surpasses the cervix
as the most common site for HPV-associated cancers
in the United States, and analogous tendencies have
been observed in Europe and Asia [31]. Nowadays,
HPV infection has become the most important hazard
factor for OPSCC, and some studies have indicated
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that the increase in oropharyngeal cancer around the
world is attributable to HPV. Therefore, animal models
that can simulate the carcinogenesis of HPV infection
in the oropharynx will provide great value for studying
the development and treatment of these cancers.
HPV is an infectious pathogen, and sexual contact
is its dominant mode of transmission. Due to the
dependence of the HPV life cycle on the differentia-
tion programme of keratinocytes [21] and the strict
species-specificity of HPV to not infect any other host
than their natural one even in experimental condi-
tions [2], it is difficult to establish in vitro models
of HPV infection. In the course of HPV-associated
carcinogenesis, E6 and E7, as the major HPV onco-
proteins, are key factors in maintaining the malignant
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Figure 13. Alcian blue staining of SCJ in rat's vallate papilla. (A-C in sagittal plane; D-F in coronal plane). Alcian blue staining showed nega-
tive reaction to serous acini of Von Ebner’s glands, and alcian blue positive mucous acini were found at the opening of Von Ebner’s glandular
ducts and the lingual border side and the base of the tongue side of Von Ebner’s glands. And there were alcian blue positive glandular epitheli-

um at the opening of Von Ebner’s glandular duct.

Figure 14. Comparative observations on the SCJ of Von Ebner’s
gland in dogs, rats, mice and human. In dog, Von Ebner’s glandular
ducts lacked a transition zone similar to that of the human SCJ. In
rat, there were glandular epithelium secreting acidic mucus at the
opening of the Von Ebner’s glandular duct. The structures near the
SCJ in mice were more similar to those in human than in dogs and
rats. SCJ — squamous-columnar junction.

phenotype of HPV-positive cancer cells [8, 32]. With
the development of genetic technology, genetically
engineered mice have provided valuable insights into
the carcinogenic properties of various human tumour
viruses [15]. To further explore the role of HPV in car-
cinogenesis, a transgenic mouse model carrying the
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entire HPV16 early genomic region under the control
of the Keratin-14 promoter and a spontaneous HPV16
E6/E7-expressing head and neck squamous cell car-
cinoma model in HLA-A2 transgenic mice have been
successfully created and put into use [7, 27]. The use
of these mouse models has made a remarkable con-
tribution to our understanding of how HPV directly
causes cancer in humans. In addition, the mouse
has its own specific papillomavirus — mouse papil-
lomavirus (MmuPV1), which is capable of infecting
laboratory mice. Some scholars have developed an
efficient system using MmuPV1 to generate dysplastic
oropharyngeal lesions, including tumours, in the soft
palate and the base of the tongue of two immune-de-
ficient strains of mice [1]. This HPV-infection-based
mouse model of oropharyngeal tumorigenesis can
better reproduce the entire process of papilloma-
viruses from infection to tumorigenesis, which will
facilitate the study of oropharyngeal tumorigenesis
and potential treatments. In contrast, the specificity
of the histological structure and the sensitivity of ge-
netic engineering techniques in rats and dogs make it
more difficult to establish HPV-related animal research
models that can reproduce the whole process of pap-
illomaviruses from infection to tumorigenesis at Von
Ebner’s glands in the base of the tongue.

CONCLUSIONS

Among three animals — dogs, rats, and mice
which are commonly used as laboratory animals in the
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field of stomatology, the structure of SCJ of mouse’s
Von Ebner’s glandular ducts is most similar to that
of human. Together with the mature application of
genetic engineering techniques in mice and the spe-
cific advantages of the MmuPV1 infection mouse
model, we argue that mouse the most suitable animal
for studying tumorigenesis in SCJ at the opening of
Von Ebner’s glandular duct at the base of the vallate
papilla furrow among these three animals.
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