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Abstract
Objective  The aim of this study was to investigate whether the base of the tongue harbours a transformation zone (TZ), i.e., 
an initiation site for papillomavirus infection, analogous to that in the uterine cervix by examining the histological structure 
of Von Ebner’s gland ducts in the vallate papillae.
Methods  Immunohistochemical staining and immunofluorescence techniques were used to detect markers associated with the 
uterine cervical TZ in the vallate papillae, and these results were compared with those in uterine cervical tissue. Additionally, 
tongue samples from mouse papillomavirus (MmuPV1)-infected mice were analysed to test our hypothesis.
Results  The specific expression of CK17 in the squamous epithelium of the vallate papillae indicated the presence of imma-
ture squamous epithelium, arising from the transformation of reserve cells in this region. Moreover, a s determined using 
virus-infected mice, the TZ at the base of the tongue was a significant site for papilloma virus infection.
Conclusions  This is the first study to reveal the presence of a TZ in the vallate papillae, as determined by the presence of 
reserve cells and immature squamous epithelium, suggesting that the base of the tongue is a significant site for papilloma-
virus infection. This finding provides an entry point for the early prevention and diagnosis of HPV-associated lesions in the 
oropharynx.

Keywords  Transformation zone (TZ) · Papillomavirus · Vallate papillae · Base of tongue · Squamous‒columnar junction 
(SCJ)

Introduction

The incidence of oropharyngeal carcinoma is increasing, and 
oropharyngeal carcinoma has become the most prevalent 
squamous head and neck carcinoma in some parts of the 
world. Currently, the incidence of oropharyngeal carcinoma 
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continues to increase significantly at a rate of 3% per year 
(Porceddu et al. 2024; Zumsteg et al. 2023). In certain Euro-
pean countries, the incidence of oropharyngeal carcinoma 
has tripled over the past three decades (Lehtinen et al. 2021). 
Although traditional risk factors for oropharyngeal carci-
noma include smoking and alcohol consumption, this surge 
is largely attributed to the increasing incidence of human 
papillomavirus (HPV) infection. In the United States, the 
incidence and healthcare burden of HPV-associated oro-
pharyngeal carcinoma have surpassed those of HPV-related 
uterine cervical carcinoma (Dorta-Estremera et al. 2019). To 
conduct in-depth research on the pathogenesis of oropharyn-
geal carcinoma, we must further understand the mechanisms 
related to HPV infection in the oropharynx.

Oropharyngeal carcinoma predominantly manifests in 
specific locations, such as the base of the tongue, tonsils, 
and soft palate, with squamous cell carcinoma being the 
most common histological type (Marur et al. 2010). Uterine 
cervical carcinoma frequently arises following HPV infec-
tion, with infectious sites and precursor lesions primarily 
developing in the transformation zone (TZ) of the uterine 
cervix. This region, characterized by the replacement of 
columnar cells with squamous epithelial cells, is estab-
lished through the interaction of these two cell types at the 
squamous‒columnar junction (SCJ). This process, known 
as squamous metaplasia, occurs adjacent to the SCJ (Liao 
and Manetta 1993; Mukonoweshuro et al. 2005; Reich et al. 
2017). Squamous metaplasia is believed to originate from 
uterine cervical reserve cells, which are located beneath the 
columnar cells of the endocervical epithelium. During sex-
ual maturity, the displaced columnar epithelium is gradually 
replaced by immature/mature squamous epithelium differ-
entiated from reserve cells, establishing a physiological SCJ 
in which displacement occurs. The TZ is defined as the area 
between the original and postpubertal physiological SCJs 
(Martens et al. 2009; Doorbar and Griffin 2019). Our previ-
ous research revealed an SCJ region at the interface of the 
squamous and columnar epithelium near Von Ebner’s gland 
ducts at the base of the vallate papillae in healthy humans. 
This region is akin to that found in the SCJ of the uterine 
cervix. The SCJ area is also hypothesized to be a critical 
origin for base of tongue carcinoma (Chen et al. 2022; Jach 
et al. 2021). The presence of an SCJ may indicate the pres-
ence of a TZ similar to uterine cervical squamous metaplasia 
at Von Ebner’s gland ducts in the vallate papillae, potentially 
serving as a predisposition site for HPV infection.

Previous studies using nude mouse models infected with 
mouse papillomavirus (MumPv1) revealed that papilloma-
virus-associated carcinoma mostly occurs at the circumval-
late region (equivalent to a human vallate papillae) (Cladel 
et al. 2016). However, the specific reason why papilloma-
virus-associated carcinoma in mice is confined to the cir-
cumvallate papillae region remains unclear. Importantly, 

papillomavirus infection experiments in mice have focused 
more on tumorigenesis and ignored early viral infection 
sites in the oropharynx. We speculate that the presence of 
TZ structures in the circumvallate papillae region of mice 
makes this region a susceptible site for papillomavirus infec-
tion prior to the development of lesions and, subsequently, 
a susceptible area for the associated carcinoma. Those pos-
sibilities need to be explored in-depth.

In studies of uterine cervical squamous metaplasia, 
cytokeratin 17 (CK17) is intracellularly expressed in imma-
ture squamous metaplasia of the uterine cervix, with its 
expression decreasing as squamous cells mature, ultimately 
becoming confined to basal cells upon full maturation into 
the squamous epithelium. Thus, CK17 is involved in the 
transition from immature to mature squamous metaplasia 
(Nilsson et al. 1983; Smedts et al. 1992; Ross et al. 1986). 
Nilsson and Smedts suggested that CK17 is expressed in 
uterine cervical reserve cells and that CK17 and p63 contain-
ing can be used to identify these cells (Martens et al. 2004). 
CK7, a marker for columnar epithelial cells, cytokeratin 5 
(CK5), a marker for squamous epithelial cells, and anterior 
gradient protein 2 homologue (AGR2) are also important 
markers for squamous metaplasia (Jiang et al. 2017). On 
the basis of the findings of previous studies, we tentatively 
speculate that CK7, CK5, and AGR2 are potential markers 
of the TZ at the vallate papillae.

In this study, we initially identified the presence of a TZ 
at the vallate papillae by observing the vallate papillae with 
a focus on reserve cells and immature squamous epithelium 
and preliminarily elucidated the histological features of the 
vallate papillae TZ. Furthermore, because the deeper ana-
tomical site and more complex physiological environment of 
the human oropharynx result in the inability to detect viral 
infection in the oropharynx and because of the impossibil-
ity of obtaining oropharyngeal tissue samples at the viral 
infection stage, the initial papillomavirus infection site in 
the oropharynx was investigated using MmuPV1-infected 
animals. Moreover, the TZ was used as a basis for a prelimi-
nary discussion of the histological mechanisms of early HPV 
infection in the vallate papillae.

Materials and methods

General data collection

Vallate papillae and uterine cervix specimens preserved 
at the Department of Pathology, First Affiliated Hospital 
of Guangxi Medical University, were collected between 
2020 and 2023. Ten formalin-fixed and paraffin-embedded 
(FFPE) samples of normal vallate papillae derived from 
tissues adjacent to surgically excised tongue squamous 
cell carcinoma were obtained. The age of the patients 
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ranged from 31 to 79 years, with an average of 56.5 years; 
6 patients were male, and 4 patients were female. Addi-
tionally, five FFPE samples of normal uterine cervix were 
obtained from hysterotomy samples from patients with 
heterotopic endometriosis or multiple uterine fibroids; the 
ages of the patients ranged from 35 to 48 years, with an 
average age of 41.4 years. All the human vallate papillae 
and human uterine cervix specimens were re-evaluated by 
two pathologists to ensure the absence of abnormal epi-
thelial proliferation and intraepithelial lesions. All patients 
included in the study provided follow-up data. None of 
the patients had received radiotherapy, chemotherapy or 
biotherapy before surgery.

Haematoxylin‒eosin (H&E), immunohistochemically, 
immunofluorescence, and in situ hybridization staining 
results were scrutinized and validated for research by 
at least two expert pathologists after receiving approval 
from the Ethics Committee of Guangxi Medical University 
(Approval No. 2024-E208-01).

Viral infection of mice

Six- to eight-week-old Crl:NU-Foxn1nu mice were 
obtained from Beijing Vital River Laboratory Animal 
Technology Co., Ltd. (Beijing, China). All the mice were 
anaesthetized with tribromoethanol (300  mg/kg). The 
methods used for the preparation and quantification of the 
viral inoculum can be found in previous studies (Hu et al. 
2015). The tip of the tongue was gently wounded with a 
27-gauge needle, and the mice were allowed to recover 
overnight. The following day, each mouse was again 
anaesthetized, and the virus inoculum (10 μl of viral stock 
solution in saline, 1.5 × 108 viral genome equivalents) was 
placed onto the prewounded sites with additional gentle 
abrasion with a plastic pipette tip.

To demonstrate the validity of the MmupvPV1 infection 
experiment, we used Quantitative-Polymerase Chain Reac-
tion (Q-PCR) analysis and monitored the viral load in oral 
swabs from infected animals at 2, 4, and 6 weeks after infec-
tion. Then, a small plastic brush dipped in saline was placed 
into the mouth, swirled several times, withdrawn and placed 
into a collection tube for DNA extraction.

A total of nine nude mice were used for this experiment 
and euthanized after the sixth week of infection. Tissues 
were then collected, fixed in 4% paraformaldehyde for 24 h, 
switched to 70% ethanol for 24 h, processed, embedded in 
paraffin, and sectioned (5 µm thick). Every 10th section was 
stained with H&E. All animal experiments were conducted 
following the guidelines approved by the Institutional Ani-
mal Care and Use Committee (IACUC) of the Institute of 
Laboratory Animal Science, Chinese Academy of Medical 
Sciences (Approval No. WW21002).

Viral load assessments

Oral swabs containing oral cells and saliva were placed in 
PBS. For DNA extraction, 5 μL of filtered virus mixture 
was obtained using a DNeasy Blood & Tissue Kit (Qia-
gen) following the manufacturer’s instructions; RNase-free 
water served as a negative control. The specific experimental 
methods used can be found in previous studies (Hu et al. 
2015). pMusPV was used to generate a standard curve for 
qPCR analysis. The primer pairs MmuPV1_E2_1 (5′-GCC​
CGA​AGA​CAA​CAC​CGC​CACG-3′) and MmuPV1_E2_2 
(5′-CCT​CCG​CCT​CGT​CCC​CAA​AAA​ATG​G-3′) and the 
probe FAM-TGC​CCT​TTC​AGT​GGG​TTG​AGG​ACA​G-MGB 
were used. TaqMan™ Gene Expression Master Mix was 
used for qPCR. Each reaction consisted of a final volume 
of 20 μL, containing 10 μL of TaqMan™ Gene Expression 
Master Mix, 1 μL of the MmuPV1_E2_1 primer, 1 μL of 
the MmuPV1_E2_2 primer, and 0.5 μL of the MmuPV1 
E2 probe, 1 μL of template DNA, and 6.5 μL of RNase-free 
water.

Immunohistochemistry, immunofluorescence 
and in situ hybridization

Formalin-fixed and paraffin-embedded tissue samples were 
utilized for immunohistochemical (IHC) analyses. For 
AGR2 (T55771, 1:150; ABmart, Shanghai, China) stain-
ing, sections were deparaffinized, dehydrated, and subjected 
to antigen retrieval by heating in citrate buffer (pH 6.0) at 
121 °C for 30 min, followed by cooling to room temperature. 
CK17 (bs-1431R, 1:200; Bioss, Beijing, China), CK7 (bs-
1610R, 1:200; Bioss, Beijing, China), and CK5 (bs-1060R, 
1:200; Bioss, Beijing, China) staining involved similar prep-
arations in Tris (hydroxymethyl) aminomethane-ethylenedi-
aminetetraacetic acid (Tris–EDTA) buffer (pH 9.0). Endoge-
nous peroxidase activity was inhibited via the addition of 3% 
hydrogen peroxide for 20 min. To avoid nonspecific binding, 
the sections were incubated overnight at 4 °C with primary 
antibodies against CK17, CK7, and CK5. The sections were 
subsequently treated with a secondary antibody (PV6000) 
for 20 min per the manufacturer’s guidelines, with intermit-
tent phosphate-buffered saline rinses. Colour development 
was achieved using diaminobenzidine, after which the sec-
tions were counterstained with haematoxylin.

For immunofluorescence, a Goat Anti-Mouse/Rabbit 
Multiplex IHC Detection Kit (18003, ZenBio, Chengdu, 
China) was used following the manufacturer’s instructions. 
The pretreatment steps, including deparaffinization and 
antigen retrieval, mirrored those used for IHC staining. The 
following primary antibodies were used: anti-CK17 (bs-
1431R, 1:200; Bioss, Beijing, China) and anti-p63 (bsm-
52514Rbs-0723R, 1:250; Bioss, Beijing, China). The sec-
ondary antibody was goat anti-mouse/rabbit HRP polymer. 
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Next, the tissue sections were incubated with TSA 520 Dye 
(enhanced with a TSA Enhancer) for 15 min in the dark. The 
steps from antigen retrieval to dye incubation were repeated 
until various tyramine fluorescein substrates were applied. 
Finally, the sections were counterstained with the nuclear 
dye DAPI and visualized using an Olympus FV3000 fluo-
rescence microscope.

For in situ hybridization (ISH) staining of mouse tissue 
sections, we used the RNAscope 2.5 HD Detection Rea-
gents-Brown (322310) and RNAscope Probe-MusPV-E6-E7 
probes (409771), which were purchased from Advanced Cell 
Diagnostics (ACD, Hayward, CA, USA). A horseradish per-
oxide enzyme-labelled probe and colorimetric readout were 
used for detection in situ.

Statistical analysis

Categorical variables were expressed as numbers (percent-
ages) and compared using the Fisher’s exact test. Continuous 
variables were expressed as medians (interquartile ranges). 
All tests were two-sided, with a significant level of p < 0.05. 
All data were analyzed using Statistical Product and Service 
Solutions (SPSS) 26.0.

Results

H&E staining of human vallate papillae

H&E staining revealed human Von Ebner’s glandular ducts 
at the base of the sulcus and the TZ of the SCJ above it. This 
region displayed nonkeratinized stratified squamous epithe-
lium, with maturing around the vallate papillae. Notably, 
Von Ebner’s glandular ducts were also observed on the lat-
eral wall of the sulcus (Fig. 1A, B).

Comparison of IHC and IF staining results 
for the vallate papillae and uterine cervix

CK5 was expressed throughout the squamous epithelium 
(Fig. 2A, E), whereas CK7 was predominantly found in the 
columnar epithelium. However, unlike the simple ciliated 
columnar epithelium at the uterine cervix, pseudostratified 
ciliated columnar epithelium was present at Von Ebner’s 
glandular ducts (Fig. 2B, F). The SCJ region was character-
ized by CK5 and CK7 expression at the edges of the val-
late papillae and the uterine cervix, with similar expression 
patterns observed near the SCJ in both locations. Except 
for taste buds, CK7 expression was largely absent from 
the squamous epithelium at the region of the vallate papil-
lae, whereas CK5 expression spanned the entire squamous 
region (Fig. 2A). In contrast, CK7 expression was higher in 
the superficial layer on the squamous side of the SCJ in the 
uterine cervix than in the vallate papillae. CK7 was intensely 
expressed in the columnar epithelial area of the SCJ in both 
the vallate papillae and the uterine cervix (Fig. 2B, F). Since 
simple ciliated columnar epithelium is present in the uterine 
cervix, CK5 was not detected in the basal layer of the colum-
nar epithelium in the uterine cervix (Fig. 2E), but CK5 was 
intensely expressed in the basal layer of the pseudostrati-
fied ciliated columnar epithelium in the vallate papillae 
(Fig. 2A), suggesting a possible trend towards squamous 
metaplasia of the columnar epithelium.

CK17 expression was localized to the cytoplasm. Above 
the SCJ region, a zone of CK17-positive nonkeratinized 
squamous epithelium extended to the apex of the vallate 
papillae and the surrounding squamous epithelium (Fig. 2C). 
The expression of AGR2, a marker of secretory function, 
was similar to that of CK17 above the SCJ region, suggest-
ing that some columnar epithelial secretory functions are 
preserved in CK17-expressing immature squamous epithelia 
(Fig. 2D). In mature squamous epithelium outside the vallate 

Fig. 1   Normal human vallate 
papillae. H&E staining of the 
vallate papilla; A ×4; B ×10
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papillae, CK17 expression was either absent or sporadically 
present in basal cells. Notably, the CK17 expression pattern 
adjacent to the SCJ region in both the uterine cervix and 
vallate papillae was basically similar: in the columnar epi-
thelium near the SCJ, CK17 was predominantly expressed 
in basal epithelial cells, with the number of CK17-positive 
basal cells decreasing with increasing distance from the SCJ 
region (Fig. 2C, G). Similarly, in both the uterine cervix 

and vallate papillae, CK17-positive immature squamous 
epithelium gradually disappeared at a certain distance from 
the SCJ area, representing further differentiation of imma-
ture squamous epithelium to mature squamous epithelium 
(Fig. 2E, F).

Concurrent CK17 and p63 expression beneath the 
columnar epithelium was used to identify reserve cells, 
with CK17/p63 coexpression in basal cells designating 

Fig. 2   The distribution and histological characteristics of the epithe-
lial transformation zone in normal human vallate papillae and uterine 
cervix were examined via immunohistochemistry. Red arrows denote 
the localization of CK17 and AGR2 in the vallate papillae. The black 
arrows indicate the SCJ. CK5 IHC staining of the vallate papillae and 

uterine cervix; A ×4 and ×20; E ×4 and ×20. CK7 IHC staining of 
the vallate papillae and uterine cervix; B ×4 and ×20; F ×4 and ×20. 
CK17 IHC staining of the vallate papillae and uterine cervix; C ×4 
and ×20; G ×4 and ×20. D AGR2 IHC staining of the vallate papil-
lae; ×4 and ×20
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them as reserve cells. Double immunofluorescence locali-
zation was used to precisely delineate the distribution of 
reserve cells (Fig. 3A, B), following the assessment of the 
immunohistochemical staining results for CK17 and p63 
in the vallate papillae. For immunofluorescence staining, 
p63 was used to stain cell nuclei red, and CK17 was used 
to stain cytoplasm green. Both immunohistochemistry 
and immunofluorescence staining revealed reserve cells 
concentrated in the basal layer of the columnar epithelium 
near the SCJ region (Fig. 3C–F). Compared with previous 
studies (Regauer and Reich 2021), the distribution char-
acteristics of reserve cells in the SCJ area of the vallate 
papillae were similar to those of the uterine cervix.

Viral detection in the oral cavity

We identified MmuPV1 in oral swabs at 2 weeks post infec-
tion, marking the earliest time point at which we conducted 
tests to minimize the risk of interference with viral establish-
ment (Wang et al. 2023). As seen in Table 1, the MmuPV1 
copy number was consistently detectable in oral swabs from 
all infected mice 2 weeks post infection. When MmuPV1 
infection was established in all the animals, we consistently 
observed a significantly greater MmuPV1 copy number until 
6 weeks after infection (Fig. 4).

Observation of MmuPV1‑infected sites in mouse 
circumvallate papillae

After 6 weeks of MmuPv1 infection in the mouse oral 
cavity, no visible anomalous lesions had developed in the 

Fig. 3   Distribution of reserve cells in normal human vallate papil-
lae. The distribution range of reserve cells within the white dashed 
line; black arrows indicate the SCJ. A p63 IHC staining for the SCJ 
at the vallate papilla, ×10 and ×40. B CK17 IHC staining for the SCJ 

at the vallate papilla, ×10 and ×40. C CK17 IF staining for the SCJ at 
the vallate papilla, ×40. D p63 IF staining for the SCJ at the vallate 
papilla, ×40. E DAPI IF staining for SCJ at the vallate papilla, ×40. F 
merged p63 and CK17 IF staining of reserve cells, ×40



Journal of Cancer Research and Clinical Oncology         (2024) 150:492 	 Page 7 of 11    492 

tongue, and the colour, morphology, and texture of the 
tongue remained unchanged, suggesting that papilloma-
virus-associated lesions had not yet developed in the oro-
pharynx or entire tongue of the mice during this stage. The 

virus-infected wound areas healed (Fig. 5A). The ISH results 
revealed that, except the wounded site, MmuPV1 infection 
was restricted to the circumvallate papillae in almost all the 
mice tested, with virtually no virus-infected cells detected 
in the middle dorsal tongue, the ventral tongue, or the base 
of the tongue behind the circumvallate papillae. In a por-
tion of the test mice, MmuPV1-E6-E7 RNA-positive cells 
were observed in the circumvallate papillae even when no 
virus-infected cells were found at the wound site coated with 
virus (Fig. 5C).

Fisher’s test revealed that the MmuPV1-positive infection 
rates in the circumvallate papillae were greater than those 
in other areas (p = 0.001) (Table 2). Further pairwise com-
parisons of the MmuPV1-positive infection rates at different 
tongue sites were performed. The results revealed that the 
MmuPV1-positive infection rates in the circumvallate papil-
lae group were significantly greater than those in the middle 
dorsal tongue or ventral tongue groups (p = 0.015). Thus, in 
the early stages of infection, the circumvallate papillae is a 
susceptibility site for papillomavirus infection.

In our previous study, the presence of an SCJ area in the 
mouse/rat circumvallate papillae similar to that of humans 
was demonstrated by histology, and the physiology of this 

Table 1   Viral DNA in nude mice infected with MmuPV1 in the oral cavity and oropharynx was tracked

The viral DNA load in the oral cavity/oropharynx over time was determined by qPCR analysis (viral copy numbers/µL)

Mouse 1 Mouse 2 Mouse 3 Mouse 4 Mouse 5 Mouse 6 Mouse 7 Mouse 8 Mouse 9

Week 2 4.07 × 106 3.65 × 105 1.24 × 106 1.48 × 106 5.14 × 106 3.48 × 105 2.87 × 105 4.15 × 105 3.36 × 106

Week 4 3.50 × 106 3.78 × 106 8.43 × 105 1.59 × 106 6.05 × 106 4.43 × 105 3.00 × 106 4.55 × 105 4.25 × 106

Week 6 4.59 × 106 5.91 × 106 1.96 × 106 2.61 × 106 9.58 × 106 9.60 × 105 5.56 × 106 9.23 × 105 7.25 × 106

Fig. 4   Viral load (qPCR) in the MmuPV1-infected oral cavity/oro-
pharynx

Fig. 5   Tongue morphology, 
ISH and IHC staining of tongue 
tissue from nude mice after 
6 weeks of infection. A Tongues 
of infected mice; red arrows 
denote circumvallate papillae; 
black arrows denote virus-
coated areas. B H&E staining of 
the circumvallate papilla, ×10. 
MmuPV1-E6-E7 ISH stain-
ing of the tongues of infected 
mice; C ×1 and D ×10. CK17 
IHC staining of the circumval-
late papilla; red arrows indicate 
the distribution of koilocytotic 
cells; E ×20 and F ×10
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area was described (Chen et al. 2023). The immature squa-
mous epithelium of the infected mice was observed by the 
expression of CK17. Immunohistochemical analysis of 
CK17 revealed that the mouse circumvallate papillae pos-
sesses a TZ structure analogous to that of humans. The 
CK17-positive immature squamous epithelium extended 
from the base of the circumvallate papillae sulcus to the 
tongue surface, gradually transitioning to a structurally 
mature squamous epithelium (Fig. 5F). Koilocytotic cells 
induced by papillomavirus infection were observed within 
the CK17-positive immature squamous epithelium but not 
in the tongue tissue outside the circumvallate papillae TZ 
(Fig. 5E). H&E staining revealed no epithelial dysplasia 
or other related lesions in the entire tongue of the mice 
(Fig. 5B). A comparison of the IHC and ISH results for 
serial sections revealed that MmuPV1-E6-E7 RNA-positive 
cells were distributed in the immature squamous epithelium 
with positive CK17 expression, and no virus-infected cells 
were observed in the mature epithelium outside the region 
of the TZ (Fig. 5C, D, F). However, no virus-infected cells 
were observed within or adjacent to the CK17-expressing 
reserve cells under the columnar epithelium (Fig. 5D, F).

Discussion

It is widely accepted that most uterine cervix carcinomas 
and related precancerous lesions tend to develop in a TZ. 
Conversely, patients with oropharyngeal carcinoma are 
typically diagnosed at advanced stages because of the 
absence of early clinical symptoms, insidious progres-
sion, and early lymphatic metastasis, resulting in delayed 
detection (Palmer et al. 2014; Huang et al. 2018). Mestre 
et al. (2020) reported that squamous carcinoma tends to 
arise near the circumvallate papillae in both MmuPV1-
infected nude mice and K14-HPV16 transgenic mice. Con-
sequently, Mestre et al. (2020) proposed the existence of a 
TZ at the circumvallate papillae in mice, similar to that in 
the uterine cervix. However, no studies have investigated 

the TZ of the oropharynx, making it challenging to predict 
HPV susceptibility before clinical lesion onset and com-
plicating the diagnosis and treatment of HPV-associated 
oropharyngeal carcinoma.

This study revealed CK17-labelled immature squamous 
epithelium on the squamous side of the SCJ zone within 
the vallate papillae. The expression patterns of AGR2 and 
CK17 in the squamous epithelium of the vallate papillae 
region were consistent (Fig. 2C, D). Considering that AGR2 
has secretory functions, it is hypothesized that the imma-
ture squamous epithelium marked by CK17 retains certain 
secretory characteristics of the columnar epithelium. The 
preservation of secretory function implies that the CK17-
positive immature squamous epithelium in the vallate papil-
lae region may result from the squamous metaplasia of the 
columnar epithelium. This finding reinforces the hypothesis 
that immature squamous epithelium exists in the TZ at the 
human vallate papillae. The extent of the TZ at the base of 
the vallate papillae was delineated by comparison with the 
uterine cervical TZ. Furthermore, the distribution of reserve 
cells in the SCJ region of the vallate papillae was assessed 
via CK17/p63 immunofluorescence staining (Fig. 3D, F), 
which revealed that reserve cells colabelled with CK17/p63 
in the vallate papillae area are likely to be the origin of carci-
noma (Martens et al. 2009; Zheng et al. 2023). Prior studies 
have suggested that reserve cells might be target cells for 
HPV infection in the uterine cervix (Smedts et al. 2008; 
Reya et al. 2001; Watt 1998).

The characteristics of early papillomavirus infection 
in the oropharynx remain unknown due to the clinical 
impossibility of observing the initial viral infection status. 
Therefore, this study is the first to observe papillomavirus 
infection at the base of the tongue in MmuPv1-infected 
mice prior to the occurrence of related lesions. ISH experi-
ments revealed that in a portion of infected mice, virus-
infected cells were not present beneath the columnar epi-
thelium near the SCJ but were present in the immature 
squamous epithelium within the TZ of the vallate papillae 
(Fig. 5D, F). These findings suggest that papillomavirus 
infection targets in the vallate papillae region are not lim-
ited to reserve cells and that immature squamous epithe-
lium in the TZ of the vallate papillae is more susceptible 
to early papillomavirus infection. Persistent papillomavi-
rus infection requires the long-term maintenance of viral 
genomes at low copy numbers in undifferentiated cells of 
the epithelia (Doorbar et al. 2021). Thus, epithelial dam-
age or unstable epithelial structures are important for the 
development of papillomavirus infections. The immature 
squamous epithelium of the vallate papillae TZ, because 
of its tendency to further differentiate and its simple epi-
thelial structure, as well as the more superficial anatomical 
location of the immature squamous epithelium, may be 
susceptible to early papillomavirus infection. Thus, the 

Table 2   Differences in the distribution of Mmupv1 infection at differ-
ent sites in mice based on Fisher’s exact test

Site of tongue N Infection 
rates (%)

p value

Mmupv1 
infection 
(+)

Mmupv1 
infection 
(−)

Circumvallate papillae 7 2 77.78
Middle dorsal tongue 1 8 22.22
Ventral tongue 1 8 22.22 0.001
Base of the tongue 

behind the circum-
vallate papillae

0 9 0
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vallate papillae becomes a virus-susceptible area, prob-
ably because of the histologic structure of the immature 
squamous epithelium in the vallate papillae TZ.

Reserve cells in the vallate papillae region are less sus-
ceptible to papillomavirus infection than those in the cervi-
cal region are, probably due to their more cryptic distribu-
tion in the vallate papillae. However, during the development 
of HPV-associated carcinoma, high-risk HPVs are able to 
influence cell cycle control mechanisms, leading to tumo-
rigenesis (Steenbergen et al. 1996). Thus, HPV-infected 
target cells associated with oropharyngeal carcinogenesis 
are likely undifferentiated, multiplying cells, which makes 
it possible for a virus to incorporate into cellular DNA dur-
ing the cell cycle. A stem cell can serve as the origin of 
carcinoma through disturbances in the “asymmetric” divi-
sion process, thus becoming a target cell of high-risk HPV 
infection (Martens et al. 2009; Zheng et al. 2023). Theoreti-
cally, reserve cells beneath the columnar epithelium of the 
vallate papillae may possess stem cell properties and thus 
be risk factors for the development of carcinoma after papil-
lomavirus infection. If reserve cells are infected by the virus, 
a longer infection time and other stimuli may be needed to 
reduce local tissue immune function (e.g., MmuPV1 infec-
tion combined with 4-nitroquinoline-1-oxide stimulation). 
This also seems to explain why, in previous studies, simple 
viral infection does not readily induce carcinoma; additional 
stimuli must be applied (Wei et al. 2020). Therefore, in the 
study of papillomavirus-associated carcinoma, infection of 
the reserve cells of the vallate papillae TZ should be the 
focus of attention.

Although the TZ formed by squamous metaplasia is rec-
ognized as a high-risk area for uterine cervical viral infec-
tion due to the aggregation of reserve cells and active cell 
proliferation, the underlying mechanisms remain unclear. 
In the SCJ region, a population of reserve cells exists at 
the basal part of the columnar epithelium. Traditionally, the 
columnar epithelium is believed to be supplanted by imma-
ture chemosynthetic squamous epithelium through the dif-
ferentiation and proliferation of these reserve cells (Martens 
et al. 2009; Chumduri et al. 2021). In our study, pronounced 
CK17 expression was observed at the base of the columnar 
epithelium adjacent to the SCJ region of the vallate papillae, 
accompanied by robust reserve cell proliferation, corroborat-
ing the traditional view. However, some scholars argue that 
intermediary cells at the squamous-columnar junction of the 
uterine cervix are the initial triggers of squamous metapla-
sia, differentiating into a “reserve cell”-like population from 
the top, thus forming immature squamous epithelium (Herfs 
et al. 2012). These debates have focused predominantly on 
the uterine cervix TZ, and whether the squamous metaplasia 
mechanism in Von Ebner’s gland is analogous to that in the 
uterine cervix requires further elucidation through lineage 
tracing, genetic analyses, and additional pertinent studies.

On the basis of the results of animal experiments and 
histological observations of the TZ, the vallate papillae 
maybe a target of clinical detection for the early prevention 
and detection of HPV-associated oropharyngeal diseases in 
susceptible populations. The vallate papillae is in a more 
anterior anatomical position than the tonsils are, offering 
advantages in clinical work. In basic research, the discovery 
of a TZ at the vallate papillae may enable a more precise 
exploration of the pathogenesis of HPV-associated oro-
pharyngeal carcinoma. We will expand the case collection 
of HPV-associated cases of tongue cancer through a multi-
centre study to further test our hypothesis, and we hope that 
more scholars will be able to collaborate in this study. In 
uterine cervix carcinoma research, excision/destruction of 
the TZ, the new SCJ and columnar endocervical epithelium 
with all subcolumnar reserve cells capable of metaplasia, 
may be an effective approach for the prevention and treat-
ment of HPV-associated lesions (Franceschi 2015). The 
preventive efficacy of related vaccines in HPV-associated 
oropharyngeal disease also needs to be evaluated. Accord-
ingly, there is a need for a more detailed exploration of the 
squamous metaplasia mechanism at the base of the tongue 
for the clinical management, diagnosis, treatment, and pre-
vention of HPV-associated carcinoma and other lesions.

Conclusion

In this study, we identified an early papillomavirus infec-
tion site at the base of the tongue and explored the related 
histological mechanisms in the TZ. However, the infection 
of reserve cells associated with tumorigenesis is a ‘later 
event’, and therefore, with the short infection time in this 
study, further exploration of the pathogenesis of carcinoma 
was not possible. The small number of animals and the 
lack of exploration at the gene level are also limitations 
of this study. However, we will complete papillomavirus-
associated tumorigenic experiments on the basis of the 
results of this study and explore the risk of pathogenicity 
of different subtypes of papillomaviruses in the orophar-
ynx in subsequent studies. The vallate papilla, as a sentinel 
site in the oropharynx, has obvious anatomical advantages 
in clinical examination and early treatment, and the results 
of the present study provide a new entry point for the pre-
vention and diagnosis of HPV-associated oropharyngeal 
diseases. We hope to use the discovery of the vallate papil-
lae TZ as a new direction for subsequent mechanistic stud-
ies of HPV-associated oropharyngeal carcinoma.
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