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Objective: Oral squamous cell carcinomas (SCCs) arise from oral potentially malignant disorders (OPMDs),
including oral epithelial dysplasia (OED); however, useful detections markers for early detection of OED and oral
SCC are lacking. In this study, we aimed to evaluate the sequential mRNA and protein expression patterns of
BRD4, ¢-MYC, TP53, and MUC21 in human oral samples by liquid-based cytology (LBC) and determine whether
these markers are useful for early detection of OED and oral SCC when combined with oral cytological screening.
Methods: A total 200 patients were obtained from our hospital between 2020 and 2022. These are samples from
same cases with oral cytology and corresponding histological diagnosis. The expression of these markers was
examined by immunocytochemistry and mRNA analysis. The percentages of cells with nuclear or cytoplasmic
immunostaining were calculated using the labeling index (LI). BRD4, c-MYC, and TP53 mRNA expression levels
were upregulated in tissue during progression from a status of negative for intraepithelial lesions or malignancy
(NILM) to positive for SCC. BRD4-LI and c-MYC-LI significantly increased in low-grade squamous intraepithelial
lesions (LSIL), high-grade squamous intraepithelial lesions (HSIL) and SCC samples, whereas the expression of
MUC21 mRNA and MUC21-LI gradually decreased. TP53-LI increased only in SCC samples.

Conclusions: We conclude that monitoring BRD4 and c-MYC expression with immunocytochemistry could
improve the early detection of OED and oral SCC.

transformation have not been identified [4]. This could be due to the
lack of an oral cancer model that allows continuous observation of

1. Introduction

According to Word Health Organization (WHO) data for 2020, the
incidence of oral cavity cancer increased to more than 377,713 new
patients and caused 177,757 deaths; it ranks as the sixth most common
cancer worldwide [1-3]. The tongue, gingiva, and buccal mucosa are
most common sites of oral cancer, accounting for more than half of all
oral squamous cell carcinomas (SCCs) [1]. Most oral SCCs arise from
oral potentially malignant disorders (OPMDs), including oral epithelial
dysplasia (OED). Several studies have focused only on oral SCC detec-
tion; however, candidate markers for early detection of malignant
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molecular changes that occur during the carcinoma sequence in the
same oral cavity. We previously reported that Dark-Agouti (DA) rat is
susceptible to 4-nitroquinoline 1-oxide (4NQO)-induced tongue cancer
(TC) [5,6]. TC induced by 4NQO in DA rat is considered an experimental
model for human TC because it share several morphological, molecular,
and biological properties [7,8]. Using liquid-based cytology (LBC)
techniques, malignant transformation events can be observed continu-
ously in the same oral cavity in this model [9]. Our previous study
identified candidate markers with which established a novel method to
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observe changes in the sequential expression patterns of mRNAs and
proteins in our experimental TC model using LBC [9,10]. LBC had a
higher screening accuracy than conventional cytology, and mRNA
expression and immunocytochemistry (ICC) can be performed with re-
sidual LBC samples [11-13].

In our previous animal model studies [5-10], to identify candidate
genes that are responsible for the effects of oral cancer, we performed a
microarray analysis of TC and normal tongue tissues from TC model rats.
Using the Rat Genome Database, we identified four candidate genes. The
first, bromodomain protein 4 (Brd4), transcriptionally regulates Myc
expression, and is expressed in the superficial or keratinized cell layers
during early stages of carcinogenesis [14,15]. Brd4 is a member of the
bromodomain and extraterminal domain family of transcriptional reg-
ulatory proteins. It plays a key role in oral carcinogenesis [16]. The
expression increases during 4NQO-induced tongue carcinogenesis in rat
model, and it modulates tumorigenicity and tumor overgrowth [17].
Our previous oral cytology study revealed significantly higher levels of
Brd4 mRNA and protein expression in OED and oral SCC samples than in
normal rat tissues [6-8,18]. Furthermore, BRD4 binds to and activates
the c-MYC promoter to induce MYC overexpression [19]. c-MYC plays a
key role in the proliferation, metabolism, differentiation, promotion of
TP53 expression, and apoptosis. However, when TP53 is mutated, cell
death can be avoided, leading to the development of oral SCC [20,21].
MUC21 is a transmembrane-type mucin first cloned as the counterpart of
mouse epiglycanin; our previous studies identified it as a candidate
diagnostic gene for oral cancer [9-11]. Cells expressing MUC21 were
significantly less adherent to each other and the extracellular matrix
than cells that did not express MUC21; however, the function of MUC21
in oral mucosal epithelium has not been unknown [11]. ¢-MYC expres-
sion is associated with the late stage of OED [22,23], and ¢-MYC and
TP53 are overexpressed in the early stages of oral SCC. Therefore, these
genes identified in our previous research may be useful markers for early
detection of OED and oral SCC using immunohistochemistry (IHC) [24].

The aim of this study was to evaluate the sequential mRNA and
protein expression patterns of BRD4, c-MYC, TP53, and MUC21 in
human samples using LBC, to determine whether these markers are
useful for the early detection of OED and oral SCC via oral cytological
screening.

2. Methods
2.1. Patient samples

We obtained samples from 200 patients from the Oral and Maxillo-
facial Surgery unit at the Niigata University Medical and Dental Hos-
pital. The patients who were involved underwent surgery at our
institution between 2020 and 2022. We have oral cytology and corre-
sponding histological diagnosis samples from same cases. This work was
approved by the Human Research Ethics Committee of the university
(2018-0228), and performed in accordance with the principles of the
Declaration of Helsinki.

We collected the oral cells for cytology using an Orcellex® brush
(Rovers Medical Devices, Oss, Netherlands) [9,10]. The LBC samples
were transferred to SurePath vial (Becton, Dickinson, and Company,
Franklin Lakes, NJ, USA). Papanicolaou staining was performed at the
Oral Pathology Section of the Department of Surgical Pathology at Nii-
gata University Medical and Dental Hospital.

2.2. Clinicopathological data

We investigated clinicopathological data including patients sex, age,
tobacco use, alcohol consumption, lesion subsite, histological diagnosis
(normal epithelium, NOE; hyperplasia, HYP; OED; or SCC), and the
cellularity of cytological samples.

Following cytological screening based on the Oral Bethesda System
(the Japanese guidelines for oral cytology for diagnosis were published
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by the Japanese Society of Clinical Cytology: JSCC 2015), we catego-
rized the samples according to the following classification scheme,
based on reportes from oral pathologists: inadequate, negative for
intraepithelial lesions or malignancy (NILM), low-grade squamous
intraepithelial lesion (LSIL), high-grade squamous intraepithelial lesion
(HSIL), and SCC [25,26]. All histological diagnosis were made according
to the WHO 2017 criteria [1]. The patient records are summarized in
Table 1.

2.3. Immunostaining of BRD4, c-MYC, TP53, and MUC21 in cytological
and histological specimens

We performed to observe the expression patterns of BRD4, c-MYC,
TP53, and MUC21 in LBC and histological samples. All slides were
subjected to antigen retrieval using 10 mM Tris-HCl, 1 mM EDTA-2Na
(pH8.0) in a microwave oven of 1000 W for 20 min, followed by incu-
bation with a rabbit polyclonal anti-TP53 antibody (1:50 dilution; clone
ab131442; Abcam, Cambridge, MA, USA), a rabbit monoclonal anti-c-
MYC antibody (1:100 dilution; clone ab32072; Abcam), a rabbit poly-
clonal anti-MUC21 antibody (1:200 dilution; clone NBP2-31023;
Novus), or a rabbit monoclonal anti-BRD4 antibody (1:100 dilution;
clone ab128874; Abcam). The slides were washed and incubated with
the Envision+ /HRP system (Dako, Glostrup, Denmark). Immunoreac-
tive cells were visualized using DAB (Dojindo, Kumamoto, Japan) and
counterstained with hematoxylin.

2.4. Labeling index analysis for ICC

The percentages of cells with positively stained nuclei or cytoplasm
in the samples incubated with each of antibodies was calculated as the
labeling index (LI), using images captured at 200 x magnification and
analyzed using e-Count2 cell counting software (e-Path, Kanagawa,
Japan). Five random fields containing an average of 100 cells each were
selected for analysis, and the average LI value was determined [9,10].

Table 1
Correlation between oral LBC and clinicopathological variables in oral cancer
patients.

Oral liquid-based cytology (LBC)

Variable NILM LSIL/HSIL/SCC P value
Sex, n (n = 200)
Male 35 70 0.65
Female 35 60
Age, n (n = 200)
<65 years 28 40 0.21
>65 years 42 90
Tobacco use, n (n = 150)
Yes 35 70 <0.05
No 25 20
Alcohol use, n (n = 155)
Yes 38 75 <0.05
No 22 20
Site, n (n = 200)
Tongue 25 65 0.13
Buccal mucosa 10 25
Gingiva 25 30
Palate 6 5
Floor of mouth 3 3
Labial mucosa 1 2
Histological diagnosis, n (n = 200)
NOE 35 0 <0.001
HYP 20 0
OED 14 10
CIS 1 35
ScCC 0 85

Abbreviations: NILM, negative for inadequate lesion or malignancy; LSIL, low-
grade squamous intraepithelial lesion; HSIL, high-grade squamous cell intra-
epithelial lesion; SCC, squamous cell carcinoma; NOE, normal epithelium; HYP,
hyperplasia; OED, oral epithelial dysplasia; CIS, carcinoma in situ.
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2.5. RNA isolation and quantitative real-time PCR

LBC samples in RNAlater reagent (Thermo Fisher, Vilunus,
Lithuania) were processed using the RNAqueous kit (Ambion, Grand
Island, NY, USA). Reverse transcription was performed using the High-
Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster
City, CA, USA). cDNA was amplified by TagMan Universal PCR Master
Mix (Applied Biosystems) and TagMan Gene Expression Assays (Applied
Biosystems) for BRD4 (Hs04188087_m1), c-MYC (Hs00153408 m1),
TP53 (Hs01034249_.m1), and MUC21 (Hs01379324¢l); 18 S
(Hs99999901 s1) was used as the internal standard [8-10]. The 9~44Cq
method was used for comparing the target gene transcripts levels in
LSIL, HSIL, and SCC samples with the level in NILM samples and to
calculate mRNA levels [26,27].

2.6. Statistical analyses

Statistical analyses were performed using GraphPad Prism 6
(GraphPad Software, San Diego, CA, USA) and R version 4.0.2 (R
Foundation, Vienna, Austria). Experimental data were analyzed using
one-way analysis of variance (ANOVA) with post hoc Tukey test or
Dunn’s test after Kruskal-Wallis test. Association between the LIs for
BRD4, ¢-MYC, TP53 and MUC21-LI and patient characteristics were
studied using Fisher’s exact test or the chi squared test (n = 200). We
evaluated the diagnostic ability of these biomarkers using receiver
operating characteristic (ROC) curves [28]. As a global measure of
diagnostic accuracy, and were performed as described previously [10,
11]. The threshold for statistical significance was set at p < 0.05.

Papanicolaou
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3. Results

3.1. Relationship between LBC screening and clinicopathologic features in
oral SCC and OPMDs

The clinicopathologic features of 200 cases organized by screening
status are shown in Table 1. Statistically significant differences were
associated with history of smoking (p < 0.05), alcohol consumption (p
< 0.05), and histological diagnosis (p < 0.001). No significant correla-
tion was apparent between LBC screening and the parameters age, sex or
tumor site.

3.2. Papanicolaou staining

Papanicolaou staining of NILM samples reveled keratinized and non-
keratinized squamous epithelial cells in the superficial to deeper layers
(Fig. 1). Although the nucleus of the light-green stained cell is smaller
than that of orange-G stained cell, no cellular pleomorphism was
observed in the specimen (Fig. 1A). LSIL samples showed hyper para-
keratinized superficial layer of squamous epithelial cells forming scat-
tered and small clusters. The superficial layer cells were characterized
by cellular atypia including increased of nuclear size, hyperchromasia
and dyskeratosis (Fig. 1B). HSIL samples showed keratinized and/or
non-keratinized superficial to middle layer of squamous epithelial cells
in scattered and small to large clusters. The middle layer cells featured
cellular atypia such as nuclear pleomorphism, increased nuclear-
cytoplasmic (N/C) ratio, and enlarged nuclei (Fig. 1C). The SCC sam-
ples showed small to large cellular clusters composed of atypical
epithelial cells. The deeper layer cells showed prominent cellular atypia
such as nuclear pleomorphism, increased N/C ratio, and enlarged nuclei.
The superficial layers of squamous epithelial cells also showed marked
cellular atypia such as hyperchromasia and enlarged nuclei (Fig. 1D).

Fig. 1. Papanicolaou staining in liquid-based cytology (LBC) samples and BRD4, c-MYC, TP53, and MUC21 immunohistochemical study in oral cytological samples:
(A) NILM, (B) LSIL, (C) HSIL, and (D) SCC. (E-H) BRD4 immunocytochemical staining. Although BRD4 staining was generally negative in (E) NILM samples, (F)
positive nuclear staining was observed in LSIL, (G) HSIL, and (H) SCC samples. (I-L) c-MYC immunocytochemical staining. Although c-MYC staining was generally
negative in (I) NILM samples, positive nuclear staining was observed in (J) LSIL, (K) HSIL, and (L) SCC samples. (M-P) TP53 immunocytochemical staining. Although
TP53 staining was generally negative in (M) NILM, (N) LSIL, and (O) HSIL samples, positive nuclear staining was observed in (P) SCC samples. (Q-T) MUC21
immunocytochemical staining. Although MUC21 staining was generally positive in (M) NILM and (N) LSIL, negative cytoplasmic staining was observed in (O) HSIL
and (T) SCC samples. Original magnification, 400 x. Scale bars, 20 um. NILM, negative for intraepithelial lesion or malignancy; LSIL, low-grade squamous intra-
epithelial lesion; HSIL, high-grade squamous intraepithelial lesion; SCC, squamous cell carcinoma.
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3.3. Analysis of BRD4, c-MYC, TP53, and MUC21 expression using ICC
and IHC

NILM, LSIL, HSIL, and SCC samples were evaluated by ICC staining
for BRD4, c-MYC, TP53, and MUC21 expression. NILM samples were
negative for three markers (Fig. 1E, I, and M), but expressed MUC21
(Fig. 1Q). In LSIL and HSIL samples, BRD4 and c-MYC expression was
observed in the atypical nuclei of the superficial and intermediate cells
(Fig. 1F, G, J, and K). In SCC samples, BRD4 and c-MYC were expressed
in parabasal/basal cells that showed nuclear changes, such as nuclear
shape abnormalities, and increased N/C ratios (Fig. 1H and L). In
contrast, TP53 was only expressed in SCC samples with atypical nuclei in
parabasal/basal cells (Fig. 1M-P). MUC21 was not expressed in HSIL and
SCC samples (Fig. 1Q-T).

Samples that had been histologically diagnosed as NOE (Fig. 2A),
HYP (Fig. 2B), OED (Fig. 2C), and SCC (Fig. 2D) after H&E staining were
analyzed for BRD4, ¢-MYC, TP53, and MUC21 expressions by IHC
staining (Fig. 2Q-T). BRD4 expression was positive in the basal layer to
the superficial layer of HYP, OED, and SCC samples (Fig. 2F-H), whereas
c-MYC expression was limited to the basal/parabasal layers of HYP
samples. c-MYC-positive cells were found from the basal layer to the
superficial layers in OED and SCC samples (Fig. 2I-L). TP53 nuclear
positivity was only detected in SCC samples, but not in NOE and HYP
samples (Fig. 2M-P). The cytoplasm in the prickle cell layers of NOE to
OED samples was positive for MUC21. Consistent expression patterns
were observed using of ICC and IHC analyses.

3.4. mRNA expression of candidate markers in LBC samples

We observed statically significant differences in the mRNA expres-
sion, BRD4, c-MYC, TP53, and MUC21 among the samples organized by
Oral Bethesda System (p < 0.01; Fig. 3A-D) [10,11]. The mRNA levels of
BRD4, c-MYC, and TP53 were significantly higher in SCC samples than
in NILM, LSIL, and HSIL samples (p < 0.01; Fig. 3A-D). Our results
suggested that the mRNA expression of BRD4, c-MYC, and TP53 was
upregulated during the carcinoma sequence, whereas that of MUC21
was downregulated.

c-MYC

OED HYP NOE

SCC
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3.5. Protein expression of candidate markers in LBC samples

To identify BRD4, c-MYC, TP53, and MUC21 protein expression
patterns in different sample grades based on the Oral Bethesda System
[25], we performed ICC on NILM, LSIL, HSIL, and SCC samples. We
observed significant differences in the LIs of BRD4 (BRD4-LI), c-MYC
(c-MYC-LI), and TP53 (TP53-LI) in the samples at different stages
(p < 0.01). The BRD4-LI was significantly higher in the HSIL and SCC
samples than in the NILM and LSIL samples (p < 0.01) (Fig. 3E).
Consistent with BRD4 expression, c-MYC-LI was significantly higher in
the HSIL and SCC samples than in the NILM and LSIL samples (p < 0.01)
(Fig. 3F). Similarly, TP53-LI was significantly higher in the SCC samples
than in the NILM, LSIL, and HSIL samples (p < 0.01) (Fig. 3G). In line
with MUC21 mRNA expression, the MUC21-LI was significantly higher
in the NILM and LSIL samples than in the HSIL and SCC samples
(p < 0.01) (Fig. 3H). These results showed that the expression of BRD4,
¢-MYC, and TP53 increased with disease severity. The protein expres-
sion levels of BRD4 and c-MYC were particularly high in the LSIL and
HSIL samples.

3.6. Between mRNA expression and LI of BRD4, c-MYC, TP53 and
MUC21

To identify the relationship between the mRNA expression and LI by
ICC, we performed a correlation analysis for each candidate marker.
Fig. 4 shows the relationship between BRD4, c-MYC, TP53, and MUC21
mRNA expression and the corresponding LI values. We detected signif-
icant correlations between the expression levels of BRD4 (R=0.781,
p <0.01; Fig. 4A), ¢-MYC (R=0.807, p < 0.01; Fig. 4B), TP53
(R=0.606; p < 0.01; Fig. 4C), and MUC21 (R=0.514; p < 0.05; Fig. 4D).

3.7. Screening accuracy of candidate markers

To evaluate the screening accuracy of increased LI for candidate
markers, we stratified the LI of each marker as positive (LI below the cut-
off) or negative (LI above the cut-off). We calculated the sensitivity and
specificity for detecting LSIL or a higher category by performing ROC
analysis (Fig. 5). The areas under the curves were 0.881 (standard error

TPS3 MUC21

Fig. 2. Histopathological and immunohistochemical expressions patterns of BRD4, c-MYC, TP53, and MUC21 in normal epithelium (NOE), hyperplasia (HYP), oral
epithelial dysplasia (OED), and squamous cell carcinoma (SCC) samples. (A, E, I, M, Q) NOE, (B, F, J, N, R) HYP, (C, G, K, O, S) OED and (D, H, L, P, T) SCC. (A-D)
Hematoxylin and eosin (H&E), (E-H) BRD4, (I-L) c-MYC, (M-P) TP53, and (Q-T) MUC21. Original magnification, 100x. Scale bars, 100 um.
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Fig. 3. The box-and-whisker diagrams show the normalized expression of (A) BRD4, (B) c-MYC, (C) TP53, and (D) MUC21 in NILM, LSIL, HSIL, and SCC samples. The
box shows the interquartile range (>25% and <75%), and the solid line within each box is the median candidate gene expression value. Analysis of variance
(ANOVA) followed by Tukey’s multiple comparisons test and the Kruskal-Wallis test followed by Dunn’s post hoc test were used to determine statistical significance.
Boxplots for the immunocytochemical labeling indices of (E) BRD4, (F) c-MYC, (G) TP53, and (H) MUC21 in NILM, LSIL, HSIL, and SCC samples. ANOVA followed by
Tukey’s multiple comparisons test was used to determine statistical significance. *p < 0.05, * *p < 0.01, as indicated.
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Fig. 5. Receiver operating characteristic analysis for LSIL or higher category
specimens were screened using BRD4 (red line), c-MYC (green line), MUC21
(brown line), and TP53 (blue line) as candidate markers. The optimal cut-off
values of each markers were calculated using ‘closest-topleft” (10, 28).

[SE]: 0.041; 95% CI: 0.738-0.919) for BRD4, 0.999 (SE: 0.044; 95% CI:
0.718-0.925) for ¢c-MYC, 0.971 (SE: 0.052; 95% CIL: 0.717-0.918) for
TP53, and 1.00 (SE: 0.032; 95% CI: 0.647-0.902) for MUC21. We clas-
sified the samples into negative (NILM) and positive (LSIL, HSIL, and
SCC) categories.

Table 2 shows the sensitivity, specificity, false-negative rate, and
screening accuracy of the markers. Using the Oral Bethesda System [25],
cut-off BRD4-LI values greater than the cut-off of 6.0% were observed in
60.0% of LSIL and 100% of HSIL samples, whereas c-MYC-LI values
greater than the cut-off of 12.0% were observed in 50.0% of LSIL and
78.0% of HSIL samples. In contrast, a TP53-LI value greater than the
cut-off of 3.6% was observed in only 20% of LSIL and 58% of HSIL
samples.

Table 2
Cut-off values, sensitivity, specificity, and FNRs for BRD4-LI, c-MYC-LI,
TP53-LI and MUC21-LI.

Markers Cut-off value (%) Sensitivity (%) Specificity (%) FNR (%)
BRD4 3.550 76.47 86.67 23.53
c-MYC 4.800 98.82 100.0 1.180
TP53 0.350 89.41 100.0 10.59
MuUC21 11.05 100.0 100.0 0.000

LI, labeling index; FNR, false negative ratio; BRD4, bromodomain protein 4
4. Discussion

In the JSCC Atlas and Guideline for Oral Cytopathological Diagnosis
in 2015, the new diagnostic algorithm and criteria were established by
our members [25]. Recently, oral LBC has developed as a means of
analysis because it is easy, reproducible, and produces fewer artifacts
than the conventional method [9,10]. In our previous papers, oral LBC
staining showed the carcinoma sequence from NILM, LSIL, HSIL to SCC,
and the morphological changes were that observed during the progres-
sion of oral carcinogenesis [9,10]. Many oral cytological studies have
shown that candidate markers expressed in the superficial and/or ker-
atinized cell layers could be usefulness for monitoring diseases [26,27].

Our previous IHC staining studies on cytokeratin 13, cytokeratin 17,
TP53 and Ki-67 demonstrated their useful for the histological diagnosis
of OED and SCC [29,30]. Overexpression of the candidate marker TP53
is reportedly involved in SCC development, and TP53 mutations have
been observed in OED and SCC [9,10,30,31]. In this cytological IHC
study, we observed the loss of TP53 overexpression in NOE, HYP, and
OED samples; therefore, we conclude that there were no TP53 expres-
sions in NOE samples. In contrast, NOE, HYP, OED, and SCC, samples
showed BRD4 expression in the basal to superficial layers. c-MYC was
expressed in the basal to spinous cell layers in HYP samples and in the
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basal to superficial layers in OED and SCC samples, and cytoplasmic
MUC21 expression in the prickle cell layers was detected in NOE to HYP
samples [9,11]. Therefore, we nominated BRD4 and c-MYC as candidate
markers based on their detection by ICC in the HYP and OED samples,
and examined their usefulness and reliability in this oral carcinoma
sequence study.

The qRT-PCR results for BRD4, c-MYC, and TP53 showed gradually
increasing expression with progression from NILM to SCC, and these
markers were significantly overexpressed in SCC samples compared
with NILM, LSIL, and HSIL samples [32]. These observations are
consistent with those reported in our oral cancer model and other
studies on oral SCC [18,27-31]. mRNA expression of BRD4 was aber-
rantly upregulated in head and neck oral SCC samples and in the
4NQO-induced TC model [9,18]. Co-overexpression of c-MYC and TP53
in oral SCC samples was linked with premalignant lesions [31,32].

The LIs for BRD4, ¢-MYC, and TP53 significantly increased with
progression from NILM to SCC, whereas the LI for MUC21 decreased.
BRD4 is highly expressed in many tumors, and cancer prognosis is
tightly linked to BRD4 expression. BRD4 may serve as a potential
prognostic and early detection marker [18]. ¢-MYC is known to shuttle
between the nucleus and cytoplasm. In settings of elevated expression,
¢-MYC accumulates in the nuclei of some cells, consistent with satura-
tion of a nucleolus-associated degradation system [33]. Therefore,
¢-MYC expression in OED and SCC remains debatable. However, our
studies collectively show that c-MYC is unlikely to be localized to the
cytoplasm, and it could be appropriate to assess the nuclear localization
of ¢-MYC in OED and SCC. Moreover, the LI calculation method was
validated because we observed a significant correlation between the LI
and mRNA expression levels for these markers (Fig. 4). ICC was a more
accurate method for detecting positive cells than qRT-PCR because ICC
determined the LI for hotspots in oral LBC samples, whereas qRT-PCR
required the evaluation of all samples. Consequently, we propose that
ICC is more useful for the early detection of OED and SCC using oral LBC
than qRT-PCR.

The LIs for BRD4 and c-MYC were significantly increased during the
early stages of oral carcinogenesis over those in NOE; therefore, they
could be good predictors of OED and SCC. Cytological screening based
on morphological changes is frequently difficult because of the occur-
rence of false negatives. This applies particularity for oral cytology, in
which distinguishing between reactive/regenerative or neoplastic
changes occurring in NILM and LSIL samples is important [31]. Our
result showed that BRD4 and/or c-MYC expression were detected more
frequently in LSIL samples than TP53 expression. Therefore, evaluating
the BRD4-LI and ¢c-MYC-LI using ICC, in addition to oral cytological
screening, could improve the screening accuracy of the oral cytology
from NILM to SCC. c-MYC is a well-known of proto-oncogene that reg-
ulates various cellular processes including cell growth, differentiation
and apoptosis, and expression of the downstream target of BRD4 [33].
c-MYC promotes TP53 mutations and reduced expression of the Cdk
inhibitor p27¥iP! are frequently observed in human oral cancer, but it is
not known whether alterations in oral cancer suppressors interact to
influence oral cancer progression [34-37]. BRD4 and c-MYC expression
are usually upregulated in OED and SCC, and they are significantly
associated with clinicopathological features and poor survival [18,38].
However, their usefulness as markers for early detection of OPMDs and
oral SCC was unknown. Combining cytology and ICC to increase
screening accuracy has been widely reported for other cancers; however,
only a few studies have evaluated pathological conditions of the oral
cavity [29,30]. MUC21, which showed 100% sensitivity and specificity
(Fig. 5), is not recommended for screening because no immunostaining
was observed in OED and SCC samples (Fig. 1 and Fig. 2) [11,39]. This
study presents a novel oral cytological screening tool for OED and oral
SCC.

In conclusion, building on the results of our previous study [9,10], in
the present study, we monitored continuous morphological changes and
patterns of mRNA and protein expression during carcinogenesis in
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human samples. Our findings indicate that combination of ICC and oral
cytology for the detection of BRD4 and c-MYC expression could improve
the accuracy of OED and oral SCC diagnosis.

5. Conclusions

From the results of this research, we suggest to examine mRNA and
protein expression patterns of BRD4 and ¢-MYC analyzing by LBC using
human materials and clarify whether these markers are useful for the
early detection of OED and oral SCC.

Ethical approval

This study was approved by the Human Research Ethics Committee
of Niigata university (2018-0228). The requirement for informed con-
sent was waived owing to the retrospective study design and the ano-
nymization and deidentification of the dataset. The study was conducted
in accordance with the principles of the Declaration of Helsinki.

Funding

This work was supported by JSPS KAKENHI Grant Number
JP19K10069 and 23K09150.

Patient consent for publication
Not applicable.

Declaration of Competing Interest
The authors declare no conflict of interest.
Acknowledgements

We thank Amanda Holland, PhD, From Edanz (https://jp.edanz.
com/ac) for editing a draft of this manuscript.

References

[1] El-Naggar AK, Chan JKC, Grandis JR, Takata T, Slootweg PJ, editors. WHO
Classification of Head & Neck Tumours. 4th ed. Lyon: IARC Press; 2017. p. 109-11.

[2] Warnakulasuriya S. Clinical features and presentation of oral potentially malignant

disorders. Oral Surg Oral Med Oral Patholo Oral Radio 2018;125:582-90.

[3] Miranda-Filho A, Bray F. Global patterns and trends in cancers of the lip, tongue

and mouth. Oral Oncol 2020;102:104551.

Rajguru JP, Mouneshkumar CD, Radhakrishnan IC, Negi BS, Maya D, Hajibabaei S,

et al. Tumor markers in oral cancer: a review. J Fam Med Prim Care 2020;9:492-5.

Tanuma JI, Shisa H, Hiai H, Higashi S, Yamada Y, Kamoto T, et al. Quantitative

trait loci affecting 4-nitroquinoline 1-oxide-induced tongue carcinogenesis in the

rat. Cancer Res 1998;58:1660-4.

Tanuma JI, Kitano M, Shisa H, Hiai H. Polygenetic susceptibility and resistance to

4-nitroquinoline 1-oxide-induced tongue carcinomas in the rat. J Exp Anim Sci

2000;41:68-77.

Tanuma JI, Hiai H, Shisa H, Hirano M, Semba I, Nagaoka S, et al. Carcinogenesis

modifier loci in rat tongue are subject to frequent loss of heterozygosity. Int J

Cancer 2002;102:638-42.

[8] Suwa H, Hirano M, Kawarada K, Nagayam M, Ehara M, Muraki T, et al. Pthlh, a
promising cancer modifier gene in rat tongue carcinogenesis. Oncol Rep 2014;31:
3-12.

[9] Kawaharada M, Yamazaki M, Maruyama S, Abé T, Chan NN, Kitano T, et al. Novel
cytological model for the identification of early oral cancer diagnostic markers: the
carcinoma sequence model. Oncol Lett 2022;23:76.

[10] Kawaharada M, Maruyama S, Yamazaki M, Abé T, Chan NN, Uenomiya A, et al.
Clinicopathologic factors influencing the screening accuracy of oral cytology: a
retrospective cohort study. Oncol Lett 2022;24:385.

[11] Abé T, Maruyama S, Yamazaki M, Xu B, Babkair H, Sumita Y, et al. Proteomic and
histopathological characterization of the interface between oral squamous cell
carcinoma invasion fronts and non-cancerous epithelia. Exp Mol Pathol 2017;102:
327-36.

[12] Sivakumar N, Narwal A, Kumar S, Kamboj M, Devi A, Pandiar D, et al. Application
of the Bethesda system of reporting for cervical cytology to evaluate human
papilloma virus induced changes in oral leukoplakia, oral squamous cell
carcinoma, and oropharyngeal squamous cell carcinoma: a cytomorphological and
genetic study. Diagn Cytopathol 2021;49:1036-44.

[4

=

[5

]

[6

—

[7

—


https://jp.edanz.com/ac
https://jp.edanz.com/ac
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref1
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref1
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref2
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref2
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref3
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref3
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref4
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref4
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref5
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref5
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref5
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref6
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref6
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref6
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref7
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref7
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref7
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref8
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref8
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref8
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref9
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref9
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref9
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref10
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref10
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref10
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref11
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref11
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref11
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref11
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref12
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref12
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref12
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref12
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref12

T. Akimori et al.

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Mehrotra R. The role of cytology in oral lesions: a review of recent improvements.
Diagn Cytopathol 2012;40:73-83.

Chen N, Golczer G, Ghose S, Lin B, Langenbucher A, Webb J, et al. YAP1 maintains
active chromatin state in head and neck squamous cell carcinomas that promotes
tumorigenesis through cooperation with BRD4. Cell Rep 2022;39:110970.

Wu'Y, Wang Y, Diao P, Zhang W, Li J, Ge H, et al. Therapeutic targeting of BRD4 in
head neck squamous cell carcinoma. Theranostics 2019;9:1777-93.

Dong Y, Wang Z, Mao F, Cai L, Dan H, Jiang L, et al. PD-1 blockade prevents the
progression of oral carcinogenesis. Carcinogenesis 2021;42:891-902.

Liu X, Li Q, Huang P, Tong D, Wu H, Zhang F. EGFR-mediated signaling pathway
influences the sensitivity of oral squamous cell carcinoma to JQ1. J Cell Biochem
2018;119:8368-77.

Yamamoto T, Hirose A, Nakamoto M, Yoshida R, Sakata J, Matsuoka Y, et al. BRD4
promotes metastatic potential in oral squamous cell carcinoma through the
epigenic regulation of the MMP2 gene. Br J Cancer 2020;123:580-90.

Delmore JE, Issa GC, Lemieux ME, Rahl PB, Shi J, Jacobs HM, et al. BET
bromodomain inhibition as a therapeutic strategy to target c-Myc. Cell 2011;146:
904-17.

Poter JR, Fisher BE, Baranello L, Liu JC, Kambach DM, Nie Z, et al. Global
inhibition with specific activation: How p53 and MYC redistribute the
transcriptome in the DNA double-strand break response. Mol Cell 2017;67:
1013-25.

Ries JC, Schreiner D, Steininger H, Girod SC. p53 mutation and detection of p53
protein expression in oral leukoplakia and oral squamous cell carcinoma.
Anticancer Res 1998;18:2031-6.

Pallavi N, Nalabolu GRK, Hiremath SKS. Bcl-2 and c-Myc expression in oral
dysplasia and oral squamous cell carcinoma: an immunohistochemical study to
assess tumor progression. J Oral Maxillofac Pathol 2018;22:325-31.
Pérez-Sayans M, Suarez-Penaranda JM, Pilar GD, Barros-Angueira F,
Gandara-Rey JM, Garcia-garcia A. What real influence does the proto-oncogene
c-myc have in OSCC behavior. Oral Oncol 2011;47:688-92.

Papakosta V, Vairaktaris E, Vylliotis A, Derka S, Nkenke E, Vassiliou S, et al. The
co-expression of c-myc and p53 increases and reaches a plateau early in oral
oncogenesis. Anticancer Res 2006;26:2957-62.

Tanaka Y, editor. Japanese Society of Clinical Cytology. JSCC Atlas and Guidelines
for Cytopathological Diagnosis 5. Digestive Organs. 1st ed. Tokyo: Kanehara Press;
2015. p. 18-79.

Suzuki T, Isaka E, Hiraga C, Akiyama Y, Okamura M, Oomura Y, et al. New oral
cyto-diagnostic criteria predict change to oral epithelial dysplasia (OED) and
cancerization. Oral Sci Int 2021;18:203-8.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

[38]

[39]

Journal of Oral and Maxillofacial Surgery, Medicine, and Pathology xxx (xxxx) xxx

Navone R, Pentenero M, Gandolfo S. Liquid-based cytology in oral cavity squamous
cell cancer. Curr Opin Otolaryngol Head Neck Surg 2011;19:77-81.

Robin X, Turck N, Hainard A, Tiberti N, Lisacek F, Sanchez JC, et al. pROC: an
open-source package for R and S+ to analyze and compare ROC curves. BMC
Bioinforma 2011;12:77.

Ikeda M, Shima K, Kondo T, Semba I. Atypical immuno-histochemical patterns can
complement the histopathological diagnosis of oral premalignant lesions. J Oral
Biosci 2020;62:93-8.

Noda Y, Kondo Y, Sakai M, Sato S, Kishino M. Galectin-1 is a useful marker for
detecting neoplastic squamous cells in oral cytology smears. Hum Pathol 2016;52:
101-9.

Elmahdi FM, Alsebaee RO, Ballaji MM, Alharbi AM, Alhejaili ME, Altamimi HS,
et al. Cytological changes and immunocytochemistry expression of p53 in oral
mucosa among waterpipe users in the Kingdom of Saudi Arabia. Cureus 2022;14:
e31190.

Baral R, Patnaik S, Das BR. Co-overexpression of p53 and c-myc proteins linked
with advanced stages of betel- and tobacco-related oral squamous cell carcinomas
from eastern India. Eur J Oral Sci 1998;106:907-13.

Arabi A, Rustum C, Hallberg E, Wright APH. Accumulation of c-Myc and
proteasomes at the nucleoli of cells containing elevated c-Myc protein levels. J Cell
Sci 2003;116:1707-17.

Liao P, Zeng SX, Zhou X, Chen T, Zhou F, Cao B, et al. Mutant p53 gains its function
via c-Myc activation upon CDK4 phosphorylation at serine 249 and consequent
PIN1 binding. Mol Cell 2017;68:1134-46.

Torchia MLG, Ashwell JD. Getting MAD at MYC. Proc Natl Acad Sci USA 2018;115:
9821-3.

Todd R, Hinds PW, Munger K, Rustgi AK, Opitz OG, Suliman Y, et al. Cell cycle
dysregulation in oral cancer. Crit Rev Oral Biol Med 2002;13:51-61.

Miliani de Marval PL, Macias E, Rounbehler R, Sicinski P, Kiyokawa H,

Johnson DG, et al. Lack of cyclin-dependent kinase 4 inhibits c-myc tumorigenic
activities in epithelial tissues. Mol Cell Biol 2004;24:7538-47.

Webber LP, Yujira VQ, Vargas PA, Martins MD, Squarize CH, Castilho RM.
Interference with the bromodomain epigenome readers drives p21 expression and
tumor senescence. Cancer Lett 2019;461:10-20.

Tian Y, Denda-Nagai K, Kamata-Sakurai M, Nakamori S, Tsukui T, Itoh Y, et al.
Mucin 21 in esophageal squamous epithelia and carcinomas: analysis with
glycoform-specific monoclonal antibodies. Glycob 2012;22:1218-26.


http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref13
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref13
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref14
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref14
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref14
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref15
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref15
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref16
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref16
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref17
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref17
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref17
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref18
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref18
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref18
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref19
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref19
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref19
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref20
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref20
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref20
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref20
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref21
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref21
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref21
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref22
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref22
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref22
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref23
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref23
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref23
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref24
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref24
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref24
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref25
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref25
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref25
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref26
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref26
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref26
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref27
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref27
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref28
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref28
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref28
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref29
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref29
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref29
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref30
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref30
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref30
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref31
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref31
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref31
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref31
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref32
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref32
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref32
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref33
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref33
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref33
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref34
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref34
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref34
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref35
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref35
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref36
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref36
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref37
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref37
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref37
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref38
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref38
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref38
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref39
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref39
http://refhub.elsevier.com/S2212-5558(23)00250-8/sbref39

	Searching for new early detection markers of oral epithelial dysplasia and oral squamous cell carcinoma using oral liquid-b ...
	1 Introduction
	2 Methods
	2.1 Patient samples
	2.2 Clinicopathological data
	2.3 Immunostaining of BRD4, c-MYC, TP53, and MUC21 in cytological and histological specimens
	2.4 Labeling index analysis for ICC
	2.5 RNA isolation and quantitative real-time PCR
	2.6 Statistical analyses

	3 Results
	3.1 Relationship between LBC screening and clinicopathologic features in oral SCC and OPMDs
	3.2 Papanicolaou staining
	3.3 Analysis of BRD4, c-MYC, TP53, and MUC21 expression using ICC and IHC
	3.4 mRNA expression of candidate markers in LBC samples
	3.5 Protein expression of candidate markers in LBC samples
	3.6 Between mRNA expression and LI of BRD4, c-MYC, TP53 and MUC21
	3.7 Screening accuracy of candidate markers

	4 Discussion
	5 Conclusions
	Ethical approval
	Funding
	Patient consent for publication
	Declaration of Competing Interest
	Acknowledgements
	References


