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Simple Summary: Oral squamous cell carcinoma (OSCC) histopathologically accounts for ≥90% of
oral cancer. In this review article, we focus on the diversity of the origin of OSCC and also discuss
cancer stem cells (CSCs). CSCs are a subset of cancer cells that occupy a very small portion of the
cancer mass and have characteristics of stem cells. When gene abnormalities accumulate in somatic
stem cells, those cells transform into CSCs. CSCs as the origin of cancer then autonomously grow and
develop into cancer. The histopathological phenotype of cancer cells is determined by the original
characteristics of the somatic stem cells and/or surrounding environment. OSCC may be divided
into the following three categories with different malignancy based on the origin of CSCs: cancer
from oral epithelial stem cell-derived CSCs, cancer from stem cells in salivary gland-derived CSCs,
and cancer from bone marrow-derived stem cell-derived CSCs.

Abstract: Oral squamous cell carcinoma (OSCC) histopathologically accounts for≥90% of oral cancer.
Many clinicopathological risk factors for OSCC have also been proposed, and postoperative therapy
is recommended in guidelines based on cancer stage and other risk factors. However, even if the
standard treatment is provided according to the guidelines, a few cases rapidly recur or show cervical
and distant metastasis. In this review article, we focus on the diversity of the origin of OSCC. We also
discuss cancer stem cells (CSCs) as a key player to explain the malignancy of OSCC. CSCs are a subset
of cancer cells that occupy a very small portion of the cancer mass and have characteristics of stem
cells. When gene abnormalities accumulate in somatic stem cells, those cells transform into CSCs.
CSCs as the origin of cancer then autonomously grow and develop into cancer. The histopathological
phenotype of cancer cells is determined by the original characteristics of the somatic stem cells
and/or surrounding environment. OSCC may be divided into the following three categories with
different malignancy based on the origin of CSCs: cancer from oral epithelial stem cell-derived CSCs,
cancer from stem cells in salivary gland-derived CSCs, and cancer from bone marrow-derived stem
cell-derived CSCs.

Keywords: oral squamous cell carcinoma; origin of cancer; stem cell; cancer stem cell; somatic stem
cell; oral epithelial stem cell; bone marrow-derived stem cell

1. Introduction

Oral cancer is a general term for malignant tumors developing in the oral cavity
and is the eighteenth most common cancer [1,2]. Every year, there are 377,713 cases of
newly diagnosed oral cancer and 177,757 deaths from this cancer [2,3]. According to the
definition from the Union for International Cancer Control, oral cancer includes cancers
developing on the buccal mucosa, maxillary gingiva, mandibular gingiva, hard palate,
tongue, oral floor, and lips [4]. Since the oral mucosa is covered by stratified squamous
epithelium, squamous cell carcinoma (SCC) histopathologically accounts for ≥90% of cases
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of oral cancer [5]. Other types of oral cancer include salivary gland cancer, malignant
melanoma, malignant lymphoma, sarcoma, and metastatic cancer. Oral squamous cell
carcinoma (OSCC) is mainly treated surgically and also with a combination of radiation
and chemotherapeutic drugs. In recent years, the usage of molecular-targeted drugs and
immune checkpoint inhibitors has increased [6–10]. Rapid progress with these therapeutic
methods has improved the outcomes for OSCC, but local recurrence, lymph node metastasis,
and distal metastasis still occur at a certain rate. Local recurrence may occur even after
complete surgical resection with an appropriate safety margin. In addition, in cases that
are evaluated as negative for lymph node metastasis by preoperative examinations with
highly accurate modalities such as fluorodeoxyglucose-positron emission tomography
(FDG-PET), contrast computed tomography (CT), magnetic resonance imaging (MRI),
and ultrasonography, cervical lymph node metastasis may subsequently develop, which
decreases the survival rate [7,8].

It is well-known that the prognosis of oral cancer correlates with cancer stage [11], and
many other clinicopathological risk factors have also been proposed [12–25]. Postoperative
radiation therapy and chemotherapy are recommended based on cancer stage and other
risk factors in several guidelines [12]. However, even if the standard treatment is provided
according to the guidelines, tumor recurrence and metastasis rapidly occur in a few cases.
For example, there is a case of early-stage oral cancer with a minute primary tumor without
any detectable metastasis that shows a poor prognosis after complete resection of the
primary tumor, due to cervical lymph node metastasis and distal metastasis in an extremely
early phase (Figure 1: A 60-year-old male patient with right tongue SCC. Tumor diameter
was 7 × 5 mm, depth of invasion was 1 mm (T1N0M0), and degree of differentiation
was moderate. Surgical margins were negative.). On the other hand, there is a case of
advanced oral cancer with significant local proliferation and invasion that shows a favorable
prognosis after appropriate resection of the primary tumor (Figure 2: A 65-year-old male
patient with right tongue SCC. Tumor diameter was 62 × 39 mm, depth of invasion was
30 mm, bilateral cervical lymph node metastasis (T4aN2cM0), and degree of differentiation
was moderate. Surgical margins were negative.). This raises the questions of, “Two such
cases are the same disease”?

Cancer stage is determined at the first hospital visit, and the diagnosis is made without
consideration of factors related to time course until the time of diagnosis. At the first visit,
cancer stage may be determined based on a product of “biological malignancy of the tumor”
and “time since its occurrence”. This means that if the time from occurrence is long at the
first hospital visit, even a tumor with low biological malignancy (proliferative, invasive,
and metastatic capacities) may be diagnosed as an advanced large tumor. On the other
hand, a tumor with extremely high biological malignancy that is diagnosed immediately
after its occurrence may be defined as a cancer at an early stage. Because the primary lesion
of such a tumor is small, the invasion to surrounding tissues is mild, and lymph node
or distal metastasis is too small to be detected by imaging. To resolve such problems, an
approach to determining fundamental malignancy using a genetic analysis of the tumor
cells has been suggested [26–30], but no target molecules and standard methods have been
established at this point.

We have focused on the diversity of the origin of OSCC and on cancer stem cells
(CSCs) [31–40] as a key plyer to explain the malignancy of OSCC. CSCs are a subset of
cancer cells that occupy a very small portion of the tumor mass and have characteristics of
stem cells [34,35,37,40,41]. CSCs have a capability of asymmetrical cell division, and the
self-renewal capacity of CSCs produces a heterogeneous population of cancer cells. Fur-
thermore, CSCs show higher anti-apoptosis activity, invasiveness, and survivability in the
ectopic environment than other subsets of cancer cells. Thus, CSCs have more malignant
characteristics, including tumorigenicity and metastatic potential, than other subsets of can-
cer cells. In general, when gene abnormalities accumulate in somatic stem cells, those cells
transform into CSCs. CSCs then autonomously grow and develop into cancer [31,33,42–44].
The histopathological phenotype of cancer cells is determined by the original characteristics
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of the somatic stem cells and/or surrounding environment; then, some cells become squa-
mous cancer, adenocarcinoma, sarcoma, lymphoma, or leukemia. When gene abnormalities
accumulate in more undifferentiated and multipotent somatic stem cells, such as bone
marrow stem cells, transformed somatic stem cells (CSCs) can form tumors with several
histopathological phenotypes depending on the surrounding environments.
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Figure 1. A 60-year-old male patient underwent partial glossectomy for right SCC of the tongue
(T1N0M0, tumor diameter was 7 × 5 mm, depth of invasion was 1 mm, and degree of differentiation
was moderate; surgical margins were negative). Cervical metastasis was confirmed 12 months after
the initial surgery, and radical neck dissection was performed. Pulmonary metastasis occurred
3 months later, and the patient died due to the disease. (A) Photograph of the oral cavity at the
first hospital visit. (B) Magnified image of a sample from partial glossectomy. (C) FDG-PET/CT at
12 months after the initial surgery. (D) FDG-PET/CT at 3 months after radical neck dissection.

In this review article, we describe the general features of CSCs and discuss the diver-
sity of origin of the CSCs in OSCC based on our published results. We also discuss the
evaluation of biological malignancy of OSCC based on the origin of CSCs and the selection
of an appropriate treatment strategy for each OSCC.



Cancers 2022, 14, 3588 4 of 12

Cancers 2022, 14, 3588 3 of 11 
 

 

 
Figure 2. A 65-year-old male patient with right SCC of the tongue (T4aN2cM0, tumor diameter was 
62 × 39 mm, depth of invasion was 30 mm, and degree of differentiation was moderate; surgical 
margins were negative) underwent bilateral radical neck dissection, total removal of the tongue, 
and reconstruction with a rectus abdominis musculocutaneous flap. The patient has survived and 
been disease-free for ≥5 years since the surgery. (A) Photograph of the oral cavity at the first hospital 
visit. (B) MRI at the first hospital visit. (C) FDG-PET/CT at the first hospital visit. 

Cancer stage is determined at the first hospital visit, and the diagnosis is made with-
out consideration of factors related to time course until the time of diagnosis. At the first 
visit, cancer stage may be determined based on a product of “biological malignancy of the 
tumor” and “time since its occurrence”. This means that if the time from occurrence is 
long at the first hospital visit, even a tumor with low biological malignancy (proliferative, 
invasive, and metastatic capacities) may be diagnosed as an advanced large tumor. On 
the other hand, a tumor with extremely high biological malignancy that is diagnosed im-
mediately after its occurrence may be defined as a cancer at an early stage. Because the 
primary lesion of such a tumor is small, the invasion to surrounding tissues is mild, and 
lymph node or distal metastasis is too small to be detected by imaging. To resolve such 
problems, an approach to determining fundamental malignancy using a genetic analysis 
of the tumor cells has been suggested [26–30], but no target molecules and standard meth-
ods have been established at this point. 

We have focused on the diversity of the origin of OSCC and on cancer stem cells (CSCs) 
[31–40] as a key plyer to explain the malignancy of OSCC. CSCs are a subset of cancer cells 
that occupy a very small portion of the tumor mass and have characteristics of stem cells 
[34,35,37,40,41]. CSCs have a capability of asymmetrical cell division, and the self-renewal 
capacity of CSCs produces a heterogeneous population of cancer cells. Furthermore, CSCs 

Figure 2. A 65-year-old male patient with right SCC of the tongue (T4aN2cM0, tumor diameter was
62 × 39 mm, depth of invasion was 30 mm, and degree of differentiation was moderate; surgical
margins were negative) underwent bilateral radical neck dissection, total removal of the tongue, and
reconstruction with a rectus abdominis musculocutaneous flap. The patient has survived and been
disease-free for ≥5 years since the surgery. (A) Photograph of the oral cavity at the first hospital visit.
(B) MRI at the first hospital visit. (C) FDG-PET/CT at the first hospital visit.

2. CSCs in OSCC
2.1. Cancer Stem Cells (CSCs)

Previous studies have suggested that cancers are organized as a cellular hierarchy of
various populations of cancer cells, and the hierarchy is maintained by a small subset of
cancer cells, called CSCs [33,34]. CSCs have stemness and are also called cancer-initiating
cells [31–42,45]. CSCs were identified for the first time in 1997 by Bonnet and Dick in a
patient with acute myeloid leukemia [46]. In a tumor transplant experiment in immunode-
ficient mice, only a small subset of leukemia cells with CD34+/CD38− could regenerate
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the original leukemia [46]. Then, in 2003, Al-Hajj et al. reported that only a subset of
CD44+/CD24− breast cancer cells could reestablish a tumor mass with the same pheno-
type from the original tumor, leading to the identification of CSCs in solid cancer [47].
Subsequently, CSCs have been found in many types of solid cancer [33,42]. CSCs are
characterized by abilities such as long-term potential for self-renewal, proliferation, and
differentiation in a tumor mass [34,48,49]. In addition, CSCs have many biological charac-
teristics, including resistance to chemotherapy and radiation therapy [50,51], avoidance
of induced cell death [52,53], and dormancy [54], which differ from those of non-CSCs.
Based on these characteristics, CSCs are thought to play a leading role in the development,
progression, and recurrence of cancer.

2.2. CSCs in OSCC

CSCs have also been shown to play important roles in the development and progres-
sion of OSCC [31–40]. It is reported that only a small percentage of the cell population
contributes to the development of OSCC, and this population has properties corresponding
to those of CSCs [31,40]. These findings suggest that the OSCC tumor mass is a mixture of:
(1) CSCs with the capabilities of asymmetrical cell division and self-renewal, (2) transient
proliferating cells (progenitor cells) with the capability of several self-divisions, and (3) dif-
ferentiated cells that do not contribute to tumor proliferation [31]. There are no specific
single markers that clearly define CSCs in OSCC, but several markers are combined to iden-
tify CSCs in OSCC. Some CSCs express similar proteins to those that regulate embryonic
stem cells (ESCs), including OCT4, NANOG, and SOX2, which are used as markers for
CSCs in OSCC [45]. These proteins are master regulators of self-renewal and maintenance
in the undifferentiated stem cell population. CD44, CD24, CD133, Musashi-1, and ALDH
have also been reported as potential markers of CSCs in OSCC [31,35,38–40].

3. Possible Candidates of the Origin of CSCs in OSCC
3.1. Oral Epithelial Stem Cells Located Close to Basal Cells of Stratified Squamous Epithelium

Oral epithelial stem cells, which are located close to the basal cells of stratified squa-
mous epithelium, can be a candidate for the origin of CSCs in OSCC [31,33,36]. Oral
epithelium is formed with several cell layers, including the basal, prickle cell, granular, and
cornified layers in the keratinizing region, and the basal, prickle cell, inner, and surface
layers in the non-keratinizing region. Cell proliferation occurs in the basal cell layer or
supra-basal layer to supply new cells; the cells differentiate toward the surface layer, and
the components of the entire epithelial mucosa are renewed in 5 to 40 days. This high
regenerative ability and rapid replacement of tissues in the oral mucosa are related to the
presence and dynamics of oral epithelial stem cells in the basal cell layer. Oral epithelial
stem cells expressing Bmi1 were first reported in the dorsal tongue epithelium [55,56].
Transformation from oral epithelial stem cells to CSCs and OSCC development may in-
volve the activation of K-ras, a combination of activated K-ras and the loss of p53, the loss
of SMAD4, the double loss of PTEN and TGF-β receptor type 1, and the deregulation of
NOTCH signaling [33,36,38,39,41].

3.2. Stem Cells in Minor Salivary Gland That Can Differentiate to Salivary Gland Components,
Squamous Cells, or Mesenchymal Cells

Our research group proposed the intriguing hypothesis that OSCC may be composed
of at least two different cancers: mucosal-SCC derived from squamous epithelium and
salivary-SCC derived from the minor salivary gland [44]. These two origins of OSCC were
defined using a clustering analysis of whole gene expression profiles, and nine genes were
identified as markers of salivary-SCC. Furthermore, we revealed that salivary-SCC showed
high metastatic potential and a poor event-free survival rate.

TYS cells, a cell line established using well-differentiated SCC of the oral floor, showed
high expression of carcinoembryonic antigen, a tumor marker for adenocarcinoma, and
formed adenosquamous cancer in nude mice [57]. HSG cells established from an irradiated
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submandibular gland [58] also form adenocarcinoma in nude mice. HSG cells differentiate
into several different cell types (myoepithelial cells, acinic cells, chondrocyte-like cells, bone-
forming cells, neuronal-like cells) upon treatment with various differentiation-inducing
agents [59–65]. HSG cells can also differentiate into keratinizing SCC after treating with
retinoic acid [66]. These reports also provide experimental support for the possibility that
some salivary gland cells may be the origin of SCC in the oral cavity. Salivary gland cancer
is generally recognized to be more resistant to radiation and chemotherapy compared to
SCC and to metastasize to distal organs, causing a poor prognosis [67,68]. Therefore, for
salivary-SCC in the oral cavity, a wider resection margin than that for mucosal-SCC in the
oral cavity and concomitant use of aggressive radical neck dissection for suspicious cervical
lymph nodes may be desirable.

3.3. Bone Marrow-Derived Pluripotential Stem Cells in Peripheral Blood

It has been reported that some patients develop OSCC from oral lichenoid lesions
caused by chronic graft-versus-host disease after hematopoietic stem cell transplantation in
the treatment of hematopoietic malignancies [69,70]. As a hypothesis to explain these cases,
Hasegawa et al. in our research group proposed that bone marrow (BM)-derived stem cells
could be the origin that causes the development of OSCC [43]. Sex-chromosome analysis
with fluorescence in situ hybridization and microdissection PCR of samples from patients
who developed OSCC after hematopoietic stem cell transplantation from a person of the
opposite sex suggested that OSCC was caused by donor-derived BM cells and showed poor
prognosis [43]. In microarray and cluster analyses of OSCC cases with possible BM stem
cell-derived OSCC, several candidate marker genes were identified [43]. Recent research
on the development of regenerative medicine has identified many somatic stem cells. For
example, the stem cells in hepatocyte and vascular endothelial cells were demonstrated
to be of bone marrow (BM) origin and were present in peripheral blood [71,72]. It was
also suggested that BM-derived stem cells may be involved in the regeneration of skin and
gastrointestinal epithelial cells [73,74].

It is well known that BM stem cells include hematopoietic progenitors and mesenchy-
mal stem cells, and that multilineage-differentiating stress-enduring (Muse) cells, a small
group of BM mesenchymal stem cells in circulating blood, can differentiate into several
types of cells, including epithelial cells [75]. In contrast to ES cells and iPS cells, Muse cells
are pluripotent cells with no possibility of neoplastic transformation, and thus, BM-derived
stem cells related to the development of OSCC may be a mass of non-Muse mesenchymal
stem cells. Kano et al. reported similar results for patients with esophageal SCC devel-
oped from BM-derived stem cells [76], and BM-derived stem cells are one of the leading
candidates as an origin in the development of SCCs.

4. Multistep Carcinogenesis, Fundamentally Good or Fundamentally Evil?

A mechanism in which genetic abnormalities accumulate in somatic stem cells re-
sulting in carcinogenesis (multistep carcinogenesis) has been proposed [77,78]. We have
suggested that somatic stem cells with genetic abnormalities (these are CSCs) could be
the origin of OSCC and may be composed of oral epithelial stem cell-derived CSCs, stem
cells in salivary gland-derived CSCs, and BM-derived stem cell-derived CSCs (Figure 3).
Recently, in a systematic review and meta-analysis, de la Cour et al. reported that 27%
of oral epithelial dysplasia had Human papillomavirus (HPV)-DNA [79]. However, the
detailed role of HPV in carcinogenesis from oral epithelial dysplasia to OSCC remained
unclear. We previously reported that the constitutive expressions of HPV16 E6/E7 as a
result of HPV integration in the genome was observed in 15.5% of OSCC, while there was
no correlation with prognosis and p53 abnormalities [80]. There were also negative results
regarding the involvement of HPV in OSCC carcinogenesis [81]. At present, we consider
that oncogenic HPV infection and integration may be associated with the carcinogenesis of
CSCs from oral epithelial stem cells. Further research and discussion may be needed to
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determine the association of HPV in the carcinogenesis of OSCC, especially in our three
different, hypothetical origins of CSCs.
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Cancer that develops from more undifferentiated stem cell-derived CSCs is considered
to shows “stemness” and high malignancy (invasion, metastatic potential). BM-derived
stem cell-derived CSCs are more undifferentiated than oral epithelial stem cell-derived
CSCs or stem cells in salivary gland-derived CSCs. Conventionally, most cases of OSCC
have been viewed as developing through “gain of function” as an accumulation of genetic
abnormalities in oral epithelial stem cells or salivary gland stem cells, gaining the potential
for proliferation, invasion, and metastasis [77]. This idea may be proposed based on the con-
cept of “fundamentally good”, in which normal cells do not behave similarly to malignant
cells (that is, infinite proliferative capacity, tissue infiltration by epithelial–mesenchymal
transition, evasion from drugs by hiding in a niche, efflux of drugs from inside of cells,
anti-apoptosis, anti-terminal differentiation, angiogenic potential, survival in blood vessels,
and survival and proliferation in an ectopic environment). In contrast, we would like
to propose that the development of highly malignant cancer from more undifferentiated
stem cell-derived CSCs is based on the concept of “fundamentally evil.” The above char-
acteristics of malignant cells are consistent with the stemness of pluripotent stem cells,
such as BM-derived stem cells. Pluripotent stem cells with these characteristics behave as
differentiated normal cells in their environment, masking their stemness, probably by the
methylation of the genes. When genetic abnormalities accumulate in pluripotent stem cells
and they become CSCs, their original masked characteristics, i.e., stemness, are exhibited,
and the tumor cells show extremely malignant behavior. This can be explained by the
hypothesis that there is another multistep carcinogenesis model that allows the malignant
transformation to proceed by gain of oncogenic function and the loss of masked stemness,
i.e., “loss of function” (Figure 4).
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To summarize our hypothesis, we propose that there are at least three CSCs that could
be considered as the origin in OSCC and that the characteristics of CSCs can be divided
into “fundamentally good” or “fundamentally evil”. Among the three CSCs, oral epithelial
stem cell-derived CSCs are classified as “fundamentally good”, BM-derived stem cell-
derived CSCs as “fundamentally evil”, and stem cells in salivary gland-derived CSCs as
intermediate between the two, based on their stemness. If we can identify the type of CSCs
as the origin of OSCC at the time of pre-treatment staging, the true malignancy of each
individual tumor may be determined. If some tumors can be diagnosed as “fundamentally
evil” by our new concept without being guided by the conventional staging of the tumor,
it would be desirable to apply escalated surgical resection and intensive postoperative
treatment. Alternatively, if some tumors can be diagnosed as “fundamentally good”,
the excessive surgical resection and aggressive postoperative therapy may be avoided.
This diagnosis concept based on the origin of CSCs for OSCC leads to a paradigm shift
from a conventional diagnosis system and treatment strategy based on clinical stage and
histopathology alone. Further research may be necessary to develop high-throughput and
more accurate methods to identify the type of CSCs as the origin of individual OSCC.

5. Conclusions

OSCC may be divided into the following three categories based on the origin of
CSCs: cancer form oral epithelial stem cell-derived CSCs, cancer from stem cells in salivary
gland-derived CSCs, and cancer from BM-derived stem cell-derived CSCs. Diagnosis of
OSCC based on the origin of CSCs is likely to be helpful for the development of concrete
therapeutic strategies to improve prognosis through the prediction of potent malignancy.
This idea may represent a paradigm shift in diagnostic and therapeutic strategies for OSCC.



Cancers 2022, 14, 3588 9 of 12

Author Contributions: C.F. and H.K., writing—original draft preparation; D.U. and H.K., writing—
review and editing. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bishop, J.A.; Sciubba, J.J.; Westra, W.H. Squamous Cell Carcinoma of the Oral Cavity and Oropharynx. Surg. Pathol. Clin. 2011, 4,

1127–1151. [CrossRef] [PubMed]
2. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

3. WHO. Classification of Tumours Editorial Board. Head and Neck Tumours. Available online: https://tumourclassification.iarc.
who.int/chapters/52 (accessed on 15 July 2022).

4. Brierley, J.D.; Gospodarowicz, M.K.; Wittenkind, C. TNM Classification of Malignant Tumours 8e; John Wiley & Sons, Inc.: HobLoken,
NJ, USA, 2017.

5. Warnakulasuriya, S. Global epidemiology of oral and oropharyngeal cancer. Oral. Oncol. 2009, 45, 309–316. [CrossRef] [PubMed]
6. Vermorken, J.B.; Mesia, R.; Rivera, F.; Remenar, E.; Kawecki, A.; Rottey, S.; Erfan, J.; Zabolotnyy, D.; Kienzer, H.-R.;

Cupissol, D.; et al. Platinum-Based Chemotherapy plus Cetuximab in Head and Neck Cancer. N. Engl. J. Med. 2008, 359,
1116–1127. [CrossRef]

7. Fukumoto, C.; Oshima, R.; Sawatani, Y.; Shiraishi, R.; Hyodo, T.; Kamimura, R.; Hasegawa, T.; Komiyama, Y.; Izumi, S.;
Fujita, A.; et al. Surveillance for Patients with Oral Squamous Cell Carcinoma after Complete Surgical Resection as Primary
Treatment: A Single-Center Retrospective Cohort Study. Cancers 2021, 13, 5843. [CrossRef]

8. Fukumoto, C.; Sawatani, Y.; Shiraishi, R.; Zama, M.; Shimura, M.; Hasegawa, T.; Komiyama, Y.; Fujita, A.; Wakui, T.; Kawamata, H.
Effectiveness of cetuximab as preemptive postsurgical therapy for oral squamous cell carcinoma patients with major risk: A single-
center retrospective cohort study. Investig. New Drugs 2021, 39, 846–852. [CrossRef]

9. Ferris, R.L.; Blumenschein, G.; Fayette, J.; Guigay, J.; Colevas, A.D.; Licitra, L.; Harrington, K.; Kasper, S.; Vokes, E.E.; Even, C.; et al.
Nivolumab for Recurrent Squamous-Cell Carcinoma of the Head and Neck. N. Engl. J. Med. 2016, 375, 1856–1867. [CrossRef]

10. Burtness, B.; Harrington, K.J.; Greil, R.; Soulieres, D.; Tahara, M.; de Castro, G., Jr.; Psyrri, A.; Baste, N.; Neupane, P.;
Bratland, A.; et al. Pembrolizumab alone or with chemotherapy versus cetuximab with chemotherapy for recurrent or metastatic
squamous cell carcinoma of the head and neck (KEYNOTE-048): A randomised, open-label, phase 3 study. Lancet 2019, 394,
1915–1928. [CrossRef]

11. Shinohara, S.; Kikuchi, M.; Harada, H.; Hamaguchi, K.; Asato, R.; Tamaki, H.; Mizuta, M.; Hori, R.; Kojima, T.; Honda, K.; et al.
Clinicopathological Characteristics and Survival Outcomes of Patients with Buccal Squamous Cell Carcinoma: Results of a
Multi-Institutional Study. Medicina 2021, 57, 1361. [CrossRef]

12. NCCN. NCCN Guidelines for Head and Neck Cancers (Version 1.2022). Available online: https://www.nccn.org/professionals/
physician_gls/pdf/head-and-neck.pdf (accessed on 20 June 2022).

13. Amit, M.; Yen, T.-C.; Liao, C.-T.; Chaturvedi, P.; Agarwal, J.P.; Kowalski, L.P.; Ebrahimi, A.; Clark, J.R.; Kreppel, M.; Zöller, J.; et al.
Improvement in survival of patients with oral cavity squamous cell carcinoma: An international collaborative study. Cancer 2013,
119, 4242–4248. [CrossRef]

14. Langendijk, J.A.; Slotman, B.J.; Van Der Waal, I.; Doornaert, P.; Berkof, J.; Leemans, C.R. Risk-group definition by recursive
partitioning analysis of patients with squamous cell head and neck carcinoma treated with surgery and postoperative radiotherapy.
Cancer 2005, 104, 1408–1417. [CrossRef] [PubMed]

15. Noble, A.R.; Greskovich, J.F.; Han, J.; Reddy, C.A.; Nwizu, T.I.; Khan, M.F.; Scharpf, J.; Adelstein, D.J.; Burkey, B.B.; Koyfman, S.A.
Risk Factors Associated with Disease Recurrence in Patients with Stage III/IV Squamous Cell Carcinoma of the Oral Cavity
Treated with Surgery and Postoperative Radiotherapy. Anticancer Res. 2016, 36, 785–792. [PubMed]

16. González-García, R.; Naval-Gías, L.; Rodríguez-Campo, F.J.; Sastre-Pérez, J.; Muñoz-Guerra, M.F.; Gil-Díez Usandizaga, J.L.
Contralateral Lymph Neck Node Metastasis of Squamous Cell Carcinoma of the Oral Cavity: A Retrospective Analytic Study in
315 Patients. J. Oral Maxillofac. Surg. 2008, 66, 1390–1398. [CrossRef]

17. Hosni, A.; McMullen, C.; Huang, S.H.; Xu, W.; Su, J.; Bayley, A.; Bratman, S.V.; Cho, J.; Giuliani, M.; Kim, J.; et al. Lymph node
ratio relationship to regional failure and distant metastases in oral cavity cancer. Radiother. Oncol. 2017, 124, 225–231. [CrossRef]
[PubMed]

18. Leemans, C.R.; Tiwari, R.; Nauta, J.J.P.; Waal, I.V.D.; Snow, G.B. Recurrence at the primary site in head and neck cancer and the
significance of neck lymph node metastases as a prognostic factor. Cancer 1994, 73, 187–190. [CrossRef]

19. Sakamoto, Y.; Matsushita, Y.; Yamada, S.-I.; Yanamoto, S.; Shiraishi, T.; Asahina, I.; Umeda, M. Risk factors of distant metastasis
in patients with squamous cell carcinoma of the oral cavity. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2016, 121, 474–480.
[CrossRef]

20. Suton, P.; Salaric, I.; Granic, M.; Mueller, D.; Luksic, I. Prognostic significance of extracapsular spread of lymph node metastasis
from oral squamous cell carcinoma in the clinically negative neck. Int. J. Oral Maxillofac. Surg. 2017, 46, 669–675. [CrossRef]

http://doi.org/10.1016/j.path.2011.07.002
http://www.ncbi.nlm.nih.gov/pubmed/26837788
http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://tumourclassification.iarc.who.int/chapters/52
https://tumourclassification.iarc.who.int/chapters/52
http://doi.org/10.1016/j.oraloncology.2008.06.002
http://www.ncbi.nlm.nih.gov/pubmed/18804401
http://doi.org/10.1056/NEJMoa0802656
http://doi.org/10.3390/cancers13225843
http://doi.org/10.1007/s10637-021-01062-0
http://doi.org/10.1056/NEJMoa1602252
http://doi.org/10.1016/S0140-6736(19)32591-7
http://doi.org/10.3390/medicina57121361
https://www.nccn.org/professionals/physician_gls/pdf/head-and-neck.pdf
https://www.nccn.org/professionals/physician_gls/pdf/head-and-neck.pdf
http://doi.org/10.1002/cncr.28357
http://doi.org/10.1002/cncr.21340
http://www.ncbi.nlm.nih.gov/pubmed/16130134
http://www.ncbi.nlm.nih.gov/pubmed/26851040
http://doi.org/10.1016/j.joms.2008.01.012
http://doi.org/10.1016/j.radonc.2017.06.018
http://www.ncbi.nlm.nih.gov/pubmed/28838425
http://doi.org/10.1002/1097-0142(19940101)73:1&lt;187::AID-CNCR2820730132&gt;3.0.CO;2-J
http://doi.org/10.1016/j.oooo.2015.11.022
http://doi.org/10.1016/j.ijom.2017.02.1277


Cancers 2022, 14, 3588 10 of 12

21. Burusapat, C.; Jarungroongruangchai, W.; Charoenpitakchai, M. Prognostic factors of cervical node status in head and neck
squamous cell carcinoma. World J. Surg. Oncol. 2015, 13, 51. [CrossRef]

22. Jerjes, W.; Upile, T.; Petrie, A.; Riskalla, A.; Hamdoon, Z.; Vourvachis, M.; Karavidas, K.; Jay, A.; Sandison, A.; Thomas, G.J.; et al.
Clinicopathological parameters, recurrence, locoregional and distant metastasis in 115 T1-T2 oral squamous cell carcinoma
patients. Head Neck Oncol. 2010, 2, 9. [CrossRef]

23. González-García, R.; Naval-Gías, L.; Román-Romero, L.; Sastre-Pérez, J.; Rodríguez-Campo, F.J. Local recurrences and second
primary tumors from squamous cell carcinoma of the oral cavity: A retrospective analytic study of 500 patients. Head Neck 2009,
31, 1168–1180. [CrossRef]

24. Herman, M.P.; Dagan, R.; Amdur, R.J.; Morris, C.G.; Werning, J.W.; Vaysberg, M.; Mendenhall, W.M. Postoperative radiotherapy
for patients at high risk of recurrence of oral cavity squamous cell carcinoma. Laryngoscope 2015, 125, 630–635. [CrossRef]
[PubMed]

25. Lim, Y.C.; Koo, B.S.; Choi, E.C. Bilateral Neck Node Metastasis: A Predictor of Isolated Distant Metastasis in Patients with Oral
and Oropharyngeal Squamous Cell Carcinoma After Primary Curative Surgery. Laryngoscope 2007, 117, 1576–1580. [CrossRef]
[PubMed]

26. Siriwardena, S.; Tsunematsu, T.; Qi, G.; Ishimaru, N.; Kudo, Y. Invasion-Related Factors as Potential Diagnostic and Therapeutic
Targets in Oral Squamous Cell Carcinoma—A Review. Int. J. Mol. Sci. 2018, 19, 1462. [CrossRef] [PubMed]

27. Kim, S.; Lee, J.W.; Park, Y.-S. The Application of Next-Generation Sequencing to Define Factors Related to Oral Cancer and
Discover Novel Biomarkers. Life 2020, 10, 228. [CrossRef] [PubMed]

28. Ferrari, E.; Pezzi, M.E.; Cassi, D.; Pertinhez, T.A.; Spisni, A.; Meleti, M. Salivary Cytokines as Biomarkers for Oral Squamous Cell
Carcinoma: A Systematic Review. Int. J. Mol. Sci. 2021, 22, 6795. [CrossRef]

29. Pillai, J.; Chincholkar, T.; Dixit, R.; Pandey, M. A systematic review of proteomic biomarkers in oral squamous cell cancer. World J.
Surg. Oncol. 2021, 19, 315. [CrossRef]

30. Sasahira, T.; Kurihara-Shimomura, M.; Shimojjukoku, Y.; Shima, K.; Kirita, T. Searching for New Molecular Targets for Oral
Squamous Cell Carcinoma with a View to Clinical Implementation of Precision Medicine. J. Pers. Med. 2022, 12, 413. [CrossRef]

31. Rodini, C.O.; Lopes, N.M.; Lara, V.S.; Mackenzie, I.C. Oral cancer stem cells - properties and consequences. J. Appl. Oral Sci. 2017,
25, 708–715. [CrossRef]

32. Ohnishi, Y.; Yasui, H.; Nozaki, M.; Nakajima, M. Molecularly-targeted therapy for the oral cancer stem cells. Jpn. Dent. Sci. Rev.
2018, 54, 88–103. [CrossRef]

33. Sánchez-Danés, A.; Blanpain, C. Deciphering the cells of origin of squamous cell carcinomas. Nat. Rev. Cancer 2018, 18, 549–561.
[CrossRef]

34. Hu, J.; Mirshahidi, S.; Simental, A.; Lee, S.C.; De Andrade Filho, P.A.; Peterson, N.R.; Duerksen-Hughes, P.; Yuan, X. Cancer stem
cell self-renewal as a therapeutic target in human oral cancer. Oncogene 2019, 38, 5440–5456. [CrossRef] [PubMed]

35. Peitzsch, C.; Nathansen, J.; Schniewind, S.I.; Schwarz, F.; Dubrovska, A. Cancer Stem Cells in Head and Neck Squamous Cell
Carcinoma: Identification, Characterization and Clinical Implications. Cancers 2019, 11, 616. [CrossRef] [PubMed]

36. Bai, Y.; Boath, J.; White, G.R.; Kariyawasam, U.G.I.U.; Farah, C.S.; Darido, C. The Balance between Differentiation and Terminal
Differentiation Maintains Oral Epithelial Homeostasis. Cancers 2021, 13, 5123. [CrossRef] [PubMed]

37. Moosavi, M.-S.; Tavakol, F. Literature review of cancer stem cells in oral lichen planus: A premalignant lesion. Stem Cell Investig.
2021, 8, 25. [CrossRef]

38. Picon, H.; Guddati, A.K. Cancer stem cells in head and neck cancer. Am. J. Stem Cells 2021, 10, 28–35.
39. Shahoumi, L.A. Oral Cancer Stem Cells: Therapeutic Implications and Challenges. Front. Oral Health 2021, 2, 685236. [CrossRef]
40. Singh, P.; Augustine, D.; Rao, R.S.; Patil, S.; Awan, K.H.; Sowmya, S.V.; Haragannavar, V.C.; Prasad, K. Role of cancer stem cells in

head-and-neck squamous cell carcinoma—A systematic review. J. Carcinog. 2021, 20, 12. [CrossRef]
41. Oshimori, N. Cancer stem cells and their niche in the progression of squamous cell carcinoma. Cancer Sci. 2020, 111, 3985–3992.

[CrossRef]
42. Wion, D.; Berger, F. Cancer stem cells. N. Engl. J. Med. 2006, 355, 2703, author reply 2703. [CrossRef]
43. Hasegawa, T.; Nakashiro, K.-I.; Fukumoto, C.; Hyodo, T.; Sawatani, Y.; Shimura, M.; Kamimura, R.; Kuribayashi, N.; Fujita, A.;

Uchida, D.; et al. Oral squamous cell carcinoma may originate from bone marrow-derived stem cells. Oncol. Lett. 2021, 21, 1.
[CrossRef]

44. Kinouchi, M.; Izumi, S.; Nakashiro, K.I.; Haruyama, Y.; Kobashi, G.; Uchida, D.; Hasegawa, T.; Kawamata, H. Determination of
the origin of oral squamous cell carcinoma by microarray analysis: Squamous epithelium or minor salivary gland? Int. J. Cancer
2018, 143, 2551–2560. [CrossRef] [PubMed]

45. Varun, B.R.; Jayanthi, P.; Ramani, P. Cancer stem cells: A comprehensive review on identification and therapeutic implications.
J. Oral Maxillofac. Pathol. 2020, 24, 190. [CrossRef] [PubMed]

46. Bonnet, D.; Dick, J.E. Human acute myeloid leukemia is organized as a hierarchy that originates from a primitive hematopoietic
cell. Nat. Med. 1997, 3, 730–737. [CrossRef]

47. Al-Hajj, M.; Wicha, M.S.; Benito-Hernandez, A.; Morrison, S.J.; Clarke, M.F. Prospective identification of tumorigenic breast
cancer cells. Proc. Natl. Acad. Sci. USA 2003, 100, 3983–3988. [CrossRef] [PubMed]

48. Kreso, A.; Dick, J.E. Evolution of the Cancer Stem Cell Model. Cell Stem Cell 2014, 14, 275–291. [CrossRef] [PubMed]

http://doi.org/10.1186/s12957-015-0460-6
http://doi.org/10.1186/1758-3284-2-9
http://doi.org/10.1002/hed.21088
http://doi.org/10.1002/lary.24938
http://www.ncbi.nlm.nih.gov/pubmed/25376116
http://doi.org/10.1097/MLG.0b013e318093ee2b
http://www.ncbi.nlm.nih.gov/pubmed/17667136
http://doi.org/10.3390/ijms19051462
http://www.ncbi.nlm.nih.gov/pubmed/29758011
http://doi.org/10.3390/life10100228
http://www.ncbi.nlm.nih.gov/pubmed/33023080
http://doi.org/10.3390/ijms22136795
http://doi.org/10.1186/s12957-021-02423-y
http://doi.org/10.3390/jpm12030413
http://doi.org/10.1590/1678-7757-2016-0665
http://doi.org/10.1016/j.jdsr.2017.11.001
http://doi.org/10.1038/s41568-018-0024-5
http://doi.org/10.1038/s41388-019-0800-z
http://www.ncbi.nlm.nih.gov/pubmed/30936460
http://doi.org/10.3390/cancers11050616
http://www.ncbi.nlm.nih.gov/pubmed/31052565
http://doi.org/10.3390/cancers13205123
http://www.ncbi.nlm.nih.gov/pubmed/34680271
http://doi.org/10.21037/sci-2020-049
http://doi.org/10.3389/froh.2021.685236
http://doi.org/10.4103/jcar.JCar_14_20
http://doi.org/10.1111/cas.14639
http://doi.org/10.1056/NEJMc062882
http://doi.org/10.3892/ol.2021.12431
http://doi.org/10.1002/ijc.31811
http://www.ncbi.nlm.nih.gov/pubmed/30121960
http://doi.org/10.4103/jomfp.JOMFP_336_19
http://www.ncbi.nlm.nih.gov/pubmed/32508482
http://doi.org/10.1038/nm0797-730
http://doi.org/10.1073/pnas.0530291100
http://www.ncbi.nlm.nih.gov/pubmed/12629218
http://doi.org/10.1016/j.stem.2014.02.006
http://www.ncbi.nlm.nih.gov/pubmed/24607403


Cancers 2022, 14, 3588 11 of 12

49. Brooks, M.D.; Burness, M.L.; Wicha, M.S. Therapeutic Implications of Cellular Heterogeneity and Plasticity in Breast Cancer. Cell
Stem Cell 2015, 17, 260–271. [CrossRef]

50. Bao, S.; Wu, Q.; McLendon, R.E.; Hao, Y.; Shi, Q.; Hjelmeland, A.B.; Dewhirst, M.W.; Bigner, D.D.; Rich, J.N. Glioma stem cells
promote radioresistance by preferential activation of the DNA damage response. Nature 2006, 444, 756–760. [CrossRef]

51. Li, X.; Lewis, M.T.; Huang, J.; Gutierrez, C.; Osborne, C.K.; Wu, M.F.; Hilsenbeck, S.G.; Pavlick, A.; Zhang, X.; Chamness, G.C.; et al.
Intrinsic Resistance of Tumorigenic Breast Cancer Cells to Chemotherapy. J. Natl. Cancer Inst. 2008, 100, 672–679. [CrossRef]

52. Todaro, M.; Alea, M.P.; Di Stefano, A.B.; Cammareri, P.; Vermeulen, L.; Iovino, F.; Tripodo, C.; Russo, A.; Gulotta, G.;
Medema, J.P.; et al. Colon Cancer Stem Cells Dictate Tumor Growth and Resist Cell Death by Production of Interleukin-4.
Cell Stem Cell 2007, 1, 389–402. [CrossRef]

53. Majeti, R.; Chao, M.P.; Alizadeh, A.A.; Pang, W.W.; Jaiswal, S.; Gibbs, K.D.; Van Rooijen, N.; Weissman, I.L. CD47 Is an Adverse
Prognostic Factor and Therapeutic Antibody Target on Human Acute Myeloid Leukemia Stem Cells. Cell 2009, 138, 286–299.
[CrossRef]

54. Kreso, A.; O’Brien, C.A.; van Galen, P.; Gan, O.I.; Notta, F.; Brown, A.M.; Ng, K.; Ma, J.; Wienholds, E.; Dunant, C.; et al. Variable
clonal repopulation dynamics influence chemotherapy response in colorectal cancer. Science 2013, 339, 543–548. [CrossRef]
[PubMed]

55. Chen, D.; Wu, M.; Li, Y.; Chang, I.; Yuan, Q.; Ekimyan-Salvo, M.; Deng, P.; Yu, B.; Yu, Y.; Dong, J.; et al. Targeting BMI1 + Cancer
Stem Cells Overcomes Chemoresistance and Inhibits Metastases in Squamous Cell Carcinoma. Cell Stem Cell 2017, 20, 621–634.E6.
[CrossRef] [PubMed]

56. Tanaka, T.; Komai, Y.; Tokuyama, Y.; Yanai, H.; Ohe, S.; Okazaki, K.; Ueno, H. Identification of stem cells that maintain and
regenerate lingual keratinized epithelial cells. Nat. Cell Biol. 2013, 15, 511–518. [CrossRef]

57. Yanagawa, T.; Hayashi, Y.; Yoshida, H.; Yura, Y.; Nagamine, S.; Bando, T.; Sato, M. An adenoid squamous carcinoma-forming cell
line established from an oral keratinizing squamous cell carcinoma expressing carcinoembryonic antigen. Am. J. Pathol. 1986, 124,
496–509.

58. Shirasuna, K.; Sato, M.; Miyazaki, T. A Neoplastic Epithelial Duct Cell Line Established From An Irradiated Human Salivary
Gland. Cancer 1981, 48, 745–752. [CrossRef]

59. Azuma, M.; Yoshida, H.; Kawamata, H.; Yanagawa, T.; Furumoto, N.; Sato, M. Cellular proliferation and ras oncogene of
p21 21,000 expression in relation to the intracellular cyclic adenosine 3′:5′-monophosphate levels of a human salivary gland
adenocarcinoma cell line in culture. Cancer Res. 1988, 48, 2898–2903. [PubMed]

60. Aladib, W.; Yoshida, H.; Sato, M. Effect of epidermal growth factor on the cellular proliferation and phenotype of a neoplastic
human salivary intercalated duct cell line or its derivatives. Cancer Res. 1990, 50, 7650–7661.

61. Azuma, M.; Kawamata, H.; Kasai, Y.; Yanagawa, T.; Yoshida, H.; Sato, M. Induction of cells with a chondrocyte-like phenotype by
treatment with 1 alpha,25-dihydroxyvitamin D3 in a human salivary acinar cell line. Cancer Res. 1989, 49, 5435–5442.

62. Iga, H.; Azuma, M.; Nagamine, S.; Kaji, R.; Takase, M.; Yanagawa, T.; Yoshida, H.; Sato, M. Expression of neurofilaments in a
neoplastic human salivary intercalated duct cell line or its derivatives and effect of nerve growth factor on the cellular proliferation
and phenotype. Cancer Res. 1989, 49, 6708–6719.

63. Kawamata, H.; Azuma, M.; Yanagawa, T.; Yura, Y.; Yoshida, H.; Furumoto, N.; Sato, M. Effect of dibutyryl cyclic adenosine
3′,5′-monophosphate on morphological features and biological markers of human salivary myoepithelial cell line in culture.
Cancer Investig. 1992, 10, 111–127. [CrossRef]

64. Azuma, M.; Hayashi, Y.; Yoshida, H.; Yanagawa, T.; Yura, Y.; Ueno, A.; Sato, M. Emergence of differentiated subclones from
a human salivary adenocarcinoma cell clone in culture after treatment with sodium butyrate. Cancer Res. 1986, 46, 770–777.
[PubMed]

65. Sato, M.; Azuma, M.; Hayashi, Y.; Yoshida, H.; Yanagawa, T.; Yura, Y. 5-Azacytidine induction of stable myoepithelial and acinar
cells from a human salivary intercalated duct cell clone. Cancer Res. 1987, 47, 4453–4459. [PubMed]

66. Azuma, M.; Kawamata, H.; Kasai, Y.; Nagamine, S.; Yoshida, H.; Yanagawa, T.; Sato, M. Effects of retinoic acid on morphological
features and biological markers of a neoplastic human salivary intercalated duct cell line in culture. Cancer Res. 1988, 48,
7219–7225.

67. Mendenhall, W.M.; Morris, C.G.; Amdur, R.J.; Werning, J.W.; Hinerman, R.W.; Villaret, D.B. Radiotherapy alone or combined with
surgery for adenoid cystic carcinoma of the head and neck. Head Neck 2004, 26, 154–162. [CrossRef] [PubMed]

68. Speight, P.; Barrett, A. Salivary gland tumours. Oral Dis. 2002, 8, 229–240. [CrossRef] [PubMed]
69. Arai, Y.; Arai, H.; Aoyagi, A.; Yamagata, T.; Mitani, K.; Kubota, K.; Kawamata, H.; Imai, Y. A Solid Tumor of Donor Cell-Origin

After Allogeneic Peripheral Blood Stem Cell Transplantation. Am. J. Transplant. 2006, 6, 3042–3043. [CrossRef]
70. Liu, Y.; Yuan, W.; Li, M.; Cheng, L.; Yang, J.; Yin, B.; Huang, X. In situ buccal carcinoma in a teenager after hematopoietic stem cell

transplantation: A case report. Medicine 2020, 99, e22781. [CrossRef]
71. Jackson, K.A.; Majka, S.M.; Wang, H.; Pocius, J.; Hartley, C.J.; Majesky, M.W.; Entman, M.L.; Michael, L.H.; Hirschi, K.K.;

Goodell, M.A. Regeneration of ischemic cardiac muscle and vascular endothelium by adult stem cells. J. Clin. Investig. 2001, 107,
1395–1402. [CrossRef]

72. Alison, M.R.; Poulsom, R.; Jeffery, R.; Dhillon, A.P.; Quaglia, A.; Jacob, J.; Novelli, M.; Prentice, G.; Williamson, J.; Wright, N.A.
Hepatocytes from non-hepatic adult stem cells. Nature 2000, 406, 257. [CrossRef]

http://doi.org/10.1016/j.stem.2015.08.014
http://doi.org/10.1038/nature05236
http://doi.org/10.1093/jnci/djn123
http://doi.org/10.1016/j.stem.2007.08.001
http://doi.org/10.1016/j.cell.2009.05.045
http://doi.org/10.1126/science.1227670
http://www.ncbi.nlm.nih.gov/pubmed/23239622
http://doi.org/10.1016/j.stem.2017.02.003
http://www.ncbi.nlm.nih.gov/pubmed/28285905
http://doi.org/10.1038/ncb2719
http://doi.org/10.1002/1097-0142(19810801)48:3&lt;745::AID-CNCR2820480314&gt;3.0.CO;2-7
http://www.ncbi.nlm.nih.gov/pubmed/2834050
http://doi.org/10.3109/07357909209032772
http://www.ncbi.nlm.nih.gov/pubmed/3000585
http://www.ncbi.nlm.nih.gov/pubmed/2440567
http://doi.org/10.1002/hed.10380
http://www.ncbi.nlm.nih.gov/pubmed/14762884
http://doi.org/10.1034/j.1601-0825.2002.02870.x
http://www.ncbi.nlm.nih.gov/pubmed/12363107
http://doi.org/10.1111/j.1600-6143.2006.01581.x
http://doi.org/10.1097/MD.0000000000022781
http://doi.org/10.1172/JCI12150
http://doi.org/10.1038/35018642


Cancers 2022, 14, 3588 12 of 12

73. Okamoto, R.; Yajima, T.; Yamazaki, M.; Kanai, T.; Mukai, M.; Okamoto, S.; Ikeda, Y.; Hibi, T.; Inazawa, J.; Watanabe, M. Damaged
epithelia regenerated by bone marrow–derived cells in the human gastrointestinal tract. Nat. Med. 2002, 8, 1011–1017. [CrossRef]

74. Tamai, K.; Yamazaki, T.; Chino, T.; Ishii, M.; Otsuru, S.; Kikuchi, Y.; Iinuma, S.; Saga, K.; Nimura, K.; Shimbo, T.; et al. PDGFRα-
positive cells in bone marrow are mobilized by high mobility group box 1 (HMGB1) to regenerate injured epithelia. Proc. Natl.
Acad. Sci. USA 2011, 108, 6609–6614. [CrossRef]

75. Kuroda, Y.; Kitada, M.; Wakao, S.; Nishikawa, K.; Tanimura, Y.; Makinoshima, H.; Goda, M.; Akashi, H.; Inutsuka, A.;
Niwa, A.; et al. Unique multipotent cells in adult human mesenchymal cell populations. Proc. Natl. Acad. Sci. USA 2010, 107,
8639–8643. [CrossRef]

76. Kano, Y.; Ishii, H.; Konno, M.; Yamasaki, M.; Miyata, H.; Nishikawa, S.; Hamabe, A.; Ogawa, H.; Takahashi, H.; Ohta, K.; et al.
Cells of origin of squamous epithelium, dysplasia and cancer in the head and neck region after bone marrow transplantation. Int.
J. Oncol. 2014, 44, 443–450. [CrossRef] [PubMed]

77. Vogelstein, B.; Kinzler, K.W. p53 function and dysfunction. Cell 1992, 70, 523–526. [CrossRef]
78. Ha, P.K.; Benoit, N.E.; Yochem, R.; Sciubba, J.; Zahurak, M.; Sidransky, D.; Pevsner, J.; Westra, W.H.; Califano, J. A transcriptional

progression model for head and neck cancer. Clin. Cancer Res. 2003, 9, 3058–3064. [PubMed]
79. De La Cour, C.D.; Sperling, C.D.; Belmonte, F.; Syrjänen, S.; Verdoodt, F.; Kjaer, S.K. Prevalence of human papillomavirus in oral

epithelial dysplasia: Systematic review and meta-analysis. Head Neck 2020, 42, 2975–2984. [CrossRef] [PubMed]
80. Yamakawa-Kakuta, Y.; Kawamata, H.; Doi, Y.; Fujimori, T.; Imai, Y. Does the expression of HPV16/18 E6/E7 in head and neck

squamous cell carcinomas relate to their clinicopathological characteristics? Int. J. Oncol. 2009, 35, 983–988. [CrossRef]
81. Tokuzen, N.; Nakashiro, K.-I.; Tojo, S.; Goda, H.; Kuribayashi, N.; Uchida, D. Human papillomavirus-16 infection and p16

expression in oral squamous cell carcinoma. Oncol. Lett. 2021, 22, 528. [CrossRef]

http://doi.org/10.1038/nm755
http://doi.org/10.1073/pnas.1016753108
http://doi.org/10.1073/pnas.0911647107
http://doi.org/10.3892/ijo.2013.2206
http://www.ncbi.nlm.nih.gov/pubmed/24317739
http://doi.org/10.1016/0092-8674(92)90421-8
http://www.ncbi.nlm.nih.gov/pubmed/12912957
http://doi.org/10.1002/hed.26330
http://www.ncbi.nlm.nih.gov/pubmed/32573035
http://doi.org/10.3892/ijo_00000412
http://doi.org/10.3892/ol.2021.12789

	Introduction 
	CSCs in OSCC 
	Cancer Stem Cells (CSCs) 
	CSCs in OSCC 

	Possible Candidates of the Origin of CSCs in OSCC 
	Oral Epithelial Stem Cells Located Close to Basal Cells of Stratified Squamous Epithelium 
	Stem Cells in Minor Salivary Gland That Can Differentiate to Salivary Gland Components, Squamous Cells, or Mesenchymal Cells 
	Bone Marrow-Derived Pluripotential Stem Cells in Peripheral Blood 

	Multistep Carcinogenesis, Fundamentally Good or Fundamentally Evil? 
	Conclusions 
	References

