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Abstract: Cancer stem cells (CSCs) play major roles in tumor initiation, progression, and resistance to
cancer therapy. Several CSC markers have been studied in head and neck squamous cell carcinomas
(HNSCC), including the pluripotency factors NANOG, SOX2, and OCT4; however, their clinical
significance is still unclear. NANOG, SOX2, and OCT4 expression was evaluated by immunochemistry
in 348 surgically-treated HNSCC, and correlated with clinicopathological parameters and patient
outcomes. mRNA expression was further analyzed in 530 The Cancer Genome Atlas (TCGA) HNSCC.
NANOG protein expression was detected in 250 (72%) cases, more frequently in patients with lymph
node metastasis (p = 0.003), and was an independent predictor of better survival in multivariate
analysis. While OCT4 expression was undetectable, SOX2 expression was observed in 105 (30%) cases,
and strongly correlated with NANOG expression. Combined expression of both proteins showed
the highest survival rates, and double-negative cases the worst survival. Strikingly, the impact
of NANOG and SOX2 on outcome varied depending on tumor site and lymph node infiltration,
specifically showing prognostic significance in pharyngeal tumors. Correlation between NANOG and
SOX2 at mRNA and protein was specifically observed in node positive (N+) patients, and consistently
correlated with better survival rates. According to our findings, NANOG protein expression is
frequent in HNSCC, thereby emerging as an independent predictor of better prognosis in pharyngeal
tumors. Moreover, this study uncovers a differential impact of NANOG and SOX2 expression on
HNSCC prognosis, depending on tumor site and lymph node infiltration, which could facilitate
high-risk patient stratification.
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1. Introduction

Head and neck cancer is the seventh most common cancer worldwide, with an incidence of
more than 890,000 new cases annually, and a mortality of 450,000 deaths each year [1]. More than
90% are head and neck squamous cell carcinomas (HNSCC), arising in the mucosal surfaces of the
upper aerodigestive tract. The main risk factors for the development of HNSCC include tobacco
smoking and excessive alcohol consumption, which show a synergistic effect [2]. Other factors,
such as genetic background, viral infection by human papillomavirus (HPV), diet, geographic, and
socioeconomic factors have also been related to HNSCC. Despite the continuous advances in treatment
options, the survival of HNSCC patients has barely improved [1,2]. One of the major reasons and
challenges for clinical management is the development of treatment resistance that ultimately leads to
disease control failure. This has been attributed to the persistence of highly resistant cancer stem cell
(CSC) subpopulations.

Many evidences indicate that tumors are complex heterogeneous structures with very distinct
cell subpopulations composing the tumor mass, including a subset of pluripotent cells known as
CSCs. These cells exhibit properties usually associated with embryonic stem cells, and it has been
demonstrated that CSCs contribute to tumorigenesis, tumor differentiation, maintenance, spread, and
recurrence [3]. Consequently, the presence of CSC subpopulations with self-renewal capacity and
multipotency properties could also have an important impact on the prognosis of HNSCC patients.

The pluripotency factors NANOG, SOX2, and OCT4 have been reported as CSC markers and
key regulators in HNSCC and other cancers [4–12]. These transcription factors are able to maintain
the self-renewal capacity in embryonic stem cells. Their combined overexpression has been used
to identify CSC populations in squamous cell carcinomas [13–15]. OCT4 plays an important role
in maintaining pluripotency and undifferentiated status in embryonic stem cells [16] and has been
associated with tumor progression and poor prognosis in HNSCC [14,17]. NANOG is a downstream
target of OCT3/4 [18], and, similarly to that factor, has been correlated with tumorigenesis, loss of
differentiation, invasion, and metastasis [14,17]. SOX2 is a transcription factor belonging to the SOX
family, essential for self-renewal in stem cells and neural progenitor cells [19]. SOX2 takes part in cancer
stemness and its expression has been associated with CD44 and ALDH1 expression and correlated
with oral squamous cell carcinoma (OSCC) metastasis [20].

Patients who suffer from HNSCC experiment with very different clinical outcomes in spite of
standardized treatments, so a better knowledge of molecular profiles and their impact on patients’
prognosis is needed. To this purpose, the present study investigates the role of pluripotency factors
NANOG, SOX2, and OCT4 in a large homogeneous cohort of 348 HNSCC patients to ascertain their
potential impact on patient prognosis and disease outcome.

2. Patients and Methods

2.1. Patients and Tissue Specimens

We retrospectively collected surgical tissue specimens from HNSCC patients who underwent
resection of their tumors at the Hospital Universitario Central de Asturias between 1990 and 2010,
in accordance with approved institutional review board guidelines. All experimental procedures
were conducted in accordance with the Declaration of Helsinki and approved by the Institutional
Ethics Committee of the Hospital Universitario Central de Asturias and by the Regional CEIC from
Principado de Asturias (date of approval 5 May 2016; approval number: 70/16) for the PI16/00280
project. The formalin-fixed, paraffin-embedded tissue samples and data from donors included in this
study were provided by the Principado de Asturias BioBank (PT17/0015/0023), integrated in the Spanish
National Biobanks Network, and they were processed following standard operating procedures with
the appropriate approval of the Ethical and Scientific Committees. A large unbiased homogenous
cohort of surgically-treated HNSCC patients was selected for study according to the following criteria:
(a) having a single primary surgically-treated tumor in the oropharynx, hypopharynx, or larynx; (b)
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confirmed microscopically clear surgical margins; (c) no treatments prior to surgery; (d) HPV-negative
tumors; (e) a minimum follow up of five years.

Information on HPV status was available for all the patients. HPV detection was performed using
p16 immunohistochemistry, high-risk HPV DNA detection by in situ hybridization, and genotyping by
GP5+/6+-PCR, as previously reported [21,22].

For mRNA analysis, surgical tissue specimens from 15 patients with HNSCC who underwent
surgical treatment at the Hospital Universitario Central de Asturias were prospectively collected,
following institutional review board guidelines. Patient-matched normal mucosa was also collected.
Biopsies were sharply excised, placed in sterile tubes, and stored in RNA later at −80 ◦C. Primary
keratinocytes from non-oncologic patients without exposure to tobacco carcinogens were used
as controls.

2.2. Tissue Microarray (TMA) Construction and Immunohistochemistry

Three morphologically representative areas (1 mm cylinders) were selected from each individual
tumor paraffin block for the construction of tissue microarrays (TMAs) as described previously [21],
containing a total of 348 HNSCC (229 oropharyngeal, 60 hypopharyngeal, and 59 laryngeal carcinomas).
In addition, each TMA included three cores of normal epithelium (tonsillar, pharyngeal, and laryngeal
mucosa obtained from non-oncologic patients) as an internal negative control.

The TMAs were cut into 3 µm sections and dried on Flex IHC microscope slides (Dako, Glostrup,
Denmark). The sections were deparaffinized with standard xylene and hydrated through graded
alcohols into water. Antigen retrieval was performed using Envision Flex Target Retrieval solution,
high pH (Dako). Staining was done at room temperature on an automatic staining workstation (Dako
Autostainer Plus, Dako, Glostrup, Denmark) using NANOG (D73G4) XP® rabbit monoclonal antibody
(Cell Signaling Technology, Inc. #4903S, Leiden, The Netherlands) at 1:200 dilution, anti-SOX2 rabbit
polyclonal antibody (Merck Millipore #AB5603) at 1:1000 dilution, and anti-OCT4 antibody (Abcam,
Cambridge, UK #ab19857) at 1:2000 dilution. Immunodetection was carried out with the Dako EnVision
Flex + Visualization System (Dako Autostainer, Dako, Glostrup, Denmark), using diaminobenzidine
as chromogen. Counterstaining with hematoxylin was the final step.

A sample of testicular seminoma (a tumor known to express OCT4, NANOG, and SOX2) was
used as positive control.

For NANOG expression, a semiquantitative scoring system based on staining intensity was
applied, as previously established [23], and divided into three categories: negative (absence of
staining, score 0), weak to moderate (some cytoplasmic staining in tumor areas, score (1)), and
strong protein expression (intense and homogeneous cytoplasmic staining in tumor areas, score (2)),
with an interobserver concordance higher than 95%. For statistical purposes, NANOG staining was
dichotomized as negative (score 0) versus positive (scores 1–2). SOX2 and OCT4 staining was evaluated
as the percentage of tumor cells with nuclear staining. SOX2 staining scores were classified as negative
or positive expression on the basis of values below or above the cut-off value of 10%.

2.3. RNA Extraction and Real-Time RT-PCR

Total RNA was extracted from fresh-frozen tissue samples and normal keratinocytes using
TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA, USA), and cDNA was synthesized with
the Superscript II RT-PCR System (Invitrogen Life Technologies, Carlsbad, CA, USA), according to
manufacturer’s protocols.

Gene expression was analyzed by real-time PCR using SYBR Green Master Mix protocol (Applied
Biosystems, Foster City, CA, USA) in a StepOnePlus Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA). Reactions were run in triplicates using the specific primers detailed in Table S2,
and the ribosomal coding gene RPL19 was used as endogenous control. Relative mRNA expression
was calculated using the 2−∆∆CT method and the data were expressed as the fold change in NANOG1
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or SOX2 levels in the tumor sample (or matched normal epithelium) normalized to L19 levels and
relative to the primary keratinocytes used as controls.

2.4. Statistical Analysis

χ2 and Fisher’s exact tests were used for comparison between categorical variables. For
time-to-event analysis, Kaplan–Meier curves were plotted. Differences between survival times
were analyzed by the log-rank method. Cox proportional hazards models were utilized for univariate
and multivariate analyses. The hazard ratios (HR) with 95% confidence interval (CI) and p values were
reported. All tests were two-sided. p values of ≤0.05 were considered statistically significant.

3. Results

3.1. Patient Characteristics

Three hundred forty-eight HNSCC patients were enrolled in this study, following the
above-described inclusion criteria. Only 12 patients were women, and the mean age was 59 years
(range 36 to 86 years). Most patients were habitual tobacco smokers, 196 moderate (1–50 pack-years)
and 147 heavy (>50 pack-years); 321 patients were alcohol drinkers. The distribution by location was
229 oropharyngeal, 60 hypopharyngeal, and 59 laryngeal tumors. The tumors were classified according
to the TNM classification system (7th edition, International Union Against Cancer): 17 tumors were
classified as stage I, 21 stage II, 59 stage III, and 251 stage IV. The series included 135 well-, 139
moderately and 73 poorly differentiated tumors, determined according to the degree of differentiation
of the tumor (Broder’s classification). Two hundred sixteen (62%) of 348 patients received postoperative
radiotherapy. The main clinicopathological features by site are shown in Table S1.

3.2. NANOG, SOX2, and OCT4 Protein Expression in HNSCC Tissue Specimens

Strong nuclear staining was detected in human seminoma, which was used as a positive control
for these three proteins (Figure 1A–C). Two hundred fifty (72%) out of 348 tumors exhibited positive
NANOG expression (scores 1–2) (Figure 1D–L), showing a predominantly cytoplasmic pattern, but
also some nuclear staining, whereas NANOG expression was negligible in both normal epithelium
and stromal cells. In addition, positive nuclear SOX2 expression in >10% of tumor cells was detected
in 105 (30%) tumor samples (Figure 1M–R). None of the tumor samples showed OCT4 expression.
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Figure 1. Immunohistochemical analysis of NANOG, SOX2, and OCT4 expression in head and neck 
squamous cell carcinoma (HNSCC). (A–C) Positive controls of human seminoma samples for 
NANOG (A), SOX2 (B), and OCT4 (C) expression. Representative examples of HNSCC showing 
negative NANOG staining, score 0 (D 100×, E 200×, F 400×); cytoplasmic NANOG staining, score 1 (G 
100×, H 200×, I 400×); and cytoplasmic NANOG staining, score 2 (J 100×, K 200×, L 400×). HNSCC 
samples showing negative nuclear SOX2 staining (M 100×, N 200×, O 400×), and positive nuclear SOX2 
staining (P 100× Q 200×, R 400×). 

3.3. Associations with Clinicopathological Parameters 

The relationships between NANOG and SOX2 expression and the clinicopathological 
parameters are shown in Table 1. Positive NANOG expression was significantly associated with node 

Figure 1. Immunohistochemical analysis of NANOG, SOX2, and OCT4 expression in head and neck
squamous cell carcinoma (HNSCC). (A–C) Positive controls of human seminoma samples for NANOG
(A), SOX2 (B), and OCT4 (C) expression. Representative examples of HNSCC showing negative
NANOG staining, score 0 (D 100×, E 200×, F 400×); cytoplasmic NANOG staining, score 1 (G 100×, H
200×, I 400×); and cytoplasmic NANOG staining, score 2 (J 100×, K 200×, L 400×). HNSCC samples
showing negative nuclear SOX2 staining (M 100×, N 200×, O 400×), and positive nuclear SOX2 staining
(P 100× Q 200×, R 400×).
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There was a strong positive correlation between NANOG and SOX2 expression: 96 (91%) of the
105 SOX2-positive cases showed positive NANOG expression (Spearman coefficient 0.286, p < 0.001).

3.3. Associations with Clinicopathological Parameters

The relationships between NANOG and SOX2 expression and the clinicopathological parameters
are shown in Table 1. Positive NANOG expression was significantly associated with node positive
(N+) tumors (p = 0.003) and hypopharyngeal tumors (p = 0.019), and was also more frequent in poorly
differentiated (p = 0.084) and advanced stage (p = 0.204) tumors. In contrast, positive SOX2 expression
was significantly more frequent in laryngeal tumors (p = 0.002). No other significant associations
between SOX2 expression and clinical characteristics were observed.

Table 1. Correlations between NANOG and SOX2 expression and clinicopathological characteristics.

Characteristic No. NANOG-Positive
Expression (%) p Value SOX2-Positive

Expression (%) p Value

pT classification

T1–T2 106 80 (75)

0.350

36 (34)

0.163T3 116 78 (67) 39 (34)

T4 125 92 (74) 30 (24)

pN classification

N0 94 56 (60)
0.003

29 (31)
0.896

N1–3 254 194 (76) 76 (30)

Disease stage

I–II 38 25 (66)

0.204

12 (32)

0.754III 59 38 (64) 20 (34)

IV 251 187 (75) 73 (29)

Pathological grade

Well-differentiated 135 88 (65)
0.084

40 (30)

0.740Moderately differentiated 139 104 (75) 45 (32)

Poorly differentiated 73 57 (78) 20 (27)

Site

Oropharynx 229 157 (69)

0.019

56 (24)

0.002Hypopharynx 60 52 (87) 21 (35)

Larynx 59 41 (69) 28 (47)

Total cases 348 250 (72) 105 (30)

3.4. Impact on Patient Prognosis

Patients harboring positive NANOG expression exhibited significantly higher disease-specific
survival (DSS) and overall survival (OS) rates (log-rank, p = 0.055 and p = 0.012, respectively;
Figure 2A,B). Similarly, patients with positive SOX2 expression also showed higher DSS and OS rates;
however, these differences did not reach statistical significance (Figure 2C,D).
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Figure 2. Kaplan–Meier overall and disease-specific survival curves in the whole series categorized by
NANOG (A,B) and SOX2 expression (C,D).

On multivariate analysis, the variables with significant influence on DSS were T and N classification,
histopathological grade, and NANOG expression (Table 2).

Table 2. Multivariate survival analysis (Cox regression).

Variables HR 95% CI p

T (3–4/1–2) 1.153 1.033–1.288 0.011

N (+/−) 2.619 1.756–3.906 0.000

G (3/1–2) 1.494 1.071–2.085 0.018

Location
(pharynx/larynx) 0.695 0.448–1.077 0.103

NANOG (+/−) 0.783 0.662–0.927 0.004

SOX2 (+/−) 0.961 0.685–1.349 0.820

Given the relationship between NANOG and SOX2 expression and function, the impact of
NANOG and SOX2 on patient prognosis was studied separately, as was the combination of both factors
(Figure S1). Patients with NANOG and/or SOX2 expression had better survival rates than patients
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harboring double-negative expression (five-year DSS 41% vs. 26%; log-rank, p = 0.019). Among
the subset of patients with SOX2-negative expression, those harboring NANOG-positive expression
showed better overall survival rates (five-year OS 31% vs. 17%; log-rank, p = 0.011). On the other hand,
patients with NANOG-negative expression did not show differences in survival rates based on SOX2
immunostaining (five-year OS 44% vs. 17%; log-rank, p = 0.266), not surprisingly, considering that
only nine NANOG-negative patients had positive SOX2 expression (Figure S1).

We also found important differences in the prognostic significance of NANOG and SOX2
expression, depending on the tumor site. Table 3 summarizes the mean DSS and OS for patients
categorized by individual and combined expression of NANOG and SOX2 in the total cohort of 348
HNSCC patients, or the subgroups of oropharyngeal tumors (n = 229), hypopharyngeal tumors (n = 60),
and laryngeal tumors (n = 59). While either NANOG expression or double-positive expression of
NANOG and SOX2 were significantly correlated with improved survival rates in patients harboring
pharyngeal tumors, none of these factors showed any impact on the clinical outcome of patients with
laryngeal tumors.

Table 3. Correlation between NANOG and SOX2 expression, and 5-year survival rates.

Patients
NANOG-
Positive

Expression

NANOG-
Negative

Expression
p

SOX2-
Positive

Expression

SOX2-
Negative

Expression
p

Double-
Positive

Expression

Double-
Negative

Expression
p

Whole tumor series

DSS 40% 29% 0.055 42% 35% 0.101 40% 26% 0.019

OS 28% 20% 0.012 26% 26% 0.221 24% 17% 0.015

Oropharyngeal tumors

DSS 43% 22% 0.013 43% 35% 0.312 40% 18% 0.031

OS 29% 16% 0.011 28% 24% 0.319 25% 13% 0.027

Hypopharyngeal tumors

DSS 26% 14% 0.126 20% 26% 0.420 20% 14% 0.095

OS 21% 13% 0.049 14% 23% 0.696 14% 13% 0.106

Laryngeal tumors

DSS 52% 58% 0.580 57% 50% 0.681 57% 59% 0.734

OS 36% 38% 0.951 34% 38% 0.885 32% 36% 0.887

Noteworthy, the prognostic significance of NANOG expression was influenced by the presence
of cervical lymph node metastasis (Figure 3). In N+ patients, NANOG expression was significantly
correlated with a better disease-specific survival (five-year DSS was 32% in NANOG-positive vs. 11%
in NANOG-negative cases; log-rank, p = 0.002), and also a better overall survival (log-rank, p = 0.005).
In marked contrast, in the N0 subgroup of patients, NANOG expression was not associated with DSS
(log-rank, p = 0.304) nor OS (log-rank, p = 0.239). Moreover, the association between NANOG and
SOX2 expression was also dependent on pN classification. Thus, a strong correlation was specifically
observed in N+ patients (Spearman coefficient 0.308, p < 0.001), but not in N0 patients (Spearman
coefficient 0.029, p = 0.831).The impact of SOX2 expression on patient prognosis also varied with pN
classification, although the differences in DSS and OS did not reach statistical significance (Figure S2).
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3.5. In Silico Analysis of NANOG and SOX2 mRNA Expression Using The Cancer Genome Atlas Data

In an attempt to further confirm and validate our findings, the clinical relevance of NANOG and
SOX2 mRNA expression was investigated by analyzing a cohort of 530 HNSCC patients from The
Cancer Genome Atlas (TCGA) [24] using the platform cBioPortal (http://cbioportal.org/) [25]. Correlations
with pN classification were assessed in a subset of 424 HNSCC patients with available data on lymph
node stage. Patients were categorized by NANOG and SOX2 mRNA expression (high expression
versus low expression) according to the pN classification. First, the correlation between NANOG
and SOX2 mRNA expression was assessed separately in N0 (n = 177) and N+ patients (n = 246)
(Figure S3). Concordantly with our protein data, a strong correlation between the mRNA levels of
NANOG and SOX2 was specifically observed in N+ patients from the TCGA HNSCC cohort (Spearman
coefficient 0.21, p = 0.001), but not in the N0 patients (Spearman coefficient 0.12, p = 0.104). Furthermore,
NANOG and SOX2 mRNA expression differentially influenced patient prognosis depending on pN
classification. Thus, high mRNA levels of NANOG and SOX2 were found to significantly associate

http://cbioportal.org/
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with improved survival rates in N+ patients (log-rank, p = 0.032 and p = 0.036, respectively) (Figure S4),
and more strongly observed in N2+ patients (log-rank, p = 0.009 and p = 0.004, respectively) (Figure S5).
By contrast, in the N0 subgroup, patients with high NANOG mRNA levels experienced a worse,
although not significant, survival than those with low NANOG expression (median OS 57.47 months
vs. 89.32 months; log-rank, p = 0.139), whereas SOX2 mRNA levels had no major impact on outcome
(median OS 88.86 months vs. 84.49 months; log-rank, p = 0.523) (Figure S4).

As an extension of these data, NANOG and SOX2 mRNA expression was also analyzed by real-time
RT-PCR in a prospective series of 15 fresh-frozen HNSCC tissue specimens and patient-matched normal
epithelia. NANOG and SOX2 levels were found to frequently and significantly increase in the tumors
compared to patient-matched normal epithelia and primary keratinocytes (used as non-oncologic
control without exposure to tobacco carcinogens) (Figure S6). Thus, NANOG mRNA levels in the
tumors ranged between 0.23- and 65.59-fold (mean 12.08), whereas in the corresponding normal
counterparts they ranged between 0.20- and 27.84-fold (mean 4.35) (p = 0.06; Student’s t-test). SOX2
mRNA levels were also higher in the tumors ranging between 61.87- and 636.4-fold (mean 276.6),
whereas the matched normal epithelia ranged between 0.86- and 399.9-fold (mean 78.05) (p = 0.005;
Student’s t-test). Interestingly, histologically normal mucosa from various patients (33.3%, 5/15 cases)
also exhibited increased expression of NANOG and SOX2, showing comparable mRNA levels in both
the tumor sample and the patient-matched normal tissue. These molecular alterations could be related
to the cancerization field due to exposure of the entire epithelial mucosa to tobacco carcinogens.

4. Discussion

The role of CSCs in head and neck tumors has been widely investigated during the last years.
Several CSC markers have been described in HNSCC, such as CD44, BMI-1, CD133, ALDH1, also
including the pluripotency factors NANOG, OCT4, and SOX2 [6,7,26]. However, the roles of OCT4,
NANOG, and SOX2 in HNSCC prognosis is still unclear, as varying results have been reported by
several groups. This prompted us to jointly investigate the significance of NANOG, SOX2, and OCT4
expression in a large unbiased cohort of HNSCC patients, and their possible influence on the clinical
outcome. To this purpose, a large homogeneous series of 348 surgically-treated HPV-negative HNSCC
patients was selected for study.

We have recently demonstrated that expression of NANOG and SOX2 plays a relevant role in early
stages of laryngeal tumorigenesis. The expression of both proteins was found to increase in patients
with precancerous lesions and, more importantly, strongly predicted the risk of progression to invasive
carcinoma [23,27]. In addition, both factors have been involved in the epithelial to mesenchymal
transition. NANOG expression has been inversely correlated with E-cadherin expression and positively
with high N-cadherin expression. High SOX2 expression has also been related with high expression of
N-cadherin, but not E-cadherin expression [28]. Altogether, these results encourage us to investigate
the role of NANOG and SOX2 expression in late stages of HNSCC progression and disease outcome.

Through a cooperative interaction, SOX2 and OCT4 drive pluripotent-specific expression of
different genes. OCT4 and SOX2 form a heterodimer and bind to NANOG promoter in embryonic
stem cells, which is crucial for NANOG gene transcription. In relation to this, a strong positive
correlation between SOX2 and NANOG expression was found at both mRNA and protein levels using
two large independent cohorts of HNSCC patients. Nevertheless, even though mRNA expression
levels were similar (35% high NANOG and 43% high SOX2), positive NANOG protein expression
was, however, detected at a much higher frequency (70%) than SOX2 expression (30%). In fact,
156 patients with positive NANOG expression concomitantly showed negative SOX2 expression in
our cohort. Mechanistically, this finding reflects the partial contribution of SOX2 as a regulator of
NANOG protein expression in HNSCC, and points to additional post-transcriptional mechanisms as
further responsible for the high percentage of NANOG-positive cases observed. Similarly, differences
in expression regulation and prognostic significance between NANOG and SOX2 have also been
revealed in lung tumors, thus reinforcing its complexity and heterogeneity. In lung adenocarcinomas,
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expression of SOX2 but not NANOG was detected in approximately 50% of stage I tumors [29], whereas
another study reported NANOG expression without SOX2 [30], hence suggesting a SOX2-independent
regulatory mechanism of NANOG expression in these tumors. In lung squamous cell carcinoma, a
good correlation between NANOG and SOX2 expression was observed; however, there was no clear
correlation with survival outcome [30]. Contrasting to this, NANOG has been associated with good
prognosis [31], and SOX2 was found to be an independent factor of good prognosis [32]. Notably, the
mRNA expression levels of both NANOG and SOX2 were found to be downregulated in subpopulations
of cancer stem cells isolated from lung cancer tissue specimens [33].

On the other hand, the analysis of NANOG and SOX2 mRNA expression in a prospective series of
HNSCC samples and patient-matched normal epithelia further revealed that NANOG and SOX2 levels
were consistently found to increase in tumors compared to the matched normal mucosa. However,
strikingly, a subset of HNSCC patients (33.3%) harbored high expression of NANOG and SOX2 in
histologically normal mucosa with comparable levels to the matched tumor. This finding reflects
the early occurrence of altered NANOG and SOX2 expression in head and neck carcinogenesis, also
frequently detected in precancerous lesions [23,27,34], plausibly triggered by continuous exposure
of the epithelial mucosa to tobacco-related carcinogens. In line with this, it has been demonstrated
that nicotine plays a critical role in the development of tobacco-induced cancers by increasing the
expression of various CSC markers NANOG, OCT4, CD44, and BMI-1 and regulating CSC properties
and tumorigenic potential in HNSCC models in vitro and in vivo [35]. It has also been recently
reported that NANOG expression significantly correlates with smoking and alcohol drinking habits
in OSCC patients [34]. Similarly, nicotine and e-cigarette extracts have been found to regulate SOX2
expression and stemness through a nicotinic acetylcholine receptor (nAChR)-YAP1-E2F1 signaling
axis [36]. Together, these data uncover a relationship between stemness by means of important CSC
regulators, such as NANOG and SOX2, and classical chemical carcinogens in HNSCC and other
tobacco-related cancers.

NANOG has been found overexpressed in different cancer types, including OSCC [4] and laryngeal
squamous cell carcinoma (LSCC) [23]. Functionally, NANOG overexpression has been implicated
in tumor transformation, tumorigenicity, metastasis, and is also correlated with poor differentiation
status and chemoresistance [37]. Moreover, NANOG expression has also been associated with a
better or worse prognosis in different cancers, including OSCC [34,38]. In a meta-analysis about the
prognostic significance of NANOG that included nine studies on HNSCC, NANOG expression was
associated with lower survival rates [39]. Contrasting with this, NANOG expression was associated
with a better prognosis in our cohort and was an independent predictor in multivariate analysis. Our
study also uncovered striking differences in the prognostic impact of NANOG expression, depending
on the tumor site and lymph node infiltration. Thus, NANOG expression, and to a lesser extent
SOX2, specifically predicted good prognosis in patients with pharyngeal but not laryngeal tumors.
In addition, the impact of NANOG expression was greater in patients with lymph node metastasis
than in node-negative patients, as was consistently demonstrated at both mRNA and protein levels
using two large independent HNSCC cohorts. Therefore, since the clinical relevance of NANOG
expression is influenced by some clinicopathological characteristics, differences in tumor localization
and N classification of the patients included could explain the discrepancies between reported studies.

SOX2 expression has also been implicated in different biological processes that regulate tumor
progression, such as cell proliferation, migration, invasion, tumorigenesis, antiapoptosis, and
chemoresistance [40,41]. Despite multiple studies published so far exploring the role of SOX2
in cancer, its impact on disease outcome remains controversial. High expression of SOX2 has been
associated with a poor prognosis in some studies [8,9,42]. However, other groups have reported that
high expression of SOX2 is associated with absence of lymph node metastasis and a better prognosis
in patients with OSCC [43], and also with improved clinical outcome in HNSCC patients treated
with chemoradiotherapy [44]. Similarly, Chung et al. and Bochen et al. found a positive association
between high SOX2 expression and HNSCC patient prognosis [45,46]. In our series, SOX2 expression
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was associated with a better DSS, although not significant. A possible pleiotropic function of SOX2 in
squamous cell carcinomas from other locations has been suggested, based on differential interactions
with other important factors that could cooperatively contribute to the development and progression
of these tumors [47]. The binding to different cofactors and enhancement or repression of other factors
could result in opposed clinical outcomes, thereby explaining the apparently contradictory results.

Given the strong relationship between NANOG and SOX2 expression and function, as a further
step, we analyzed the combined effect of NANOG and SOX2 expression as an integrated risk factor. We
observed that patients with positive expression of both proteins exhibited the best prognosis, while the
subgroup of double-negative patients clearly showed the worst prognosis. The integrated risk score
could be assessed from preoperative biopsies and serve as an additional prognostic parameter. Together
with other clinical parameters such as resection margins and extracapsular extension, it could help to
improve patient stratification and the identification of high-risk subgroups for treatment intensification.

OCT4 has also been related to various oncogenic processes [5], such as tumor transformation,
tumorigenicity, invasion, and metastasis in OSCC [15]. OCT4 expression has been widely used to
identify CSC subpopulations in several carcinomas, in conjunction with other CSC markers [20,48,49].
High expression of OCT4 and NANOG has been associated with a lower OS in HNSCC patients [50].
Other publications have found a worse prognosis in patients with high expression of both NANOG
and OCT4 than those with high expression of NANOG or OCT4 alone [4]. However, OCT4 expression
was not detected in any of the HNSCC samples in our cohort despite the fact that strong positive
nuclear staining was indeed observed in a seminoma sample used as a positive control. These varying
findings could be the result of different antibodies employed for immunostaining, targeting different
epitopes or different specificity for OCT4 protein isoforms. OCT4A is responsible for the pluripotency
properties of embryonic stem cells, but OCT4B cannot sustain these properties [51]. Different properties
and/or OCT4 isoforms could be the main cause of confusion and controversies on the role of OCT4
in the different cancer types. Noteworthy, the same OCT4 antibody herein used has been proven to
successfully detect OCT4 expression in sarcoma samples by immunohistochemistry, and although
OCT4 expression was strongly correlated with SOX2 expression, unlike the former, the latter was the
most prevalent, and was the only one found to be clinically relevant in these tumors [52].

5. Conclusions

Our results show that NANOG protein expression is frequent in HNSCC and emerges as an
independent predictor of better clinical outcome, specifically in pharyngeal but not laryngeal tumors.
SOX2 expression, although less frequent, was strongly correlated with NANOG expression. Combined
expression of both proteins had a stronger prognostic significance, probably suggesting a cooperative
functional role between both proteins. Striking differences were uncovered regarding the clinical impact
of NANOG and SOX2 expression on patient outcome, with distinct prognostic relevance depending on
tumor site and lymph node infiltration. These novel findings could facilitate patient management and
high-risk stratification, and also provide a plausible explanation to reconcile contradictory published
data about the prognostic significance of these factors.
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subgroups N0, N+, and N2+, Figure S3: Correlation between NANOG and SOX2 mRNA expression in a cohort of
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9. Kokalj Vokač, N.; Čizmarević, B.; Zagorac, A.; Zagradišnik, B.; Lanišnik, B. An evaluation of SOX2 and
hTERC gene amplifications as screening markers in oral and oropharyngeal squamous cell carcinomas. Mol.
Cytogenet. 2014, 7, 5. [CrossRef]

10. González-Márquez, R.; Llorente, J.L.; Rodrigo, J.P.; García-Pedrero, J.M.; Álvarez-Marcos, C.; Suárez, C.;
Hermsen, M.A. SOX2 expression in hypopharyngeal, laryngeal, and sinonasal squamous cell carcinoma.
Hum. Pathol. 2014, 45, 851–857. [CrossRef]

11. Baillie, R.; Tan, S.T.; Itinteang, T. Cancer Stem Cells in Oral Cavity Squamous Cell Carcinoma: A Review.
Front. Oncol. 2017, 7, 112. [CrossRef] [PubMed]

12. Curtarelli, R.B.; Gonçalves, J.M.; dos Santos, L.G.P.; Savi, M.G.; Nör, J.E.; Mezzomo, L.A.M.; Rodríguez
Cordeiro, M.M. Expression of Cancer Stem Cell Biomarkers in Human Head and Neck Carcinomas: A
Systematic Review. Stem Cell Rev. Rep. 2018, 14, 769–784. [CrossRef] [PubMed]

13. Li, X.; Wang, J.; Xu, Z.; Ahmad, A.; Li, E.; Wang, Y.; Qin, S.; Wang, Q. Expression of Sox2 and Oct4 and Their
Clinical Significance in Human Non-Small-Cell Lung Cancer. Int. J. Mol. Sci. 2012, 13, 7663–7675. [CrossRef]
[PubMed]

http://dx.doi.org/10.1056/NEJMra1715715
http://www.ncbi.nlm.nih.gov/pubmed/31893516
http://dx.doi.org/10.1007/s10552-007-9026-4
http://www.ncbi.nlm.nih.gov/pubmed/17647085
http://dx.doi.org/10.1158/0008-5472.CAN-06-3126
http://www.ncbi.nlm.nih.gov/pubmed/16990346
http://dx.doi.org/10.1158/1078-0432.CCR-07-4404
http://dx.doi.org/10.1155/2013/319489
http://dx.doi.org/10.7314/APJCP.2013.14.10.5579
http://dx.doi.org/10.7314/APJCP.2014.15.20.8549
http://dx.doi.org/10.1093/carcin/bgu094
http://dx.doi.org/10.1186/1755-8166-7-5
http://dx.doi.org/10.1016/j.humpath.2013.12.004
http://dx.doi.org/10.3389/fonc.2017.00112
http://www.ncbi.nlm.nih.gov/pubmed/28626726
http://dx.doi.org/10.1007/s12015-018-9839-4
http://www.ncbi.nlm.nih.gov/pubmed/30076557
http://dx.doi.org/10.3390/ijms13067663
http://www.ncbi.nlm.nih.gov/pubmed/22837720


Cancers 2020, 12, 1794 14 of 16

14. Habu, N.; Imanishi, Y.; Kameyama, K.; Shimoda, M.; Tokumaru, Y.; Sakamoto, K.; Fujii, R.; Shigetomi, S.;
Otsuka, K.; Sato, Y.; et al. Expression of Oct3/4 and Nanog in the head and neck squamous carcinoma cells
and its clinical implications for delayed neck metastasis in stage I/II oral tongue squamous cell carcinoma.
BMC Cancer 2015, 15, 730. [CrossRef]

15. Fu, T.-Y.; Hsieh, I.-C.; Cheng, J.-T.; Tsai, M.-H.; Hou, Y.-Y.; Lee, J.-H.; Liou, H.-H.; Huang, S.-F.; Chen, H.-C.;
Yen, L.-M.; et al. Association of OCT4, SOX2, and NANOG expression with oral squamous cell carcinoma
progression. J. Oral Pathol. Med. 2016, 45, 89–95. [CrossRef]

16. Kashyap, V.; Rezende, N.C.; Scotland, K.B.; Shaffer, S.M.; Persson, J.L.; Gudas, L.J.; Mongan, N.P. Regulation
of stem cell pluripotency and differentiation involves a mutual regulatory circuit of the NANOG, OCT4, and
SOX2 pluripotency transcription factors with polycomb repressive complexes and stem cell microRNAs.
Stem Cells Dev. 2009, 18, 1093–1108. [CrossRef]

17. Destro Rodrigues, M.F.S.; Sedassari, B.T.; Esteves, C.M.; de Andrade, N.P.; Altemani, A.; De Sousa, S.C.O.M.;
Nunes, F.D. Embryonic stem cells markers Oct4 and Nanog correlate with perineural invasion in human
salivary gland mucoepidermoid carcinoma. J. Oral Pathol. Med. 2017, 46, 112–120. [CrossRef]

18. Chambers, I.; Colby, D.; Robertson, M.; Nichols, J.; Lee, S.; Tweedie, S.; Smith, A. Functional expression
cloning of Nanog, a pluripotency sustaining factor in embryonic stem cells. Cell 2003, 113, 643–655. [CrossRef]

19. Adachi, K.; Suemori, H.; Yasuda, S.-Y.; Nakatsuji, N.; Kawase, E. Role of SOX2 in maintaining pluripotency
of human embryonic stem cells. Genes Cells Devoted Mol. Cell. Mech. 2010, 15, 455–470. [CrossRef]

20. Huang, C.-F.; Xu, X.-R.; Wu, T.-F.; Sun, Z.-J.; Zhang, W.-F. Correlation of ALDH1, CD44, OCT4 and SOX2 in
tongue squamous cell carcinoma and their association with disease progression and prognosis. J. Oral Pathol.
Med. 2014, 43, 492–498. [CrossRef]

21. Rodrigo, J.P.; Heideman, D.A.M.; García-Pedrero, J.M.; Fresno, M.F.; Brakenhoff, R.H.; Díaz Molina, J.P.;
Snijders, P.J.F.; Hermsen, M.A. Time trends in the prevalence of HPV in oropharyngeal squamous cell
carcinomas in northern Spain (1990–2009): HPV Incidence in Oropharynx Cancer. Int. J. Cancer 2014, 134,
487–492. [CrossRef] [PubMed]

22. Rodrigo, J.P.; Hermsen, M.A.; Fresno, M.F.; Brakenhoff, R.H.; García-Velasco, F.; Snijders, P.J.F.;
Heideman, D.A.M.; García-Pedrero, J.M. Prevalence of human papillomavirus in laryngeal and
hypopharyngeal squamous cell carcinomas in northern Spain. Cancer Epidemiol. 2015, 39, 37–41. [CrossRef]

23. Rodrigo, J.P.; Villaronga, M.Á.; Menéndez, S.T.; Hermida-Prado, F.; Quer, M.; Vilaseca, I.; Allonca, E.;
Mallo, D.P.; Astudillo, A.; García-Pedrero, J.M. A Novel Role For Nanog As An Early Cancer Risk Marker In
Patients With Laryngeal Precancerous Lesions. Sci. Rep. 2017, 7, 1–7. [CrossRef] [PubMed]

24. Cancer Genome Atlas Network. Comprehensive genomic characterization of head and neck squamous cell
carcinomas. Nature 2015, 517, 576–582. [CrossRef] [PubMed]

25. Cerami, E.; Gao, J.; Dogrusoz, U.; Gross, B.E.; Sumer, S.O.; Aksoy, B.A.; Jacobsen, A.; Byrne, C.J.; Heuer, M.L.;
Larsson, E.; et al. The cBio cancer genomics portal: An open platform for exploring multidimensional cancer
genomics data. Cancer Discov. 2012, 2, 401–404. [CrossRef] [PubMed]

26. Qian, X.; Ma, C.; Nie, X.; Lu, J.; Lenarz, M.; Kaufmann, A.M.; Albers, A.E. Biology and immunology of cancer
stem(-like) cells in head and neck cancer. Crit. Rev. Oncol. Hematol. 2015, 95, 337–345. [CrossRef]

27. Granda-Díaz, R.; Menéndez, S.T.; Pedregal Mallo, D.; Hermida-Prado, F.; Rodríguez, R.; Suárez-Fernández, L.;
Vallina, A.; Sánchez-Canteli, M.; Rodríguez, A.; Fernández-García, M.S.; et al. The Novel Role of SOX2 as
an Early Predictor of Cancer Risk in Patients with Laryngeal Precancerous Lesions. Cancers 2019, 11, 286.
[CrossRef]

28. Luo, W.; Li, S.; Peng, B.; Ye, Y.; Deng, X.; Yao, K. Embryonic Stem Cells Markers SOX2, OCT4 and Nanog
Expression and Their Correlations with Epithelial-Mesenchymal Transition in Nasopharyngeal Carcinoma.
PLoS ONE 2013, 8, e56324. [CrossRef]

29. Sholl, L.M.; Barletta, J.A.; Yeap, B.Y.; Chirieac, L.R.; Hornick, J.L. Sox2 protein expression is an independent
poor prognostic indicator in stage I lung adenocarcinoma. Am. J. Surg. Pathol. 2010, 34, 1193–1198. [CrossRef]

30. Park, E.; Park, S.Y.; Sun, P.L.; Jin, Y.; Kim, J.E.; Jheon, S.; Kim, K.; Lee, C.T.; Kim, H.; Chung, J.H. Prognostic
significance of stem cell-related marker expression and its correlation with histologic subtypes in lung
adenocarcinoma. Oncotarget 2016, 7, 42502–42512. [CrossRef]

31. Koh, Y.W.; Han, J.H.; Haam, S.; Jung, J. ALDH1 expression correlates with an epithelial-like phenotype
and favorable prognosis in lung adenocarcinoma: A study based on immunohistochemistry and mRNA
expression data. J. Cancer Res. Clin. Oncol. 2019, 145, 1427–1436. [CrossRef] [PubMed]

http://dx.doi.org/10.1186/s12885-015-1732-9
http://dx.doi.org/10.1111/jop.12335
http://dx.doi.org/10.1089/scd.2009.0113
http://dx.doi.org/10.1111/jop.12449
http://dx.doi.org/10.1016/S0092-8674(03)00392-1
http://dx.doi.org/10.1111/j.1365-2443.2010.01400.x
http://dx.doi.org/10.1111/jop.12159
http://dx.doi.org/10.1002/ijc.28355
http://www.ncbi.nlm.nih.gov/pubmed/23824638
http://dx.doi.org/10.1016/j.canep.2014.11.003
http://dx.doi.org/10.1038/s41598-017-11709-9
http://www.ncbi.nlm.nih.gov/pubmed/28894270
http://dx.doi.org/10.1038/nature14129
http://www.ncbi.nlm.nih.gov/pubmed/25631445
http://dx.doi.org/10.1158/2159-8290.CD-12-0095
http://www.ncbi.nlm.nih.gov/pubmed/22588877
http://dx.doi.org/10.1016/j.critrevonc.2015.03.009
http://dx.doi.org/10.3390/cancers11030286
http://dx.doi.org/10.1371/journal.pone.0056324
http://dx.doi.org/10.1097/PAS.0b013e3181e5e024
http://dx.doi.org/10.18632/oncotarget.9894
http://dx.doi.org/10.1007/s00432-019-02906-2
http://www.ncbi.nlm.nih.gov/pubmed/30923946


Cancers 2020, 12, 1794 15 of 16

32. Ying, J.; Shi, C.; Li, C.S.; Hu, L.P.; Zhang, W.D. Expression and significance of SOX2 in non-small cell lung
carcinoma. Oncol. Lett. 2016, 12, 3195–3198. [CrossRef] [PubMed]

33. Masciale, V.; Grisendi, G.; Banchelli, F.; D’Amico, R.; Maiorana, A.; Sighinolfi, P.; Stefani, A.; Morandi, U.;
Dominici, M.; Aramini, B. Isolation and Identification of Cancer Stem-Like Cells in Adenocarcinoma and
Squamous Cell Carcinoma of the Lung: A Pilot Study. Front. Oncol. 2019, 9, 1394. [CrossRef] [PubMed]

34. De Vicente, J.C.; Rodríguez-Santamarta, T.; Rodrigo, J.P.; Allonca, E.; Vallina, A.; Singhania, A.; Donate-Pérez
del Molino, P.; García-Pedrero, J.M. The Emerging Role of NANOG as an Early Cancer Risk Biomarker in
Patients with Oral Potentially Malignant Disorders. J. Clin. Med. 2019, 8, 1376. [CrossRef]

35. Yu, M.A.; Kiang, A.; Wang-Rodriguez, J.; Rahimy, E.; Haas, M.; Yu, V.; Ellies, L.G.; Chen, J.; Fan, J.B.;
Brumund, K.T.; et al. Nicotine promotes acquisition of stem cell and epithelial-to-mesenchymal properties in
head and neck squamous cell carcinoma. PLoS ONE 2012, 7, e51967. [CrossRef]

36. Schaal, C.M.; Bora-Singhal, N.; Kumar, D.M.; Chellappan, S.P. Regulation of Sox2 and stemness by nicotine
and electronic-cigarettes in non-small cell lung cancer. Mol. Cancer 2018, 17, 149. [CrossRef]

37. Tsai, L.-L.; Yu, C.-C.; Chang, Y.-C.; Yu, C.-H.; Chou, M.-Y. Markedly increased Oct4 and Nanog expression
correlates with cisplatin resistance in oral squamous cell carcinoma: Stemness markers and chemo-resistance.
J. Oral Pathol. Med. 2011, 40, 621–628. [CrossRef]

38. Lee, H.-J.; Kang, Y.-H.; Lee, J.-S.; Byun, J.-H.; Kim, U.-K.; Jang, S.-J.; Rho, G.-J.; Park, B.-W. Positive expression
of NANOG, mutant p53, and CD44 is directly associated with clinicopathological features and poor prognosis
of oral squamous cell carcinoma. BMC Oral Health 2015, 15, 153. [CrossRef]

39. Zhao, L.; Liu, J.; Chen, S.; Fang, C.; Zhang, X.; Luo, Z. Prognostic significance of NANOG expression in solid
tumors: A meta-analysis. OncoTargets Ther. 2018, 11, 5515–5526. [CrossRef]

40. Liu, K.; Lin, B.; Zhao, M.; Yang, X.; Chen, M.; Gao, A.; Liu, F.; Que, J.; Lan, X. The multiple roles for Sox2 in
stem cell maintenance and tumorigenesis. Cell. Signal. 2013, 25, 1264–1271. [CrossRef]

41. Chou, M.-Y.; Hu, F.-W.; Yu, C.-H.; Yu, C.-C. Sox2 expression involvement in the oncogenicity and
radiochemoresistance of oral cancer stem cells. Oral Oncol. 2015, 51, 31–39. [CrossRef]

42. Du, L.; Yang, Y.; Xiao, X.; Wang, C.; Zhang, X.; Wang, L.; Zhang, X.; Li, W.; Zheng, G.; Wang, S.; et al. Sox2
nuclear expression is closely associated with poor prognosis in patients with histologically node-negative
oral tongue squamous cell carcinoma. Oral Oncol. 2011, 47, 709–713. [CrossRef] [PubMed]

43. Züllig, L.; Roessle, M.; Weber, C.; Graf, N.; Haerle, S.K.; Jochum, W.; Stoeckli, S.J.; Moch, H.; Huber, G.F. High
sex determining region Y-box 2 expression is a negative predictor of occult lymph node metastasis in early
squamous cell carcinomas of the oral cavity. Eur. J. Cancer 2013, 49, 1915–1922. [CrossRef] [PubMed]

44. Baumeister, P.; Hollmann, A.; Kitz, J.; Afthonidou, A.; Simon, F.; Shakhtour, J.; Mack, B.; Kranz, G.; Libl, D.;
Leu, M.; et al. High Expression of EpCAM and Sox2 is a Positive Prognosticator of Clinical Outcome for
Head and Neck Carcinoma. Sci. Rep. 2018, 8, 14582. [CrossRef] [PubMed]

45. Chung, J.H.; Jung, H.R.; Jung, A.R.; Lee, Y.C.; Kong, M.; Lee, J.-S.; Eun, Y.-G. SOX2 activation predicts
prognosis in patients with head and neck squamous cell carcinoma. Sci. Rep. 2018, 8, 1677. [CrossRef]
[PubMed]

46. Bochen, F.; Adisurya, H.; Wemmert, S.; Lerner, C.; Greiner, M.; Zimmermann, R.; Hasenfus, A.; Wagner, M.;
Smola, S.; Pfuhl, T.; et al. Effect of 3q oncogenes SEC62 and SOX2 on lymphatic metastasis and clinical
outcome of head and neck squamous cell carcinomas. Oncotarget 2017, 8. [CrossRef] [PubMed]

47. Hussenet, T.; Du Manoir, S. SOX2 in squamous cell carcinoma: Amplifying a pleiotropic oncogene along
carcinogenesis. Cell Cycle 2010, 9, 1480–1486. [CrossRef]

48. Chen, Y.-C.; Chang, C.-J.; Hsu, H.-S.; Chen, Y.-W.; Tai, L.-K.; Tseng, L.-M.; Chiou, G.-Y.; Chang, S.-C.; Kao, S.-Y.;
Chiou, S.-H.; et al. Inhibition of tumorigenicity and enhancement of radiochemosensitivity in head and neck
squamous cell cancer-derived ALDH1-positive cells by knockdown of Bmi-1. Oral Oncol. 2010, 46, 158–165.
[CrossRef]

49. Zhang, P.; Zhang, Y.; Mao, L.; Zhang, Z.; Chen, W. Side population in oral squamous cell carcinoma possesses
tumor stem cell phenotypes. Cancer Lett. 2009, 277, 227–234. [CrossRef]

50. Fan, Z.; Li, M.; Chen, X.; Wang, J.; Liang, X.; Wang, H.; Wang, Z.; Cheng, B.; Xia, J. Prognostic Value of Cancer
Stem Cell Markers in Head and Neck Squamous Cell Carcinoma: A Meta-analysis. Sci. Rep. 2017, 7, 43008.
[CrossRef]

http://dx.doi.org/10.3892/ol.2016.5065
http://www.ncbi.nlm.nih.gov/pubmed/27899982
http://dx.doi.org/10.3389/fonc.2019.01394
http://www.ncbi.nlm.nih.gov/pubmed/31921651
http://dx.doi.org/10.3390/jcm8091376
http://dx.doi.org/10.1371/journal.pone.0051967
http://dx.doi.org/10.1186/s12943-018-0901-2
http://dx.doi.org/10.1111/j.1600-0714.2011.01015.x
http://dx.doi.org/10.1186/s12903-015-0120-9
http://dx.doi.org/10.2147/OTT.S169593
http://dx.doi.org/10.1016/j.cellsig.2013.02.013
http://dx.doi.org/10.1016/j.oraloncology.2014.10.002
http://dx.doi.org/10.1016/j.oraloncology.2011.05.017
http://www.ncbi.nlm.nih.gov/pubmed/21689966
http://dx.doi.org/10.1016/j.ejca.2013.01.005
http://www.ncbi.nlm.nih.gov/pubmed/23414798
http://dx.doi.org/10.1038/s41598-018-32178-8
http://www.ncbi.nlm.nih.gov/pubmed/30275505
http://dx.doi.org/10.1038/s41598-018-20086-w
http://www.ncbi.nlm.nih.gov/pubmed/29374236
http://dx.doi.org/10.18632/oncotarget.13986
http://www.ncbi.nlm.nih.gov/pubmed/28002801
http://dx.doi.org/10.4161/cc.9.8.11203
http://dx.doi.org/10.1016/j.oraloncology.2009.11.007
http://dx.doi.org/10.1016/j.canlet.2008.12.015
http://dx.doi.org/10.1038/srep43008


Cancers 2020, 12, 1794 16 of 16

51. Wang, X.; Dai, J. Isoforms of OCT4 Contribute to the Confusing Diversity in Stem Cell Biology. Stem Cells
2010, 28, 885–893. [CrossRef] [PubMed]

52. Menendez, S.T.; Rey, V.; Martinez-Cruzado, L.; Gonzalez, M.V.; Morales-Molina, A.; Santos, L.; Blanco, V.;
Alvarez, C.; Estupiñan, O.; Allonca, E.; et al. SOX2 Expression and Transcriptional Activity Identifies a
Subpopulation of Cancer Stem Cells in Sarcoma with Prognostic Implications. Cancers 2020, 12. [CrossRef]
[PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1002/stem.419
http://www.ncbi.nlm.nih.gov/pubmed/20333750
http://dx.doi.org/10.3390/cancers12040964
http://www.ncbi.nlm.nih.gov/pubmed/32295077
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Patients and Methods 
	Patients and Tissue Specimens 
	Tissue Microarray (TMA) Construction and Immunohistochemistry 
	RNA Extraction and Real-Time RT-PCR 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	NANOG, SOX2, and OCT4 Protein Expression in HNSCC Tissue Specimens 
	Associations with Clinicopathological Parameters 
	Impact on Patient Prognosis 
	In Silico Analysis of NANOG and SOX2 mRNA Expression Using The Cancer Genome Atlas Data 

	Discussion 
	Conclusions 
	References

