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Abstract. Long-term survival in cases of head and neck 
squamous cell carcinoma, particularly oral squamous cell 
carcinoma (OSCC), remains a rare achievement in the field of 
clinical oncology. In recent years, the theory of cancer stem 
cells (CSCs) has emerged and been used to offer explanations 
for tumour recurrence and metastasis. The present aim was 
to investigate the role of aldehyde dehydrogenase 1 (ALDH1) 
as a CSC-marker for OSCC and to determine the role of 
p16ink4a, which is also a surrogate marker of human papilloma 
virus (HPV), in the expression of ALDH1. The study cohort 
comprised of 186 surgically-treated cases of OSCC. The 
primaries were located in the oral cavity. The expression of 
the CSC marker (CSCM) ALDH1 was evaluated via immu-
nohistochemistry (IHC) of a tissue microarray. HPV detection 
was performed by polymerase chain reaction and an HPV 
Array kit. Furthermore, the IHC expression of p16ink4a was 
also analysed. Risk regression models as the Kruskal Wallis 
test was used to assess the association of CSCM and p16ink4a 
expression with tumour size and lymph node metastasis, and 
cox proportional hazards were analysed. Additionally, coex-
pression of the markers ALDH1 and p16ink4a was analysed 
with regard to associations with tumour classification. Overall, 
high expression of ALDH1 in lymph nodes was significantly 
associated with Union for International Cancer Control 
(UICC) stage IV (P=0.044) and T4 stage cancer (P=0.03). 
p16ink4a positivity, in cases of HPV negativity, was associated 
with worse survival rate compared with that of the total cohort 
(P=0.048). Collectively the data indicate that ALDH1 expres-
sion may be suitable for detection of unfavourable prognosis in 
OSCC patients, based in part on its apparent role as a marker 
of metastasis. HPV status was not statistically predictive of 

patient outcome or CSCM expression; however, p16ink4a 
remains a potential marker in HNSCC Further in vitro studies 
with ALDH1 and p16ink4a should be performed to evaluate the 
expression of ALDH1 and HPV in cell culture and to clarify 
the role of ALDH1 as a marker for increased invasiveness of 
OSCC cells.

Introduction

Head and neck cancer (HNC) is the seventh most common 
malignancy worldwide in men and also the thirteenth most 
common in women (1). HNC may be subdivided into oral, 
oropharyngeal, laryngeal and skin cancers (2). Squamous 
cell carcinoma of the head and neck (HNSCC) is the most 
common histopathological diagnosis within these subgroups. 
Alcohol and tobacco consumption are risk factors for carci-
nogenesis (3). Sun light exposure also has an impact on the 
development of skin cancer in the head and neck area (4). In the 
last decade, human papilloma virus (HPV) has also emerged 
as an aetiological factor in the development of HNSCC (5).

Oral squamous cell carcinoma (OSCC) has the second 
worst prognosis after laryngeal squamous cell carcinoma 
among HNCs; laryngeal squamous cell carcinoma has a 
progression-free 5 year survival <50%, while the progres-
sion-free 5 year survival of OSCC is <70% (6). Extended 
tumour growth and lymph node metastasis are frequently 
detected at primary diagnosis (7). Surgical treatment options 
to reconstruct the complex anatomy of the head and neck are 
available. Adequate functional recovery may be achieved 
with use of reconstructive microvascular flaps combined 
with sufficient maintenance of health following surgery (8). 
Nevertheless, recurrence and metastasis generally occurs in 
25% of patients following operative treatment with curative 
intention (9). Treatment possibilities in cases of recurrence or 
metastasis are limited and no marked improvement of survival 
probability has been achieved with these treatment options 
to date (10); existing protocols including radiochemotherapy 
with cisplatin, or in cases of epidermal growth factor receptor 
(EGFR) expression (11), use of EGFR antibodies, have not 
provided the required therapeutic progress (12). Therefore, 
advanced treatment strategies should be developed. The 
molecular interactions of cancer cells are complex and various 
pathways are involved. This complexity has been described 
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by Hanahan and Weinberg as constituting the hallmarks of 
cancer (13). Cells within a tumour are heterogenous and have 
different capacities, and various cell reactions to existing 
therapies may occur; in particular, the capability to invade the 
surrounding tissue and gain increased metabolism are among 
the most important functions (14). An important achievement 
has been the detection of cancer stem cells (CSCs). These 
cells are considered to be a central element of cancer devel-
opment, first described in 1997 (15,16). They have typical 
stem cell characteristics including self-renewal and differen-
tiation potential and may be responsible for malignant cancer 
characteristics including resistance to therapy, metastasis 
and recurrence (17). It has been reported only when CSCs 
amount to 10% of cells in a tumour mass that they negatively 
influence the prognosis of patients (17). An aim of oncology 
research is to analyse CSCs and their characteristics, first 
for individual risk stratification, and furthermore to develop 
targeted therapies. Aldehyde dehydrogenase 1 (ALDH1) is 
an enzyme located in the cytoplasma and mitochondria. It 
has been identified in various cancers including glioblastoma 
and breast cancer, in which it was determined as a predictive 
marker of worse prognosis (18,19). High expression of ALDH1 
was preferential to cells with CSC characteristics (20) and 
ALDH1 was detected as a CSC marker (CSCM) in HNSCC 
cell lines (21). Previous study demonstrated a correlation 
between ALDH1 and oropharyngeal cancers (OPSCCs) and 
indicated a malignant influence of this CSCM expression on 
prognosis (22). However to date, to the best of our knowledge, 
no large-scale comparable studies on OSCC and the expression 
of ALDH1 have been performed. An aim of the current study 
was to evaluate ALDH1 expression in HPV+ and – OSCC. The 
expression of p16ink4a, a surrogate marker for HPV detection, 
and one of the proteins encoded by the cell cycle interacting 
protein cyclin-dependent kinase inhibitor 2A (CDKN2A) 
gene (23), was a further molecular topic of the present study. 
DNA methylation, for example associated with smoking, may 
lead to mutation of the CDKN2A gene and thus p16ink4a. This 
tumour suppressor is established to be mutated in HNSCC 
and breast and colon cancers (24-26). Recently, interactions of 
p16ink4a have been established to serve functions in regulating 
CSC and reversing the senescence of CSC during therapy (27). 
Furthermore, the overexpression of p16ink4a is considered to 
have negative prognostic influence and promote tumour recur-
rence and poor survival (28). The current study aim was to 
evaluate the expression of ALDH1 and p16ink4a in OSCC via 
immunohistochemistry (IHC) and to crosslink expression 
profiles with clinicopathological data of patients.

Materials and methods

Participants. The present study involved 186 patients with 
OSCC. Surgical treatment was performed in the Department 
of Oral and Maxillofacial Surgery, Klinikum rechts der Isar, 
Technical University of Munich (Munich, Germany) between 
January 2009 and December 2012. The surgical treatment 
included tumour resection, neck dissection with intraoperative 
margin control and freezing of sections, and primary recon-
struction with microvascular flaps. All patients were considered 
pre- and post-operation at the interdisciplinary conference of 
head and neck cancer of the university hospital (Klinikum 

rechts der Isar). The clinical data of all patients was archived, 
and formalin‑fixed and paraffin‑embedded tissue was avail-
able for all patients. Follow-up examinations were provided to 
all enrolled patients according to the German S3 guidelines 
for oral cancer (29). These guidelines recommend that oral 
cancer patients should be followed up every three months 
within the first 2 years after primary diagnosis, and then every 
6 months in years 3 and 4 of follow-up thereafter. Computer 
tomographical scans of the head and neck were provided at 
all second follow-ups. According to the guidelines, the cancer 
aftercare follow-up aimed to be completed after 5 years of 
the initial diagnosis. All tumour operations had the inten-
tion of curative treatment and included a neck dissection. As 
intraoperative controls, an intraoperative margin control and 
frozen sections were also obtained in each tumour operation. 
As previously described (30), adjuvant cisplatin-based chemo-
radiation was performed in cases of lymph node metastasis, 
extracapsular spread, tumour infiltration of the bone, tumours 
of extended size (T2-T4) and positive microscopic resection 
margins (R1) according to the S3 German guidelines for oral 
cancer. Patients were excluded from the study if no curative 
surgical treatment was performed and the primary treatment 
was radiochemotherapy. The methods were approved by the 
Ethical Committee of the Technical University of Munich 
(approval no. 212108) and in accordance with the Declaration 
of Helsinki and all patients agreed in writing to the use of their 
samples for the present research purposes.

Tissue microarray construction (TMA). The centre and inva-
sive front of tumours of all study participants were included 
in the TMA (30,31). The tissues were formalin-fixed and 
paraffin‑embedded in blocks (30,31). Two pathologists anal-
ysed the areas to be represented in the TMA. Two tumour 
cores from the tumour centre and the invasion front and the 
corresponding lymph nodes were assembled into the TMA by 
using a Tissue Microarrayer (Beecher Instruments, Inc., Sun 
Prairie, WI, USA) as described previously (31).

IHC. p16ink4a was stained on the 2-µm-thick sections from 
each TMA slide using a p16ink4a antibody (cat. no. 725-4713; 
Ventana Medical Systems, Inc.; Roche, Tucson, AZ, USA) 
as described previously (30). ALDH1 was also stained on 
2-µm-thick sections from each TMA using an ALDH1 
primary antibody (cat. no. 611194; BD Biosciences, San 
Jose, CA, USA) at a dilution of 1:500. The staining was 
performed according to the manufacturer's recommendations 
and as described in the literature (19). Negative and posi-
tive controls were stained for both antibodies. For p16ink4a 
staining, sections of HPV-negative cervix carcinomas were 
used as the negative control and HPV-positive cervix carci-
noma sections as the positive control. For ALDH1 staining, 
ALDH1-positive glioblastoma sections were the positive 
control and urothel carcinoma sections the negative control for 
this antibody (30,31). The use of control samples followed the 
approved protocol of the institutional ethics committee and all 
patients from which control samples were isolated provided 
informed written consent.

Scoring of ALDH1 and p16ink4a. The staining was evaluated 
under a light microscope at a magnification of x200. An inter-
national scoring system was used as described previously (32), 
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which incorporated the intensity of the staining as well as the 
number of stained cells. The staining intensity and cell number 
were individually scored between 0 and 4. The intensity score 
was scored as follows: No staining was scored as 0, weak 
staining as 1, intermediate to weak staining as 2, intermediate 
staining as 3 and strong staining as 4. Positive cell propor-
tion was assigned as 0 if <10%, 1 if 10-25%, 2 if 25-50%, 3 if 
50-75% and 4 if >75%, as previously described (31). For each 
section, the staining intensity and cell proportion scores were 
then multiplied as described (31). As a result, the subgroup 
scores 0, 2, 4, 12 and 16 represented ALDH1 staining. 
Furthermore, based on the staining results, final scores for a 
positivity cut-off was established for ALDH1. The subgroup 
scores 12 and 16 were taken to indicate positivity; while the 
subgroups 0, 2 and 4 were considered to indicate negativity for 
ALDH1. For p16ink4a, the subgroup scores for positivity were 
12 and 16 and for negativity was 0.

HPV detection. HPV detection was performed on DNA 
purified from the formalin‑fixed, paraffin‑embedded (FFPE) 
tumour tissue (Qiamp DNA FFPE tissue kit; Qiagen GmbH, 
Hilden, Germany) by polymerase chain reaction, and an HPV 

Array kit (HPV 3.5; Zytomed Systems, Berlin, Germany) was 
used to clarify the HPV subtype, as described previously by 
our research group (30).

Statistics. SPSS software for Windows, version 23.0 (IBM 
Corp., Armonk, NY, USA) was used for statistical analysis. 
The Mann-Whitney U test and χ2 test were used to analyse 
the data. Survival rates were evaluated by the Kaplan-Meier 
method and presented as the mean ± standard deviation and 
confidence interval (CI). To test for the significance of differ-
ences in survival probabilities the log-rank test was used. Risk 
regression models as the Kruskal Wallis test was used to assess 
the association of CSCM and p16ink4a expression with tumour 
size and lymph node metastasis. The Cox proportional hazards 
model was used to analyse multivariate survival rates. P<0.05 
was considered to indicate statistical significance.

Results

Clinical data. Baseline clinical characteristics of the 186 
enrolled patients with a diagnosis of OSCC are listed in 
Table I. Follow-up data revealed the mean survival time of 
the cohort to be 44.54±86.81 months (95% CI: 32.06-57.02). 
Survival rate was significantly influenced in cases of lymph 
node recurrence (P=0.020). This occurred in 18 patients of 
the total cohort. In these cases, survival time decreased to 
36.31±21.39 months (95% CI: 26.43-46.19). Another notable 
significant effect on survival rate was observed with regard 
to local recurrence (p=0.027), which affected 25 patients, 
with survival time decreased to 28.49±23.97 months (95% 
CI:19.09-37.89). At primary diagnosis, the following aspects 
had significant influence on overall survival rate; patients 
with Union for International Cancer Control (UICC) stage III 
cancer had significantly reduced survival time compared with 
the cases of stages I and II cancer (P=0.003), as did patients 
with UICC stage IV cancer (P=0.001); patients with N2 stage 
cancer had significantly reduced survival time compared 
with cases of N0 stage cancer (P=0.001); and stage 4 grading 
had significant negative influence on survival compared with 
stage 1-3 grading (P=0.001) (data not shown).

Association of ALDH1 expression with survival rate. No 
difference was observed between the different tumour areas 
regarding positivity for ALDH1 (Fig. 1). Low ALDH1 expres-
sion was determined in 24 patients and high expression in 
162 patients. Overall survival rates did not differ significantly 
between the ALDH1-positive cases (44.90±91.40 months; 95% 
CI: 30.71-58.93) and the ALDH1-negative cases (41.81±37.83; 
95% CI: 26.01-56.83; P=0.78). High expression of ALDH1 
in tumour‑infiltrated lymph nodes (ALDH1LN) exhibited an 
association with more advanced clinicopathological stages 
compared with low expression of ALDH1: High expression of 
ALDH1LN was significantly associated with UICC stage IV 
(P=0.044) and T4 stage cancer (P=0.03). High expression of 
ALDH1 in the tumour centre and invasive front did not exhibit 
a significant association (data not shown).

Association of p16ink4a with survival rate. p16ink4a posi-
tivity was detected in 8 cases. The mean survival rate of 
p16ink4a-positive patients was 32.38±11.94 months (95% CI: 

Table I. Baseline clinicopathological characteristics of the 
OSCC patients (n=186).

Clinical parameter  Patients

Median age, years (range) 58.68 (41.02-85.82)
Gender
  Male/female 142/44
UICC stage
  I 38
  II 39
  III 29
  IVa 80
Tumour size
  T1 48
  T2 78
  T3 31
  T4a 29
N stage (lymph node metastasis)
  N0 73
  N1 38
  N2a/b/c 9/37/29
Extracapsular spread 10
Grading
  G1 10
  G2 135
  G3 33
  G4 8

Values are expressed as number of patients (n) unless otherwise 
stated. UICC staging (36) was used as indicated. UICC, Union for 
International Cancer Control.
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24.11‑40.65); no significant difference was determined between 
the p16ink4a-positive and -negative groups (P=0.12). A total of 
5 patients of the cohort tested positive for p16ink4a and HPV 
subtype 16 (for whom mean survival rate was 37.00±11.35 
months; 95% CI: 27.05‑46.95); no significant difference was 
determined between the p16ink4a and HPV 16-positive and 
-negative groups P=0.13). A total of 3 patients tested positive 
for p16ink4a and negative for HPV (for whom mean survival rate 
was 24.67±12.92 months; 95% CI: 10.05-39.29); these patients 
exhibited significantly decreased survival time compared with 
the mean survival rate of the total cohort (P=0.048). A total 
of 178 patients were negative for p16ink4a and HPV and had 
a mean survival time of 51.16±41.23 months (CI: 45.12-57.20; 
compared with the total cohort, P=0.35) (data not shown).

Association of ALDH1 and p16ink4a/HPV with survival rate. 
A total of 5 of the p16ink4a-positive cases that also tested 
HPV-positive exhibited positive ALDH1 expression. This 
group had a mean survival time of 34.85±9.29 months (95% 
CI: 25.56-44.14). The remaining p16ink4a-positive cases with 
negative ALDH 1 expression (n=3) had a mean survival of 
28.26±12.90 months (95% CI:13.66-42.86). No significant 
difference was identified between the survival times of these 
groups (P=0.57), or in comparison to the survival times of 
the whole cohort and the p16ink4a-positive/ALDH1-positive 
subgroup (P=0.25) or the whole cohort and the p16ink4a posi-
tive/ALDH1 negative subgroup (P=0.15). A total of 2 of the 
HPV-positive patients were ALDH1-negative [mean survival 
rate, 32.59±13.85 months; 95% CI:13.34-51.84), while 3 exhibited 
positivity for ALDH1 (mean survival rate, 39.94±8.02 months; 
95% CI:30.86‑49.02); no influence was observed on survival 
rates between these latter groups (P=0.69). Additionally, no 
influence was observed on the survival rates between these latter 
subgroups and the total cohort (P=0.54 for ALDH1-negative 
and HPV-positive patients; P=0.60 for ALDH1-positive and 
HPV-positive patients). Lymph node recurrence and local 
recurrence occurred in one ALDH1-positive, p16ink4a-positive 

and HPV-negative case (survival rate, 17.92 months). Isolated 
local recurrence was diagnosed in one ALDH1-positive, 
p16ink4a-positive and HPV-positive case (survival rate, 30.57 
months) (data not shown).

Discussion

CSCs are a major research topic in the field of oncology. 
These cells may serve as crucial elements in the growth 
of a tumour mass by providing self-renewal capacity and 
temporary limited senescence during therapy, recurrence 
and metastasis (33). With regard to these aspects, patient 
survival rate may be associated with the expression of 
CSCMs. Previous literature has reported worse survival 
rates in cases presenting with high expression of CSCMs, 
independent of cancer localisation (34). Furthermore, the 
molecular characteristics of the tumour are considered to 
have crucial impact on survival (35). The TNM/UICC stage 
is not always a predictable of outcome at initial diagnosis, 
since TNM/UICC classification is only based on probabilities 
and does not take into account cellular features (36). The first 
step is thus to identify CSCs and subsequently to study the 
mechanisms that CSCs employ in order to overcome treat-
ment, to supply chemoresistance and to support aggressive 
tumour behaviour (37;38). Various molecular pathways have 
been studied in CSC subpopulations. Certain markers on the 
cell surface have been indicated to be important for migration 
and epithelial-mesenchymal-transition (EMT) (39). Cluster of 
differentiation (CD)133 and CD44 have been revealed to be 
active CSC targets in the process of EMT and have also been 
identified to be present in HNSCC (40). A further specific 
CSC molecule is ALDH1 (41), which has demonstrated 
enriched expression in CSCs of various cancers, and serves 
a role as an aldehyde-catalysing cytosolic enzyme (42,43). 
ALDH1-positive CSCs have previously exhibited tumorigenic 
capacity in HNSCC, which is an important aspect in EMT 
and linked to metastasis (44). In OPSCC, an association has 

Figure 1. ALDH1 and p16 ink4a IHC results. Representative samples scored for positive or negative expression are shown. (A) ALDH1-positive score 12; (B) 
ALDH1-positive score 9; (C) p16 ink4a-positive score; (D) ALDH1-negative score ; (E) ALDH1-negative score 2; (F) p16 ink4a-negative score. ALDH1, aldehyde 
dehydrogenase 1; IHC, immunohistochemistry.
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also been detected between the expression of ALDH1 and 
lymph node metastasis (22). In the ALDH1-positive group in 
the present study, increased lymph node metastasis was iden-
tified, as well as an association with advanced tumour stage 
compared with the ALDH1-negative group. This highlights 
the potential aggressiveness of ALDH1 expression in cancer, 
as suggested previously in the literature (45), and supports the 
significant association of ALDH1 with lymph node metastasis 
as reported previously (46). Furthermore, advanced T stages 
have been reported in ALDH1-positive OSCC cases (47). In 
particular, an increased number of nodal metastases may be 
an important indication that CSCs frequently undergo EMT. A 
negative survival outcome is often discussed in the literature 
as being associated with enriched ALDH1 cases (48,49). The 
current study included a limited number of ALDH1-negative 
cases among the total population, but these exhibited worse 
survival time than the ALDH1-positive group. However, 
a significant influence on survival rate in OSCC was not 
determined from the current results. The lack of a negative 
survival influence conferred by ALDH1 positivity has also 
been reported in other studies (50,51). However, with regard 
to the current study, the lack of a negative survival influence 
may be attributable to the small number of ALDH1-negative 
cases and thus to the two groups of ALDH1-positive and 
-negative cases being comparable only to a minor degree. The 
scoring of the staining, summarized as positive and negative 
expression of ALDH1 in the present study, was comparable 
with that of other studies (49,52). The use of antibody 
staining for ALDH1 offered clear cut-off values of positivity. 
Additionally, clear results were also obtained following the 
staining of p16ink4a. The role of p16ink4a expression in cancer 
is controversial. It has been argued that reduced expression of 
p16ink4a, which is considered largely as a tumour suppressor, 
leads to worse survival (53); However, the role of over- or 
underexpression of p16ink4a appears to be dependent on 
cancer subtype (54). Some authors have described enhanced 
cell migration ability in cases of p16ink4a overexpression (55). 
This may increase the potential for lymph node metastasis. 
The current identified relatively few cases of p16ink4a-positive 
OSCC. These cases had significant worse survival in the case 
of HPV negativity, although no specific clinicopathological 
features were observed regarding lymph node metastasis and 
advanced tumour stage. Due to the small number of positive 
cases for p16ink4a, the following conclusions can only be 
considered as preliminary. Nevertheless, p16ink4a interacts 
in the cell cycle and it may therefore be suggested that this 
protein is of importance in OSCC. No association between 
the expression of ALDH1 and p16ink4a was identified in the 
present study, indicating the absence of interactions between 
these two markers. Similar to our previous study (30), the 
current investigation has indicated that HPV has no influ-
ence on survival or cancer stage in OSCC; furthermore, the 
expression of p16ink4a has no apparent association with HPV 
positivity in OSCC.

In conclusion, to the best of our knowledge, the present 
study is the first to evaluate ALDH1 expression in a large 
cohort of OSCC patients, and the interaction of p16ink4a and 
HPV status. The results demonstrate that ALDH1 may serve 
as a predictive marker for advanced tumour stages, and that it 
may lead to a tendency for lymph node metastasis in OSCC. 

This may be of notable clinical interest since there remains to 
be no accurate method of predicting lymph node metastasis 
from radiological findings throughout the clinical disease 
course. It was further confirmed that HPV status does not have 
a significant influence on survival rate in OSCC, as previously 
noted by our group. The expression of p16ink4a was revealed to 
be associated with worse survival and to serve as a potential 
predictive marker of survival. As p16ink4a exhibits distinct 
interactions in the cell cycle, further studies on this protein 
should be performed to assess the various phases of the cell 
cycle in OSCC. While the current study has some limitations, 
it may be considered as a successful preliminary study in 
providing a basis for future studies into the underlying mecha-
nisms involved. Future studies should focus on the evaluation 
of colony formation among various OSCC cell lines, particu-
larly in the context of the tumour invasive front, to determine 
the involvement of EMT factors. Detection of ALDH1 at the 
genomic level may be also important for understanding the 
role of ALDH1 as a CSCM. The present study nevertheless has 
identified encouraging preliminary results with regard to the 
value of ALDH1 as a predictive CSCM for advanced tumour 
stages in OSCC. The overexpression of p16ink4a in OSCC is a 
promising future topic for ongoing studies involving evalua-
tion of migratory potential.
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