
Abstract. Background/Aim: Head and neck squamous cell
carcinoma (HNSCC) presents high morbidity, an overall
poor prognosis and survival, and a compromised quality of
life of the survivors. Early tumor detection, prediction of its
behavior and prognosis as well as the development of novel
therapeutic strategies are urgently needed for a more
successful HNSCC management. Materials and Methods: In
this study, a proteomics analysis of HNSCC tumor and non-
tumor samples was performed and a model to predict the
risk of recurrence and metastasis development was built.
Results: This predictive model presented good accuracy
(>80%) and comprises as variables the tumor staging along
with DHB12, HMGB3 and COBA1 proteins. Differences at
the intensity levels of these proteins were correlated with the
development of metastasis and recurrence as well as with
patient’s survival. Conclusion: The translation of proteomic
predictive models to routine clinical practice may contribute
to a more precise and individualized clinical management of
the HNSCC patients, reducing recurrences and improving
patients’ quality of life. The capability of generalization of

this proteomic model to predict the recurrence and
metastases development should be evaluated and validated
in other HNSCC populations.

Head and neck squamous cell carcinomas (HNSCCs)
represent a clinical and molecular heterogeneous group of
tumors that frequently arise in the oral cavity, oropharynx,
hypopharynx, and larynx (1, 2). The oral cavity, the tongue
and the floor of the mouth are the most common locations
of these tumors, which account for almost one-third of all
oral cavity cancers (3). HNSCC tumors are frequently
detected in advanced stage, being common the development
of tumor recurrence and metastasis in these patients, which
are responsible for poor prognosis and poor quality of life
(4-6). HNSCC patients present a recurrence rate of about
50% during the first 2 years after the diagnosis of the
primary tumor (7). These recurrences could be local, regional
or at a distant site and encompass high rates of mortality (8).
Although treatment strategies have evolved, since 1970 there
have been relatively few improvements in the 5-year survival
of these patients (9, 10).

Nowadays, there is an urgent need for innovative
technologies and specific biomarkers to predict tumor
aggressiveness, the potential for metastasis and response to
treatment (11, 12). These new biomarkers could
revolutionize clinical practice through the combination of
clinical cancer diagnosis, screening based on proteomic
analysis and histopathology (13). Proteomics represent a
promising approach for identifying proteins that could help
understand the underlying molecular mechanisms and
signaling pathways of HNSCC. Several efforts have been
made to use proteomics as a reliable approach to guide
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treatment (13, 14). In this study, that aimed to establish a
proteomic signature between patients without relapses or
metastases and those that develop metastases or relapses, a
quantitative proteomics-based approach was used to
visualize major changes in protein expression in these two
group of samples. Moreover, a predictive model for the
early detection of metastasis and recurrence was developed
based on some of these proteins. 

Materials and Methods
Study population. The study protocol was approved by the
Committee on Ethics in Research of the Faculty of Medicine of the
University of Coimbra. All patients provided their written consent
to participate in the study after being informed about the research
purposes, following the regulations in the Declaration of Helsinki.

The analyzed cohort contains tumor tissue specimens from 40
HNSCC patients who underwent tumor resection. Tissue adjacent to
the tumor was also collected from 32 of these patients. They were
recruited between January 2011 and October 2016 from the
Maxillofacial Surgery and Stomatology Units, of the Coimbra Hospital
and University Centre, CHUC, EPE, Portugal. Diagnosis and staging
were performed in accordance with the American Joint Committee on
Cancer’s TNM (tumor-node-metastasis) staging system. The follow-
up periods ranged from 19 to 84 months. The detailed characterization
of the cohort in the study is represented in Table I. Tissue samples
were preserved in RNAlater and stored at –20˚C until use.

Proteomics sample preparation. RNAlater preserved tumor and
non-tumor (adjacent to the tumor) samples were homogenized
according to (15) aided by 2 steps of ultrasonication (10 min, 60%
intensity, 01 s cycles; Ultrasonic processor 750W) interspersed with
a 10 min incubation step at 95˚C under agitation (Eppendorf,
Madrid, Spain) in the presence of glass beads (to promote the
protein extraction). Samples were centrifuged to remove insoluble
material and the supernatants were collected to new tubes. Samples
were quantified using the 2-D Quant kit and 80 μg of total protein
was used for quantitative analysis using SWATH-MS (16).
Additionally, the tumor samples were pooled according to tumor
location, tumor stage and the presence of metastasis (in a total of
10 pools); and the respective non-tumor samples were pooled
according to the presence of metastasis (in a total of 3 pools) (17).
These pools were used for protein identification. After
denaturation, the samples were alkylated with acrylamide and
subjected to gel digestion by using the short-GeLC approach (18).
Prior to mass spectrometric analysis, the formed peptides were
subjected to SPE using OMIX tips with C18 stationary phase
(Agilent Technologies) as recommended by the manufacturer (17).
Before protein digestion, the samples were spiked with the same
amount of recombinant green fluorescent protein (MBP-GFP) to
monitor samples loss during the procedure (19).

SWATH-MS analysis. Samples were analyzed on a TripleTOF™
5600 System (AB Sciex®, Madrid, Spain) using information-
dependent acquisition (IDA) of pooled samples for protein
identification and SWATH-MS acquisition of each individual
sample for protein quantification as presented in (18). Peptides were
resolved by liquid chromatography (nanoLC Ultra 2D, Eksigent®,
Madrid, Spain) on a MicroLC column ChromXP™ C18CL (300 μm

ID × 15 cm length, 3 μm particles, 120 Å pore size, Eksigent®) at
5 μL/min with a multistep gradient: 0-2 min linear gradient from 2
to 5%, 2-45 min linear gradient from 5% to 30% and, 45-46 min to
35 % of acetonitrile in 0.1% FA and 5% DMSO. Peptides were
eluted into the mass spectrometer using an electrospray ionization
source (DuoSpray™ Source, AB Sciex®, Madrid, Spain) with a 50
μm internal diameter (ID) stainless steel emitter (NewObjective,
Woburn, MA, USA).

For IDA experiments, the mass spectrometer was set to scan full
spectra (m/z 350-1250) for 250 ms, followed by up to 100 MS/MS
scans (m/z 100-1500 from a dynamic accumulation time – minimum
30 ms for precursor above the intensity threshold of 1000 – in order
to maintain a cycle time of 3.3 s). Candidate ions with a charge state
between +2 and +5 and counts above a minimum threshold of 10
counts per second were isolated for fragmentation and one MS/MS
spectrum was collected before adding those ions to the exclusion
list for 25 s (mass spectrometer operated by Analyst® TF 1.7,
ABSciex®). The rolling collision was used with a collision energy
spread of 5. 

For the SWATH-MS-based experiments, the mass spectrometer
was operated in a looped product ion mode (20) and the same
chromatographic conditions used as in the IDA run described above.
A set of 60 windows of variable width (containing an m/z of 1 for
the window overlap) was constructed covering the precursor mass
range of m/z 350-1250. A 250 ms survey scan (m/z 350-1250) was
acquired at the beginning of each cycle for instrument calibration
and SWATH-MS/MS spectra were collected from m/z 100-1500 for
50 ms resulting in a cycle time of 3.25 s from the precursors ranging
from m/z 350 to 1250. The collision energy (CE) applied to each
m/z window was determined considering the appropriate CE for a
+2 ion centered upon this window and the collision energy spread
(CES) was also adapted to each m/z window (Table II). 

A specific library of precursor masses and fragment ions was
created by combining all files from the IDA experiments, and used
for subsequent SWATH processing. Peptide identification and
library generation were performed with ProteinPilot™ software
(v5.1, AB Sciex®), using the following parameters: i) search against
a database composed by Homo Sapiens from SwissProt (released
June 2017) and the sequence of the recombinant protein MBP-GFP
ii) acrylamide alkylated cysteines as fixed modification; iii) trypsin
as digestion type. An independent False Discovery Rate (FDR)
analysis, using the target-decoy approach provided by
ProteinPilot™, was used to assess the quality of the identifications
and confident identifications were considered when identified
proteins reached a 5% local FDR (21, 22).

Data processing was performed using SWATH™ processing
plug-in for PeakView™ (v2.0.01, AB Sciex®). After retention time
adjustment using the MBP-GFP peptides, up to 20 peptides, with up
to 5 fragments each, were chosen per protein, and quantitation was
attempted for all proteins in library file that were identified from
ProteinPilot™ searches. Peptides’ confidence threshold was
determined based on an FDR analysis using the target-decoy
approach and those that met the 1% FDR threshold in at least four
biological replicates were retained. The peak areas of the target
fragment ions of those peptides were extracted across the
experiments using an extracted-ion chromatogram (XIC) window of
4 minutes with 100 ppm XIC width.  The levels of the proteins were
estimated by summing all the filtered transitions from all the filtered
peptides for a given protein and normalized to the total intensity
obtained for the samples (19).
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Statistical analysis. The normalized levels of the proteins were
analyzed using IBM SPSS Statistics 24 software for Windows
(Statistical Package for the Social Sciences, IBM, USA). Initially,
protein levels were normalized to the total intensity and transformed
using log2. A Mann-Whitney U-test was implemented for the resulting
proteins, taking into account the metastasis/relapse status of the
patients as the grouping variable. This analysis was performed only
for tumor tissue and the proteins deemed suitable were those with a
minimum of 2 detected peptides. The proteins were selected based on
significance, namely, those with p-value under 0.05 were used to
construct a binary logistic regression classifier along with two
categorical variables: age at initial diagnosis (<60 years and ≥60 years
of age) and tumor staging (Stages I and II or III and IV combined).
The variables were selected in a stepwise manner, in order to
distinguish between recessive/metastatic and non-recessive/metastatic
patients. This model was also used on the non-tumor samples collected
from tumor-adjacent tissue. The two different tissue types were
compared using a Mann-Whitney U-test taking into account the levels
of the proteins included in the binomial logistic regression model.
Survival analysis was performed using the Kaplan-Meier method. 
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Table I. Clinicopathological characteristics of the study population.

                                                Patients (n=40)

                                            n (%)                                              n (%)    

Gender                                                    Differentiation                      
  Male                                40 (100)           Well                             29 (73)
  Female                                  0                 Moderate                      8 (20)
Age at diagnosis (years)                             Poor                               3 (8)
  <60                                   23 (58)         Margin status                       
  ≥60                                   17 (43)            R0                                28 (70)
Tobacco                                                      R1                                 6 (15)
  Yes                                   31 (78)            NA                              6 (15)
  No                                     6 (15)          Anatomic subsite 
  NA                                     3 (8)              Tongue                        26 (65)
Alcohol                                                      Floor of mouth           14 (35)
  Yes                                   29 (73)         Metastasis/                           
  No                                     5 (13)          Relapse in follow-up
  NA                                    6 (15)             No                               22 (55)
TNM stage                                                 Yes                               18 (45)
  I                                         6 (15)          Vital status                           
  II                                      14 (35)            Alive                           24 (60)
  III                                      9 (23)             Dead –HNSCC           10 (25)
  IV                                     11 (28)            NA                               6 (15)
Invasion peri(neural)               
  Yes                                   20 (50)
  No                                    14 (35)
  NA                                    6 (15)
Treatment                                                   
  Surgery alone                  10 (25)
  Surgery+QT+RT               2 (5)
  Surgery+QT                         0
  Surgery+RT                     18 (45)
  RT+QT                             4 (10)
  T alone                                  0              
  NA                                    6 (15)             

NA: Not available; RT: radiotherapy; QT: chemotherapy.

Table II. SWATH-MS method.

                                         m/z range                 Width (Da)              CES

Window 1                       349.5-364.5                      15                        5
Window 2                       363.5-379.3                   15.8                        5
Window 3                       378.3-391.9                   13.6                        5
Window 4                       390.9-402.2                   11.3                        5
Window 5                       401.2-412.6                   11.4                        5
Window 6                         411.6-422                     10.4                        5
Window 7                         421-431.5                     10.5                        5
Window 8                       430.5-440.5                      10                        5
Window 9                       439.5-449.5                      10                        5
Window 10                     448.5-457.6                     9.1                        5
Window 11                     456.6-466.1                     9.5                        5
Window 12                     465.1-474.2                     9.1                        5
Window 13                     473.2-481.9                     8.7                        5
Window 14                     480.9-489.5                     8.6                        5
Window 15                     488.5-497.2                     8.7                        5
Window 16                     496.2-504.4                     8.2                        5
Window 17                       503.4-512                       8.6                        5
Window 18                       511-519.2                       8.2                        5
Window 19                     518.2-526.4                     8.2                        5
Window 20                     525.4-533.6                     8.2                        5
Window 21                     532.6-540.8                     8.2                        5
Window 22                       539.8-548                       8.2                        5
Window 23                       547-555.3                       8.3                        5
Window 24                     554.3-562.5                     8.2                        5
Window 25                     561.5-569.7                     8.2                        5
Window 26                     568.7-576.4                     7.7                        5
Window 27                     575.4-583.6                     8.2                        5
Window 28                     582.6-591.3                     8.7                        5
Window 29                     590.3-598.9                     8.6                        5
Window 30                       597.9-607                       9.1                        5
Window 31                       606-614.7                       8.7                        5
Window 32                     613.7-622.3                     8.6                        5
Window 33                       621.3-630                       8.7                        5
Window 34                       629-637.6                       8.6                        5
Window 35                     636.6-645.7                     9.1                        5
Window 36                     644.7-653.4                     8.7                        5
Window 37                     652.4-660.6                     8.2                        5
Window 38                     659.6-668.2                     8.6                        5
Window 39                     667.2-676.3                     9.1                        5
Window 40                     675.3-684.9                     9.6                        5
Window 41                     683.9-693.9                      10                        5
Window 42                     692.9-703.3                   10.4                        5
Window 43                     702.3-713.2                   10.9                        5
Window 44                       712.2-724                     11.8                        5
Window 45                       723-735.3                     12.3                        5
Window 46                     734.3-745.6                   11.3                        5
Window 47                     744.6-756.9                   12.3                        5
Window 48                     755.9-768.6                   12.7                        5
Window 49                     767.6-781.6                      14                        5
Window 50                     780.6-796.5                   15.9                        5
Window 51                       795.5-814                     18.5                        8
Window 52                       813-834.7                     21.7                        8
Window 53                     833.7-858.6                   24.9                        8
Window 54                     857.6-884.2                   26.6                        8
Window 55                     883.2-910.8                   27.6                        8
Window 56                     909.8-940.9                   31.1                        8
Window 57                     939.9-978.3                   38.4                        8
Window 58                    977.3-1026.4                  49.1                      10
Window 59                   1025.4-1084.9                 59.5                      10
Window 60                   1083.9-1249.6               165.7                      10



Results

Protein levels obtained by SWATH_MS were normalized, and,
after initial filtering, 1,363 proteins remained in the dataset to
be studied. A Mann-Whitney U-test was performed to
distinguish the patients that developed recurrence/metastasis
from those that did not, taking into account only the tumor
tissue. Twenty-seven proteins with at least 2 quantified
peptides were selected based on their significance (p<0.05). 

Along with two categorical variables –the age at initial
diagnosis and tumor staging– the resulting proteins were
used to build a binomial logistic regression model to
distinguish between recessive/metastatic and non-
recessive/metastatic patients. The variables that were
selected to create the classification model are the categorical
variable tumor staging along with three proteins: very-long-
chain 3-oxoacyl-CoA reductase (DHB12), high mobility
group protein 3 (HMGB3) and collagen alpha-1(XI) chain
(COBA1). The generated model could predict correctly the
outcome of the patients regarding their metastatic status with
87.5% overall accuracy. The null model’s accuracy was 55%.

According to the Hosmer-Lemeshow goodness of fit test
(Table III), the model has a good fit for the data with a p-
value greater than 0.05. By calculating the Nagelkerke R2 we
can verify that our model explains 51.8% of the variance in
the tumors tested, meaning that the four independent
variables in the logistic model, when taken together, account
for 51.8% of the reason why a patient develops a
relapse/metastasis or not.

The area under the ROC curve was 0.864, with a 95% CI
of [0.766; 0.962], defining the ability that the model has to
distinguish the patients according to their relapse/metastasis
status. This means that there is an 86.4% probability that the
model will correctly classify the patients into their respective
class, rendering it a model with good class separation
capability.

When taking the variables included in the model
individually (Table IV), we can verify that none of them
reached a p-value consistent with statistical significance
(p<0.05). However, looking at the odds-ratio (eB - the
exponential of the regression coefficients) calculated for each
of the variables there seems to be an association between
them and the development of relapse/metastasis. For the
tumor stage variable, an increase in tumor stage, in order
words, having a stage III or IV tumor, increases in average
the odds of developing a relapse or metastasis in 5.112 times.
The same can be said for COBA1 (OR=1.421) – an increase
on the detected level of intensity of the protein seems to lead
to an increased risk for the patients to develop a relapse or
metastasis. On the cases of DBH12 (OR=0.428) and
HMGB3 (OR=0.528), since the odds ratios are below 1, an
increase on the proteins’ levels suggests a decrease on the
risk of developing a relapse or metastasis. 

It should be noted that the odds ratio is not statistically
significant, since the 95% confidence intervals include 1.
This would probably be solved increasing the size of the
cohort in study. This model was also evaluated on the
samples collected from tissue adjacent to the tumor,
obtaining an 81.3% overall accuracy. Figure 1 represents the
profile of protein levels across our cohort, for the three
proteins included in the logistic regression model, for both
types of tissue studied. 

We were also interested in finding if there were
differences between the type of tissue (tumor or non-tumor
tissue) regarding the levels of intensity for the three proteins
included in the model (Figure 2). To that purpose, we
performed another Mann-Whitney U-test taking into account
four groups: tumor-adjacent versus tumor tissue with or
without relapse/metastasis and patients with or without
relapse/metastasis within the same tissue type. 

According to the Mann-Whitney U-test, the difference
between the median protein levels of HMGB3 considering
the metastatic status reached statistical significance within
the tumor (p=0.008) and the non-tumor tissue groups
(p=0.006), but when comparing the metastatic status across
tissue types the difference was non-significant (Figure 2A).
Similar results were obtained for DHB12, where we found
that within the tumor tissue the difference between metastatic
status was significant (p=0.026) as well as within the non-
tumor tissue type (p=0.002) (Figure 2C). For COBA1, the
only significant difference amongst median protein levels
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Table III. Pseudo Nagelkerke R squared value calculated for the model
as well as the goodness of fit Hosmer and Lemeshow tests and
significance. 

Nagelkerke R2                                Hosmer and Lemeshow test

                                                          χ2                         Significance

0.518                                             13.115                           0.108

Table IV. Summary of the variables in the binomial logistic regression
model.

Variable              eB (O.R.)      Significance              95% CI for eB

                                                                                Lower            Upper

Tumor stage          5.112               0.055                 0.964             27.120
DHB12                  0.428               0.108                 0.167               1.096
HMGB3                 0.528               0.077                 0.242               1.150
COBA1                  1.421               0.089                 0.948               2.130

eB (O.R.): Odds ratio; CI: confidence interval.



was found between metastatic status within the tumor tissue
type (p=0.032) (Figure 2B). These results show that, at a
statistical level, regarding the profiles of HMGB3, DHB12,
and COBA1, there are no differences between tissue types.
However, there are differences between patients that
developed a relapse or metastasis and those that did not,
when considering the same tissue type. 

We also wanted to evaluate the possible relevance of each
of the variables included in the model on the survival of the
patients, to that purpose Kaplan-Meier survival curves were
obtained. For each of the proteins, two groups were
established: one included the levels below the median and
the other included the levels above the median protein level.
For the tumor stage variable, the two groups tested were the
same used to build the model (Stages I and II or III and IV
combined) (Figure 3). 

The mean estimated times of survival in months are
represented in Table V. Since some of the curves did not
reach the median estimated survival time, the mean was
assumed in order to compare between groups. However, it
should be noticed that, as such, these assumptions are only
valid for the duration of the study. 

We verified that patients that were on stages III and IV of
the disease survived, on average, approximately two years
and four months less than those on stages I and II. For
HMGB3, the patients that had a level of protein above the
median level survived, on average, one year more than the
other group. In the case of DHB12, a level above the median
means a mean survival time approximately 10 months higher
when compared to the group that had protein levels below the
median. For COBA1, levels below the median protein level
mean a higher average time of survival in about one year. 
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Figure 1. Heatmaps showing the levels of intensity for the three proteins included in the logistic regression model, with the distinction between
patients with relapse/metastasis (sidebar in light blue) and those without (sidebar in grey). (A) Levels of proteins HMGB3, DHB12, and COBA1 on
the tumor tissues. (B) Levels of proteins HMGB3, DHB12, and COBA1 on the non-tumor tissues. Lower levels of protein intensity are represented
in dark red and higher levels are represented in dark blue.



Discussion

Clinical cancer proteomics holds the potential to identify and
quantify novel biomarkers for early detection, diagnosis,
prediction of the clinical outcome and develop new
therapeutic targets (23). Several genomic and proteomic
biomarkers have been associated with HNSCC; however,
none was successfully translated to routine clinical practice,
yet (24). It is important to note that the capability to
effectively treat HNSCC patients will depend upon the
ability to identify if surgical margins are free of tumor, and
predict tumor behavior, metastatic/recurrence potential, and
response to therapy (25). In this study, we performed a

global proteomic view of HNSCC samples, specifically in
tumor and non-tumor tissue samples from tongue and floor
of the mouth tumors, as an attempt to discover new
biomarkers of early diagnosis of metastasis and relapses. We
quantified more than one thousand proteins with different
levels of intensities between the patients that develop
metastasis or recurrence and those without metastasis or
recurrence, which revealed the great biological complexity
that underlies HNSCC. Moreover, these tumors display
clinical heterogeneity, being their behavior unpredictable
using only the available set of clinical markers; therefore, the
development of a prognosis predictive model is a novel and
promising strategy to increase the HNSCC survival rate and
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Figure 2. Levels of intensity for the three proteins included in the logistic
regression classification model, according to tissue type (T – tumor; non-
T – tumor tissue) and relapse/metastasis status (non-Metastatic or
Metastatic). (A) HMGB3; (B) COBA1; (C) DHB12. Degrees of
significance for the difference concerning median protein levels between
two groups (non-Metastatic or Metastatic) were determined by the
Mann-Whitney U-test and are represented above the respective bars
(**p-value<0.01; *p-value<0.05; n.s. Non-significant). Statistical
significance was reached between the non-Metastatic and Metastatic
groups within tissue types in HMGB3 and DHB12. For COBA1,
statistical significance was only attained when testing the difference
between relapse/metastasis status within the tumor tissue type.  
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Figure 3. Kaplan-Meier survival curves for the four variables included in the logistic regression model. (A) Clinical Stage; (B) HMGB3; (C) DBH12;
(D) COBA1.



improve the quality of life of the patients (4). The proteomic
signature identified in the present study was used to build a
predictive classification model of recurrence and metastasis
development. This developed multivariate model was
evaluated on the tumor and non-tumor samples presenting an
average accuracy higher than 85 and 80%, respectively, and
includes a categorical variable tumor staging along with
DHB12, HMGB3, and COBA1proteins. 

We verified that high levels of DBH12 and HMGB3
proteins could be, in our cohort, associated with a decreased
risk of HNSCC patients to develop relapse or metastasis. On
the other hand, high levels of COBA1 protein seem to be
linked to an increased risk for these patients to develop
relapse or metastasis. As expected, HNSCC patients with a
higher tumor stage (III or IV) have an increased risk of
relapse and metastasis development.

Considering the patients’ survival, high level of DHB12
and HMGB3 and low level of COBA1 proteins were
associated with higher survival time. As anticipated, we
verified that patients on III and IV tumor stages survived less
than those on I and II tumor stages. Altogether, these results
suggest a specific set of three proteins that seem to have an
important role in the development and prediction of HNSCC
recurrence and metastasis.

To the best of our knowledge this is the first study to
highlight these three proteins together with tumor stage as a
predictor of recurrence or metastases development in tongue
and floor of the mouth tumors, which could represent a
significant step forward in the paradigm shift of clinical
management of these patients as well as in the successful
implementation of precision medicine.

The protein DHB12, encoded by the gene HSD17B12
mapped at 11p11.2, is considered a multifunctional enzyme
that performs the conversion of estrone to estradiol and
elongate long-chain fatty acids (26). In HNSCC high
expression of HSD17B12 mRNA is pointed out as a predictor

of metastasis in a four-gene model with the capability of
successful prediction of 77% (27). Moreover, DHB12 seems
also to play a role in breast cancer progression (28). In the
presented study, our results showed an association between
high DHB12 protein levels and decreased risk of metastasis
and recurrence development as well as with better survival. 

The protein HMGB3 is a member of a family of proteins
that hold one or more high mobility group DNA-binding
motifs and plays an important role in DNA replication,
recombination, and repair (29). HMGB3 seems to play an
important role in a wide variety of cancers, such as breast
cancer, gastric cancer, bladder cancer, colorectal cancer, and
esophageal squamous cell carcinoma. In breast cancer, the
mRNA and protein levels of HMGB3 were higher in the
tumor compared to adjacent benign specimens and exhibited
an indirect correlation between the expression of HMGB3
mRNA and patient survival (30). Likewise, high-level
expression of HMGB3 protein was detected in gastric
adenocarcinoma cells and its overexpression was correlated
with a poor prognosis, being postulated that HMGB3 may
promote gastric cancer cell proliferation by regulating the cell
cycle (31). Urinary bladder cancer patients with higher
HMGB3 expression showed a poorer overall survival rate than
those with low HMGB3 (p=0.0079, logrank test), indicating
its potential role in tumor proliferation and migration (32). In
colorectal cancer, HMGB3 was up-regulated at both mRNA
and protein levels, exercising oncogene effect to promote cell
growth and migration (33). Also, esophageal squamous cell
carcinoma patients with higher HMGB3 expression have a
shorter overall survival than those with lower HMGB3
expression (34). Despite, HMGB3 was reported to be
overexpressed in a variety of human cancers, our results for
tongue and floor of the mouth tumors found that high levels
of  HMGB3 protein was associated with low risk of relapse
and metastasis and consequently with better survival, which
seems to be opposite to the results presented for other cancer
types. However, the role of HMGB3 in human cancers
remains still relatively unclear. Recently, Mukherjee et al.
demonstrated in vitro that HMGB3 plays a role in sensitizing
cisplatin-resistant ovarian cancer cells to cisplatin treatment,
probably via the transcriptional repression and deregulation of
the ATR-CHK1 damage signaling pathway (35).

The collagen type XI α1 (COL11A1) gene encodes one of
the two α chains of type XI collagen, a minor fibrillar collagen
(36), that is located on chromosome 1 (1p21.1) and regulates
the promoter of the major collagen type V (COL5A2) (37).
Collagen is a major component of the extracellular matrix and
is involved in the regulation of cell proliferation, differentiation,
and migration (38). Increased expression of COL11A1 gene was
described to promote tumor progression in HNSCC (39), having
this gene already shown differential expression between
metastatic and nonmetastatic oral cavity/oropharynx squamous
cell carcinoma (fold change=7.61; p=0.002) (40). Additionally,
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Table V. Mean estimated survival time in months and respective
standard errors, for each of the four variables included in the logistic
regression model, for the duration of the study. 

                                                 Mean survival time          Standard error 
                                                  estimate (months)                (months)

Stage            I+II                                    69                                3.598
                     III+IV                                40                                5.843
HMGB3       <Median                            50                                6.506
                     >Median                            62                                5.160
DHB12        <Median                            50                                6.031
                     >Median                            60                                5.843
COBA1        <Median                            62                                4.753
                     >Median                            50                                6.628



Shen et al. found that expression of COL11A1 was up-regulated
in metastatic and recurrent non-small cell lung cancer (41).
These results are in agreement with our proteomic findings for
tongue and floor of the mouth tumors, where high levels of the
protein collagen alpha-1(XI) chain (COBA1) were associated
with an increased risk for HNSCC patients develop relapse or
metastasis and consequently associated with worse survival,
reinforcing the importance of this protein in the pathogenesis of
HNSCC recurrences and metastases.

In our predictive model, high levels of DBH12 and
HMGB3 that are proteins related to long-chain fatty acids
elongation, conversion of estrone to estradiol, DNA
replication and repair are correlated with a decreased risk of
relapse or metastasis development as well as high levels of
COBA1 protein, a component of the extracellular matrix,
involved in the regulation of cell proliferation, differentiation
and migration are correlated with an increased risk of relapse
or metastasis development. Further studies must be
conducted to clarify the role of the identified proteins in
HNSCC pathogenesis as well as to confirm our observations
in a larger clinical series. The clinical application of this
classification model is promising since it is possible to
identify newly diagnosed HNSCC patients with risk of
recurrence/metastasis development and, consequently,
monitor them closely, avoiding or performing early detection
of the recurrences and use more aggressive and personalized
treatments. Moreover, we highlighted in this study three
proteins that could be candidates for targeted therapy studies.

In conclusion, considering that HNSCC patients exhibit
poor overall prognosis and survival with a high risk to recur
after the primary tumor diagnosis and treatment, the
proteomic predictive model for recurrence and metastasis
development that we propose may pave the way to more
precise patient management and targeted drug design. 
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