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Abstract
Changes in metabolism are mechanisms that are largely implicated in the development, progression, and metastasis of head 
and neck squamous cell carcinoma (HNSCC) and also in resistance to different anticancer therapies. Identification of bio-
markers for differentiation between cancerous and normal epithelium, treatment design and prognosis remain a vital issue 
in the field of head and neck cancer. The present study analyzed the main biochemical changes that occur in HNSCC tumors 
by through mechanisms involving oxidative stress. The release of substances reactive to thiobarbituric acid was significantly 
lower in HNSCC tumor tissue as compared to healthy tissue. The assays related to the lipid profile assays showed changes in 
membrane biophysics of tumor cells due to an increase in total phospholipids and total cholesterol, as well as an increased 
activity and expression of the α1 subunit of Na, K-ATPase, which is fundamental in the process of carcinogenesis. The 
modulation of the antioxidant system was also affected, with a decrease in the catalytic activity of the enzymes superoxide 
dismutase (SOD) and glutathione peroxidase (GPx), as well as a reduction of glutathione (GSH) content and an increase in 
 H2O2 content. A reduction in catalase (CAT) activity was observed. The data presented here are in accordance with impor-
tant findings described by us in a previous study, involving the same individuals, but with a focus on the damage generated 
in red blood cells, resulting from tumor installation. Therefore, it was possible to conclude that the biochemical alterations 
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found in HNSCC cells are fundamental for transformation and maintenance of the tumor cell and once it is installed, it 
is also capable of generating injuries in the patients’ red blood cells. Our data demonstrate that this could be a promising 
biomarker for HNSCC.

Graphic Abstract

Keywords Head and neck cancer · Lipid peroxidation · Na, K-ATPase · Oxidative stress · Biomarker

Introduction

Head and neck squamous cell carcinoma (HNSCC) is con-
sidered to be a highly heterogeneous disease encompassing 
tumors formed in different anatomical sites of the upper air-
digestive tract, such as the hypopharynx, oropharynx, lip, 
oral cavity, nasopharynx or larynx (Döbrossy 2005). Owing 
to this heterogeneity, HNSCC has different epidemiolo-
gies, etiologies, and therapies, which makes its appropriate 
clinical management a great challenge (Gupta et al. 2009; 
Lo Nigro et al. 2017). The combined use of alcohol and 
tobacco has been described as the main factor for develop-
ment of HNSCC (Hashibe et al. 2009). In addition, studies 
have shown that human papilloma virus (HPV) infection 
is closely related to the pathogenesis of HNSCC originat-
ing in the oropharynx (Maxwell et al. 2016; Weinberger 

et al. 2006). Despite several improvements in treatment of 
these tumors in the last few decades, overall survival rates 
have only slowly improved, primarily due to diagnosis in an 
advanced clinical stage and high rates of treatment failure 
(Arantes et al. 2018).

Currently, increasing efforts have been directed towards 
the development of molecular therapies and the elucida-
tion of the main biochemical changes that occur in the 
metabolism and functioning of these tumor cells, to iden-
tify biological markers that can be useful both in predicting 
treatment and in selecting patients for specific molecular 
therapies (Ang et al. 2002; Leemans et al. 2018; Quon et al. 
2001). Regarding HNSCC, an increasing number of studies 
have sought to elucidate the implications of using circulat-
ing biomarkers for the detection and planning of specific 
therapies. However, although these markers provide a wide 
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range of possible clinical applications, no validated circulat-
ing biomarkers have been integrated into clinical practice for 
head and neck cancer because they are, for the most part, 
expensive and difficult for large scale use because of the 
heterogeneity of the tumors (Nonaka and Wong 2018). The 
aforementioned supports the need to search for more acces-
sible markers that are easier to sample and more economi-
cally viable. A promising approach may be the association 
of tumors with other tissue markers in blood that are affected 
by tumor initiation.

Na, K-ATPase (NKA) is the enzyme responsible for main-
taining internal ionic homeostasis in cells, enabling high  K+ 
and low  Na+ concentrations in the intracellular environment, 
and also regulates the membrane potential fundamental for 
cellular growth, differentiation and survival (Sunol et al. 
2011). This enzyme is also able to modulate migration and 
adhesion between cells (Li et al. 2017). Na, K-ATPase not 
only participates in normal cellular events, but may play key 
roles in carcinogenesis. Increased expression and activity of 
the enzyme’s subunits have been implicated in the develop-
ment and progression of different aggressive cancers such 
as gastric (Lee et al. 2002), bladder (Espineda et al. 2003), 
breast (Kometiani et al. 2005), glioblastoma (Lefranc and 
Kiss 2008), melanoma (Mathieu et al. 2009) and head and 
neck cancer (Chaves et al. 2014). The enzyme was also iden-
tified as a potential biomarker for liver (Baker Bechmann 
et al. 2016) and breast (Wang et al. 2018) cancers.

Reactive-oxygen species (ROS) are produced naturally 
during aerobic respiration and their production is very 
important to the cell, since they are secondary messengers 
in signal transduction pathways responsible for regulation 
of multiple physiological processes (Lopez-Lazaro 2007). 
However, high concentrations of ROS can initiate toxic reac-
tions capable of destabilizing fundamental structures neces-
sary for cell integrity and survival. ROS are also associated 
with lipid peroxidation and alterations in the membrane 
microenvironment of important integral proteins, such as 
NKA (Shah et al. 2016). Oxidative stress plays an essential 
role in processes that are fundamental to carcinogenesis, 
such as increased cell proliferation, apoptosis resistance, 
cellular immortalization, increased angiogenesis, tissue 
invasion, and metastasis (Klaunig and Kamendulis 2004; 
Lopez-Lazaro 2007). There is a strong link between the 
development of head and neck cancer and the use of alco-
hol and tobacco, because they can increase the production of 
ROS (Lodovici and Bigagli 2009) and the organism’s anti-
oxidant defense mechanism is not always able to reverse the 
damage caused by these agents.

One of the main barriers cells have against ROS attack 
on the cell membrane is reduced glutathione (GSH) and the 
antioxidant enzymes catalase (CAT), superoxide dismutase 
(SOD), glutathione peroxidase (GPx) and glutathione 
reductase (GR) (Pisoschi and Pop 2015). Upon failure of 

the antioxidant system, the consequently high production 
of ROS by the tumor can lead to secretion of these species 
from the tumor tissue into the blood, as shown by us in a 
previous study, causing red blood cell damage and increas-
ing the activity of the NKA in the red blood cells (De Souza 
Gonçalves et al. 2020). Although the changes in cell mem-
brane integrity and NKA activity in erythrocytes of HNSCC 
patients was described, there is no evidence of these param-
eters in tumor tissue. Thus, the elucidation of the biochemi-
cal behavior of HNSCC and the effects of its secretions in 
the blood can be used as a new approach for the noninvasive 
diagnosis of this type of cancer.

Thus, the present study examined changes that occurred 
in the control group (safety margin) when compared to the 
tumor group (tumor tissue) formed by patients with HNSCC. 
Our results reveal that NKA is associated with the devel-
opment of HNSCC and may be a promising biomarker for 
HNSCC when associated with changes in tumor antioxidant 
balance and erythrocyte levels.

Materials and Methods

Patients

The study population consisted of twenty HNSCC patients 
without any type of treatment (17 men and 3 women), diag-
nosed at the oncology unit of the São João de Deus Hospital/
Geraldo Correia Foundation (HSJD/FGC), in Divinópolis, 
MG (Table 1). For the control, normal tissue around the 
tumor called the safety margin, was used. It is worth men-
tioning that a free and informed consent form was applied 
to all those involved in the research and that this study was 
approved by the Campus Centro-Oeste Dona Lindu Ethics 
Committee (CEUA no. 07004713.9.0000.5545). None of 
those involved in the study had undergone chemotherapy 
or radiotherapy before sample collection. Sixteen of these 
patients were smokers (15 men and 1 women), all of whom 
reported heavy smoking for at least 36 years. Eighteen 
patients reported being alcoholics (16 men and 2 woman), 
of whom three reported drinking socially and the others 
reported drinking every day and in large quantities. Most 
patients had both habits, except for one male patient who 
reported no smoking. The average number of years of smok-
ing was 36 and ranged from 16 to 70 years. Regarding alco-
holism, the average number of years was approximately 
34 years, ranging from 19 to 60 years. In regard to the his-
topathological results, eight patients had well-differentiated 
HNSCC, eleven patients had moderately differentiated 
tumors and one received a diagnosis of poorly differenti-
ated tumor. Only three main sites were utilized in the study, 
namely oral mucosa, tongue, and larynx.
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Biological Samples

The samples were collected during the surgical process to 
remove the tumor in São João de Deus Hospital. The onco-
logical procedure was performed in a standard way, with cer-
vical lymphadenectomy in cases where indicated, followed 
by resection of the primary tumor with a safety margin of 
about 1 cm into normal mucosa. As soon as the primary 
tumor was removed, samples from its center were removed 
carefully so as not to collect areas with necrosis and also as 
far as possible from the mucosal surface to reduce contami-
nation by bacterial flora of the upper digestive airway. The 
margins were collected using a new, sterile material that was 
opened at the surgical table and samples of the remaining 
mucosa were cut and collected. Once the tumor samples and 
margins were collected, they were put in bottles, frozen in 
liquid nitrogen, and stored in a − 80 °C freezer at the Labo-
ratory of Cell Biochemistry of the Federal University of São 
João Del Rei, Campus Centro-Oeste, Dona Lindu.

Membrane Homogenate Preparation

Samples were homogenized in preparation buffer (10 mM 
Tris–HCl pH 7.4, 0.32 M sucrose, 0.5 mM EDTA, and 1 mM 
 MgCl2) using a potter homogenizer. The buffer volume/wet 
mass ratio used was 4:1 (mL/g). The homogenate was cen-
trifuged for 20 min at 1000×g, 4 °C. The supernatants were 

then ultracentrifuged at 100,000×g for 1 h, at 4 °C. The 
new supernatants obtained corresponded to the soluble frac-
tion and were used to evaluate oxidative stress biomarker 
enzymes. The pellet was resuspended in 1 mL of prepara-
tion buffer and corresponded to the membrane fraction of 
samples from the HNSCC patients.

Thiobarbituric Acid Reactive Substances (TBARS) 
Determination

For the TBARS determination, 25 μL of tissue homogenate 
was mixed in 175 μL of a 50 mM sodium phosphate buffer 
pH 7.4, to which 200 μL of a 12% trichloroacetic acid (TCA) 
solution and then 400 μL of a 1% thiobarbituric acid solution 
were added. The mixture was incubated at 95 °C for 30 min. 
Thereafter, it was placed in an ice bath for 10 min. After 
this time, the absorbance was read in a spectrophotometer 
at 532 nm (Buege and Aust 1978).

Lipid Extraction

Tissue membrane lipid extraction was performed based on 
the method described by Folch et al. (1957). An 100 μL 
aliquot of tissue fractions sample was mixed with 20 vol-
umes of chloroform/methanol (2:1 v/v). After one hour at 
rest, the samples were centrifuged at 300×g in a nonrefriger-
ated clinical centrifuge for 20 min. Then, distilled water was 
added at 1/5 the volume. The samples were carefully mixed 
and allowed to rest again for 1 h, and the centrifuged. The 
samples were left for 24 h to allow separation of the aque-
ous and organic phases. Thereafter, the organic phase was 
concentrated in a rotary evaporator, resuspended in 1 mL of 
chloroform and finally used for membrane lipids analysis 
and identification.

Total Phospholipids Determination

Total phospholipids quantification was performed using 
the method described by Chen et al. (1956). A 50 μL ali-
quot of a lipid extract sample was dried using nitrogen and 
digested with 0.5 mL of a 65% (v/v) nitric acid solution at 
about 120 °C. Then, 0.5 mL of distilled water and 1.0 mL of 
Chen’s reagent were added to the sample that was kept for 
20 min in a 45 °C water bath. The samples were analyzed 
with a spectrophotometer at an 820 nm wavelength.

Total Cholesterol Determination

Cholesterol content determination was performed by the 
method described by Higgins and Fieldsend (1987), based 
on the ferric chloride complexation  (FeCl3·6H2O) with cho-
lesterol in an acidic medium. A 0.375 mL volume of acetic 
acid and 0.25 mL of ferric chloride reagent (2.5% w/v  FeCl3 

Table 1  Number of HNSCC patients that participated in the study 
organized by clinical characteristics

*Data represented by mean and standard deviation (SD)

Characteristics No. of patients

Patients 20
Male/Female 17/03
Age (years) (range) 59.30 ± 10.57 (39–80)*
Smokers
Males 15
Females 1
Duration of habit (years) (range) 36 ± 12.34 (16–70)*
Alcohol use
Male 16
Female 2
Duration of habit (years) (range) 34.78 ± 11.9 (19–60)*
Grade
I (well-differentiated SCC) 8
II (moderately differentiated SCC) 11
III (poor-differentiated SCC) 1
Tumor location
Buccal mucosa 5
Tongue 7
Larynx 8
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in 85% w/v  H3PO4) diluted in concentrated  H2SO4, 8% (v/v) 
were added to each sample. A pinkish color appeared after 
20 min, and the absorbance was read in a spectrophotometer 
at 550 nm.

Total Protein Determination

In order to standardize the amount of proteins used in the 
next evaluations, the membrane protein content of the sam-
ples was determined by the Bradford method (Bradford 
1976) using bovine serum albumin (BSA).

Na, K‑ATPase Activity Determination

The tissue membrane preparation (20 μg of protein) was 
used to measure NKA activity. The determination was made 
at 37 °C, measuring the inorganic phosphate (Pi) released 
from the reaction in buffer (50 mM Tris–HCl, pH 7.5, 
120 mM NaCl, 20 mM KCl, 4 mM  MgCl2, 3 mM ATP, 
and 20 μg of protein in a final volume of 0.25 μL). The 
experiments were carried out in the presence and absence 
of ouabain (1 mM) to specifically determine Na, K-ATPase 
activity. Absorbances obtained when ouabain was used were 
subtracted from those obtained in the absence of ouabain 
to discount the Pi released by other ATPases present in the 
membrane fraction. The reaction was started by adding the 
samples to HEPES buffer and stopped with 100 μL of 1% 
SDS after exactly 60 min. The inorganic phosphate released 
through ATP hydrolysis was determined by spectrophotom-
etry, according to Fiske and Subbarow method (Fiske and 
Subbarow 1925) at 660 nm.

Analysis of Protein Expression by Western Blotting

Tissue membrane proteins (30 µg of protein) were subjected 
to 10% SDS-PAGE in a 90 V Bio-Rad mini-Protean III (Bio-
Rad, Hercules, CA, USA) apparatus. Proteins were trans-
ferred to a nitrocellulose membrane (Bio-Rad, Hercules, CA, 
USA) and incubated with α1-Na, K-ATPase specific anti-
bodies (sc-21712, Santa Cruz Biotechnology, Santa Cruz, 
CA, USA). Ponceau red staining was used to ensure equal 
protein loading. The proteins recognized by the antibodies 
were revealed by a mixture of equimolar solution (Solution 
1: 100 mM Tris [pH 8.5], 2.5 mM Luminol, and 0.396 mM 
p-coumaric acid; Solution 2: 100 mM Tris [pH 8.5] and 
0.06%  H2O2). Immunoblots were quantified using ImageJ 
software.

Superoxide Dismutase (SOD) Enzymatic Activity 
Determination

SOD activity was determined using the methodology 
described by Misra and Fridovich (1972). The method is 

based on the ability of SOD to inhibit the autooxidation 
of epinephrine to adenocarbon. 50 mM glycine buffer (pH 
10.0), cell extract, and 60 mM epinephrine (pH 2.0) were 
used for the assay. SOD activity was measured indirectly by 
the variation of absorbance of epinephrine oxidized product, 
at 480 nm.

Catalase (CAT) Enzymatic Activity Determination

The catalytic activity of catalase was determined as 
described by Maehly and Chance (1954).  H2O2 substrate 
decomposition was monitored using a spectrophotometer 
at 240 nm. Catalase activity was calculated as  H2O2 nmol 
consumed/min/protein μg.

Hydrogen Peroxide  (H2O2) Content Determination

Hydrogen peroxide content determination was carried out 
by the Zhen-Yue method (Jiang et al. 1990). This method 
consists in the reaction of  H2O2 with ferrous sulfate  (FeSO4) 
leading to the formation of  Fe3+, which under acidic condi-
tions reacts with xylenol orange to form a complex of yel-
lowish/purple coloration. An 100 μL aliquot of the samples 
was added to 900 μL of reaction media (0.5 mM ammoniacal 
ferrous sulfate, 0.2 mM xylenol orange in 25 mM  H2SO4). 
The purple color produced was quantified in a spectropho-
tometer at 580 nm.

Glutathione Peroxidase (GPx) Content 
Determination

GPx activity was evaluated by NADP(H) oxidation based on 
the Flohe method (Flohe et al. 1973). The reaction medium 
contained 250 μL of 50 mM phosphate buffer (pH 7.4), 40 
μL of 4 mM EDTA, 12.5 μL of 1.25 mM sodium, 250 μL 
of 1 mM GSH, 16 μL of 0.16 mM NADP(H), 50 μL of 0.25 
mM  H2O2, 331.5 μL of distilled water, and 50 μL of total 
homogenate soluble fraction. Sample absorbances were read 
in a spectrophotometer at 340 nm.

Reduced Glutathione Content (GSH) Determination

GSH content was estimated according to the Beutler method 
(Beutler et al. 1963). The method consists in the reaction 
of the sulfhydryl group of GSH with the reagent DTNB 
(5,5′-dithio-bis-2-nitrobenzoic acid) forming TNB (5-thio-
2-nitrobenzoic acid) with yellow coloration. A 50 μL aliquot 
of the samples was added to 225 μL of reaction medium 
(0.1 M phosphate buffer pH 8.0 and 1 mM EDTA), then 
10 mM DNTB was added. The yellow color produced was 
quantified in a spectrophotometer at 412 nm.
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Statistical Analysis

Kolmogorov–Smirnov and Shapiro–Wilk normality tests 
were performed to verify the probability distributions of 
the data. Student’s t test was used to compare two groups 
at a 5% level of significance (p value < 0.05). All analyzes 
and graphs were made with the program GraphPad Prism 5 
(GraphPad Software, San Diego, CA, USA).

Results

Lipid Peroxidation

Owing to the intense metabolism and production of free rad-
icals in tumor cells, damage to the membrane was initially 
assessed using the lipid peroxidation index of the tissues 
under study, quantifying the MDA, a by-product released 
from the direct oxidation of membrane lipids. The tumor 

tissue group had a significantly lower peroxidation levels 
than the control group (Fig. 1).

Total Phospholipid and Cholesterol Content 
Determination in Membrane Tissues

A significant increase in lipid extract phospholipid concen-
trations was observed in the tumor tissue group when com-
pared with the control group (Fig. 2a). For the total choles-
terol content (Fig. 2b), an increase in the tumor tissue group 
was also found in comparison to the control group.

Na, K‑ATPase Enzyme Activity and Expression

Figure 3 shows the analysis of the Na, K-ATPase activity 
profile, an enzyme that has been shown to be involved in 
progression and metastasis processes in certain types of 
aggressive tumors. Thus, it was observed that the enzymatic 

Fig. 1  Lipid peroxidation determination in healthy and tumor tissue. 
**Significant difference relative to the control group (**p < 0.01); 
n = 20. All experiments were performed in triplicate and the error 
bars represent the SEM

Fig. 2  Lipid content determi-
nation in healthy and tumor 
tissue. a Total phospholipids. 
b Total cholesterol. *, ***Sig-
nificant difference relative to 
the control group (*p < 0.05; 
*** p < 0.001); n = 20. All 
experiments were performed 
in triplicate and the error bars 
represent the SEM

Fig. 3  Na, K-ATPase activity determination in membrane preparation 
of healthy and tumor tissues. *Significant difference relative to the 
control group (*p < 0.05); n = 20. All experiments were performed in 
triplicate and the error bars represent the SEM
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activity had a significant increase in the tumor tissue group 
in comparison to the control group.

Na, K-ATPase activity can be altered by modulating 
the lipid environment or by increasing the α1 subunit 
expression in the plasma membrane. Therefore, to evalu-
ate whether the expression levels of this Na, K-ATPase 

subunit would be increased, western blotting experiments 
were performed. A significant increase in α1 subunit 
expression was found in the tumor tissue group when com-
pared with the control group (Fig. 4).

Superoxide Dismutase (SOD), Catalase (CAT) 
Enzymatic Activity and Hydrogen Peroxide Content 
 (H2O2) Determination

Regarding the redox system, a reduction in superoxide 
dismutase catalytic activity occurred (Fig. 5a). In con-
trast, there was a significant increase in  H2O2 production 
(Fig. 5b) and catalase activity (Fig. 5c) in the tumor tissue 
group as compared to the control group.

Glutathione Peroxidase (GPx) and Reduced 
Glutathione Content (GSH) Determination

Glutathione peroxidase activity was considerably 
decreased in the tumor tissue group when compared 
with the healthy group (Fig. 6a). Regarding GSH levels 
(Fig. 6b), a reduction in its concentration was also found 
in the tumor tissue group relative to the control group.Fig. 4  Na, K-ATPase α1 subunit expression in membrane preparation 

of healthy and tumor tissues. Representative Western blotting of 3 
patient samples collected from the total of 12 and ponceau staining as 
loading control **Significant difference relative to the control group 
(**p < 0.01); n = 12. All experiments were performed in triplicate and 
the error bars represent the SEM

Fig. 5  Oxidative stress meas-
urement in healthy and tumor 
tissues homogenate. a Superox-
ide dismutase catalytic activity. 
b  H2O2 levels. c Catalase 
catalytic activity. *Significant 
difference relative to the control 
group (*p < 0.05); n = 20. All 
experiments were performed 
in triplicate and the error bars 
represent the SEM
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Discussion

Tumor cells are under intense oxidative stress caused by 
a constant imbalance between the production of free radi-
cals and an inefficient antioxidant system. This intrinsic 
ROS increase is due to changes in several factors, includ-
ing oncogenic stimulation, intense cellular metabolism and 
mitochondrial malfunction (Ziech et al. 2011). Our previous 
study revealed higher rates of lipid peroxidation in eryth-
rocyte membranes of HNSCC patients when compared 
with healthy controls (De Souza Gonçalves et al. 2020). 
This shows that the onset of the disease may be related to 
the establishment of an oxidative stress situation related to 
the increase in the production of ROS by the tumor. Thus, 
it was expected that, with the overproduction of ROS, the 
tumor cell membranes would be under intense attack and 
consequently would suffer great damage. However, when we 
evaluated the lipid peroxidation index (Fig. 1), our results 
demonstrated a significant reduction of damage in tumor 
cells when compared to the control. This decrease may be 
related to the ability of cancer cells to promote increased 
membrane saturation, modulating their biophysics by acti-
vating the de novo lipogenesis pathway (Rysman et  al. 
2010). In general, increased lipid synthesis and changes in 
membrane composition—increased in phosphatidylcholines 
and saturated phospholipids content—are typical in the can-
cer phenotype. In addition, the increased number of lipid 
rafts (enriched in cholesterol and sphingolipids) involved 
in cell signaling is observed in cancer cells (Bednarczyk 
et al. 2019). Because saturated lipids are less susceptible 
to ROS molecules attacks, this change protects tumor cells 
against cell death mediated by high levels of lipid peroxida-
tion (Hilvo et al. 2011).

Another important factor in the carcinogenesis process 
is the lipid profile, since lipids have multiple biochemical 
functions during the development of cancer besides the pro-
duction of new membranes (Li et al. 2006). The significant 
increase in total phospholipid synthesis observed in HNSCC 
tumors (Fig. 2a), was also found in other cancers, such as 

prostate (Rysman et al. 2010) and breast (Hilvo et al. 2011). 
These studies also demonstrated an increase in the phos-
phatidylcholine content, a lipid responsible for promoting 
less fluidity in tumor cells membranes. Lladó et al. (2014) 
reported lipid composition changes in different tumors. One 
of the changes is in the ceramide content. Ceramide is a pro-
apoptotic lipid whose concentration is inversely associated 
with tumor progression. Ceramide’s low concentration is 
also related to high ganglioside expression due to immuno-
suppressive activity and angiogenesis promotion.

The cholesterol accumulation shown in Fig. 2b is closely 
related with the increase in cell cycle progression and 
tumor growth (Llado et al. 2014). Li et al. (2006) evidenced 
a primary role of cholesterol in the lipid raft stabilization 
in epithelial tumors, and when these were removed, lipid 
modulation resulted in inhibition of the AKT signaling path-
way culminating in reduced cell proliferation that prevented 
tumor progression. Thus, the modulation found in tumoral 
membranes caused by the increase in saturated lipids lead-
ing to lower fluidity may suggest that phosphatidylcholine 
and cholesterol are factors responsible for affecting sensitiv-
ity to chemotherapy and the increase in tumor aggressive-
ness (Hilvo et al. 2011). Such changes observed in the lipid 
composition of tumor membranes in relation to the control 
have already been pointed out as possible biomarkers for 
oral cancer (Bednarczyk et al. 2019).

Our previous study found a significant decrease in eryth-
rocyte total phospholipid content in patients with head and 
neck squamous cell carcinoma (0.06 nmol Pi/μL) as com-
pared to erythrocytes in healthy subjects (0.065 nmol Pi/
μL). There was also a significant decrease in the erythrocyte 
cholesterol concentration of cancer patients (0.04528 μg/μL) 
as compared to the control group (0.093 μg/μL) (De Souza 
Gonçalves et al. 2020).

These results help to elucidate the effects and damages 
in a patient’s red blood cells caused by the onset of this 
type of cancer. The decrease in both the content of total 
phospholipids and cholesterol in red blood cell mem-
branes of patients affected by HNSCC was observed. This 

Fig. 6  Gluthatione defense 
in healthy and tumor tissues 
homogenates. a Glutathione 
peroxidase catalytic activity. 
b GSH content. *Significant 
difference relative to the control 
group (*p < 0.05); n = 20. All 
experiments were performed 
in triplicate and the error bars 
represent the SEM
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modulation, different from that observed in tumor tissue, can 
be explained by the loss of phospholipids and cholesterol 
from the membrane due to the attack by free radicals, with 
the high metabolism of cancer cells generating the increase 
in these species. Their increase leads to the breakdown of 
these molecules leading to their depletion from the mem-
brane, indicating that tumor initiation is related to secretions 
that are harmful to tissues other than those affected by the 
tumor.

Na, K-ATPase, a multifunctional protein, plays different 
roles in cell viability, such as maintenance of intracellular 
homeostasis, cell junctions, adhesion, motility, and signal 
transduction (Li et al. 2017; Sunol et al. 2011). Studies 
report a large increase in activity and overexpression of the 
α1 subunit of this enzyme in lung cancer (Mijatovic et al. 
2007), renal cell carcinoma (Seligson et al. 2008) and glio-
blastoma (Lefranc et al. 2008). Regarding HNSCC, Chaves 
et al. (2014) revealed that 28% of oral squamous cell car-
cinoma (OSCC) patients had diffuse α1 subunit expres-
sion and 55% were β1 positive. It was also seen that when 
SCC-25 cells (oral squamous cell carcinoma cells) were 
treated with 1 μM digoxin (a cardiotonic steroid inhibitor 
of Na, K-ATPase) cell shrinkage, normal nuclear loss and 
decreased cell proliferation occurred. At a dose of 250 nM 
of the same drug, a decrease in cell viability was observed 
showing that this enzyme may be important for cell main-
tenance. The increases in enzymatic kinetic activity and 
in membrane expression levels (Fig. 3) in HNSCC tumor 
(Fig. 4) found in this study were also reported in other stud-
ies. Using the microarray technique, Zhuang et al. (2015) 
evidenced the effects of inhibiting α1 subunit expression in 
several genes associated with the cell cycle and metabolism 
of hepatocellular carcinoma cells. This promotes great oxi-
dative stress caused by intracellular accumulation of ROS, 
which inhibits cell growth due to DNA damage. This whole 
process leads to the induction of apoptosis or cell cycle stop-
page by activating the checkpoints. Mijatovic et al. (2007) 
also reported a remarkable reduction in lung cancer cell pro-
liferation and migration when treated with the semisynthetic 
cardiotonic steroid UNBS1450 that has high affinity for the 
α1 subunit of Na, K-ATPase. This promotes cytoskeleton 
actin fiber disorganization. Therefore, the α1-subunit can be 
considered a promising target in anticancer therapy, given 
its increased expression and performance in several intramo-
lecular targets observed in different types of human cancers. 
Also, the increase in the expression of α1-subunit may be 
associate with HNSCC development.

Tumor cells exhibit different sensitivities to oxidative 
stress compared to normal cells. In the carcinogenesis pro-
cess there is a change in antioxidant enzymes benefitting the 
progression of the tumor. SOD activity alteration in tumor 
development is not fully elucidated, but its decrease shown 
in Fig. 5a has also been reported in other tumor types, such 

as laryngeal cancer (Seidman et al. 1999). Burdon (1995) 
described that the superoxide anion at high concentrations 
in tumor cells can act as a second messenger by interacting 
with specific receptors or redox signal transduction mol-
ecules that are related to cell proliferation or metastasis, such 
as, protein kinases, phosphatases, transcription factors or 
inhibitors of the transcription factor.

Some studies suggest that the increase in intracellular 
 H2O2 concentration as was shown in Fig. 5b plays a key role 
in the development of the tumor cell characteristics (Lopez-
Lazaro 2007; Polytarchou et al. 2005).  H2O2 is involved in 
DNA damage mediated by the hydroxyl radical produced by 
Fenton’s reaction (Park et al. 2005), mutations and genetic 
instability (Hunt et al. 1998; Pericone et al. 2002), cell pro-
liferation (Polytarchou et al. 2005), resistance to apopto-
sis (Brown et al. 1999), increased angiogenesis (Qian et al. 
2003) and invasion and metastasis (Polytarchou et al. 2005). 
Klaunig et al. (2004) demonstrated that, although ROS are 
essential in tumor cell development, their excessive produc-
tion can be harmful and lead to cell death, so the increase in 
catalase activity (Fig. 5c) can be considered as a mechanism 
of  H2O2 level regulation, preventing intense damage to the 
cell and activation of apoptotic pathways.

Dequanter et al. (2017) evidenced that in several types 
of HNSCC there is a reduction in GPx expression levels. 
Walshe et al. (2007) found that reduction in GPx activity and 
expression in squamous cell cancer is due to the high  H2O2 
concentration. Therefore, the results presented in Fig. 6a 
corroborate these findings. High levels of  H2O2, may lead to 
momentary GPx activity inactivation that is responsible for 
its degradation, confirming the role of  H2O2 as an intermedi-
ary in the process of carcinogenesis. On the other hand, the 
increase in GSH metabolism (Fig. 6b) has been correlated 
with high tumor aggressiveness, since in conjunction with 
catalase activity, they are responsible for maintaining the 
ROS levels under conditions that are favorable for develop-
ment and progression of tumor cells.

The consumption of alcohol and tobacco (Boffetta and 
Hashibe 2006; Hashibe et al. 2009) both alone or combined 
is closely associated with the development of HNSCC 
(Hashibe et al. 2009). In addition to the oxidative stress in 
this type of cancer caused by the prolonged use of alcohol 
and tobacco (Catalá 2009), chemotherapy and radiother-
apy are also involved in the production of reactive-oxygen 
species (ROS), which also occurs in other types of cancer 
(Huang and Pan 2020).

Our findings are important because they reveal a pattern 
of oxidative stress that is not related to chemotherapy or 
radiation therapy. Different levels of ROS and their actions 
on tumor tissue and safety margin were observed, reveal-
ing behavior restricted to cancer. Because the tumor and 
safety margin samples compared in this study were obtained 
from the same patient, smoking and alcoholism have the 
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same impact on both regions collected, making it possible 
to hypothesize that the observed oxidative state is largely a 
result of tumor development. These results reveal an inef-
ficiency of the antioxidant system in combatting the action 
of ROS in tumor tissue. This, associated with the high for-
mation of hydrogen peroxide, shows an undeniably close 
connection between damages suffered by the erythrocytes of 
patients affected with HNSCC (De Souza Gonçalves et al. 
2020) and tumor initiation (Fig. 7).

Conclusion

The findings in this study demonstrate that for the develop-
ment and progression of HNSCC tumors, complex biochem-
ical alterations are necessary. Tumor cells alter the dynam-
ics and biophysics of their membranes and the activity and 
expression of several proteins through ROS that provide sig-
nificant advantages against therapeutic intervention. These 

results together with our previous findings of alterations that 
occur in erythrocyte membrane of patients with HNSCC, 
more efficiently illustrate the effects of the onset of HNSCC 
in the tissue and blood of the patients, since the subjects 
were the same in both studies. Therefore, it is possible to 
consider that the changes observed in patients, can be used 
as a possible biomarker for diagnosis and development of 
new therapies for HNSCC.
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