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Abstract

Head and neck squamous cell carcinoma (HNSCC) is a heterogeneous and complex disease, both from a clinical and molecu-
lar point of view. The prolonged use of alcohol and tobacco, along with the release of tumor secretions can modulate blood
cells, such as erythrocytes. Here, this study was conducted with 24 patients diagnosed with HNSCC and an equal number
of healthy individuals are matched by age and gender. The levels of lipid peroxidation were measured using the individual
plasma, while for lipid concentrations, identification and quantification Na, K-ATPase activity and osmotic fragility, the red
blood cell concentrate were used. The release of TBARS was significantly higher in patients with HNSCC. The lipid profile
assays demonstrated a rearrangement of the erythrocyte membrane due to a decrease in total phospholipids and phosphati-
dylethanolamine followed by an increase in total cholesterol and phosphatidylcholine. Na, K-ATPase activity also increased.
Erythrocytes were more fragile in patients with HNSCC than in health individuals. Therefore, the membrane of erythrocytes
were rearranged and Na, K-ATPase function altered in the HNSCC patients. Our findings suggests that the alcohol, tobacco
and tumor secretion modulate in a specific manner that the erythrocytes membranes of these patients making this system a
potential tool for HNSCC biomarker of tumor progression.
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Introduction

Worldwide, about 600,000 cases of head and neck squa-
mous cell carcinoma (HNSCC) are diagnosed each year,
occupying the sixth position among the various types of
tumors and accounting for 4% of all cancer deaths in the
world (Ferlay et al. 2015). The main risk factors associated
with HNSCC are alcohol and tobacco consumption (Boffetta
and Hashibe 2006; Hashibe et al. 2007) and the combined
use of these factors has great relevance in the developing
of this malignant neoplasia (Hashibe et al. 2009). In the
context of HNSCC beyond the oxidative stress provoked by
the prolonged used of alcohol and tobacco (Catala 2009),
it is important to mention that a wide variety of different
cancers, chemotherapy and radiotherapy are also involved
with reactive oxygen species (ROS) production (Huang
and Pan 2020). The high concentration of these molecules
is extremely damaging to the cell, since ROS can interact
with different molecular targets, such as membrane lipids,
specifically those with unsaturated fatty acids, causing lipid
peroxidation (Valko et al. 2006). The products of lipid per-
oxidation are responsible for causing large structural and
functional changes in the cell membrane, such as decreased
fluidity, increased of the permeability and inactivation of
the membrane integrated enzymes together with the loss of
essential fatty acids (van Ginkel and Sevanian 1994).

Fluidity of biological membranes is mainly determined
by their lipid composition. Cholesterol plays a key role in
maintaining the lipid bilayer in an intermediate fluid state,
regulating the mobility of phospholipids. However, the
molar ratio of cholesterol/phospholipids, is not the only fac-
tor responsible for maintaining fluidity; the composition of
the phospholipids, the length and degree of unsaturation in
the phospholipid chains are also part of this complex system
of membrane stability (Kolanjiappan et al. 2002).

ROS attacks increased the permeability by lipid peroxida-
tion or oxidation of proteins, such as Na, K-ATPase (Maturu
et al. 2013). Currently, the intracellular sodium concentra-
tion has been demonstrated to promotes cellular invasion
and migration. Thereby, alterations in the Na, K-ATPase
by oxidative stress can interfere in the intracellular sodium,
making this enzyme other interesting target for metastasis
biomarker (Poku et al. 2020).

The majority of cases of HNSCC are diagnosed at an
advanced stage, when treatment is more aggressive and mul-
timodal. Due to its complexity, HNSCC should be studied
beyond the genetic and common signal pathways. Having
said that, there is an urgent demand for the development of
fast, accurate and non-invasive tools for cancer screening,
early detection, diagnosis, staging and prognosis.
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It was demonstrated that breast cancer can send a par-
acrine signal to stroma cells causing an epigenetic regula-
tion of LINE-1 classified as an important metastasis cancer
biomarker (Puttipanyalears et al. 2016). Recently, Aray-
ataweegool et al. (2020) showed that HNSCC cells secre-
tions alter the peripheral blood mononuclear cells (PBMCs)
mRNA expression and supported the hypothesis of cancer
secretion can affect and modified other tissues as blood cells.

Therefore, we hypothesize that the secretions and the
oxidative stress generated by HNSCC can change the eryth-
rocyte membrane altering the lipid pattern and enzymes
function, such as Na, K-ATPase. The role of erythrocytes
membranes as a target of the damage caused by ROS and
other secretion produced by tumors has become a promising
way to develop a method of assessing tumor progression.

Materials and Methods
Subjects

Twenty-four newly diagnosed patients (21 men and 3
women) with biopsy-proven head and neck squamous cell
carcinoma, registered at the Department of Oncology at
the Sao Jodao de Deus Hospital/Geraldo Correa Foundation
(HSJD/FGC) located in Divindpolis, state of Minas Gerais,
were recruited for this study. Seventeen of these patients
were smokers (15 men and 2 women), all of whom reported
heavy smoking for at least 16 years. Eighteen patients
reported being alcoholics (17 men and 1 woman), of whom
three reported drinking socially and the others reported
drinking every day and in large quantities. All the patients
were smokers and/or alcoholics, except for one male patient
who reported no smoking. The average amount in years for
smoking was 36 years, ranging from 16 to 70 years cultivat-
ing the habit. With regard to alcoholism, the average in years
for the habit was approximately 36 years, ranging from 19
to 64 years. Regarding the histopathological results, eight
patients had well-differentiated squamous cell carcinoma
(SCC), fifteen patients with moderately differentiated tumors
and one received a diagnosis of poorly differentiated tumor.
Only three main sites were found during the study, namely
oral mucosa, tongue and larynx.

Twenty-four healthy individuals free of any hematologi-
cal disease were included in the control group, seventeen
men and eight women with an average age of 50.5 years
ranging from thirty-two to seventy years. None of them
reported being a smoker, however, eight of them (5 men
and 3 women) said they drink socially with a maximum
frequency of twice a month. Individuals were recruited
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from within the university, including students and campus
staff. It is noteworthy that a free and informed consent
term was applied to all involved in the research (Ethics
Committee Approval 07004713.9.0000.5545). The data
cited above are described in Table 1.

Collection of Samples

Patients’ blood samples were taken at the time of tumor
removal surgery. The volume collected was ten milliliters
(10 mL) of venous blood in EDTA directly into properly
identified Vacutainer system tubes (Becton Dickinson).
These were stored in thermal boxes at 2 to 6 °C and sent
for testing at the Laboratory of Cellular Biochemistry of
the Federal University of Sao Joao del Rei, West Campus,
Dona Lindu. The samples were centrifuged at 3000 rpm to
separate the plasma from the red blood cells. For control,
blood samples from healthy individuals of the same sex
and age of the patients were used. Biochemical estimations
were carried out immediately. All the estimations in cancer
and control samples were performed in concurrently. None
of the subjects included in the study were on any medi-
cal treatment. It is noteworthy that a free and informed
consent term was applied to all involved in the research
(Ethics Committee Approval 07004713.9.0000.5545).

Thiobarbituric Acid Reactive Substances (TBARS)
Quantification

200 pL of plasma were mixed with 2 mL of a solution con-
taining 15% trichloroacetic acid, 0.38% thiobarbituric acid
and 0.25 N hydrochloric acid. The mixture was incubated
at 100 °C for 30 min and after a 10 min centrifugation at
3000 rpm, the absorbance was measured at 535 nm in a
spectrophotometer according to the method described by
Costa et al. (2006) and is expressed as pumol of TBARS/L.

Lipid Extraction

Lipid extraction was based on the methods described by
Rose and Oklander (1965) and Vokurkova et al. (2005).
Initially, 1 mL of the red blood cells (control and patient)
were placed in separate tubes and washed with 0.9% NaCl.
After washing, the supernatant was discarded and 10 mL of
distilled water was added, the contents were stirred for 10 s,
then left at rest for 30 min. Subsequently, 20 mL of isopro-
panol was added under high stirring and then allowed to
stand under occasional stirring for one hour. Finally, 30 mL
of chloroform was added under stirring, then kept at rest for
one hour in an ice bath and centrifuged at 4 °C for 15 min at
800xg. The organic phase was collected, dried on an evapo-
rator and the samples were dissolved in 1 mL of chloroform
and stored at—20 °C.

Table 1 Number of HNSCC

. . . Characteristics
patients participated in the

No. of patients No. of control

study organized by clinical
characteristics

Patients or control
Male/female
Age (years) (range)
Smokers

Male

Female

Duration of habit (years) (range)
Alcohol use

Male

Female

Duration of habit (years) (range)
Grade

I (well- differentiated SCC)

II (moderately differentiated SCC)

III (poor-differentiated SCC)
Tumor location

Buccal mucosa

Tongue

Larynx

24 24
21/03 17/8
59.30+11.08 (39-84)* 50.5+10.44 (32-70)*

15 0
2 _
36+12.34 (16-70)* -

17 5
1 3
3598 +11.79 (19-64)* -

15

5
11
8

“Data represented by mean and standard deviation (sd)
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Quantification of Total Phospholipids

Total phospholipids quantification was performed using the
method described by Chen et al. (1956). A 50 pL aliquot
of the lipid extract samples was dried under nitrogen and
hydrolysed with 0.5 mL of nitric acid 65% (v/v) at about
120 °C. Following, 0.5 mL of distilled water and 1.0 mL of
Chen’s reagent were added to the sample, that was main-
tained in a 45 °C water bath for 20 min and then subjected to
spectrophotometric analysis at a 820 nm wavelength.

Determination of Cholesterol Content

Cholesterol content determination was performed according
to Maia et al. (2014), based on the complexation of ferric
chloride (FeCl;-6H,0) with cholesterol in an acidic medium.
A volume of the 0.375 mL of acetic acid and 0.25 mL of
ferric chloride reagent (2.5% w/v FeCl; in 85% w/v H;PO,
in H,SO,, 8% v/v) were mixed with the samples. A pink
coloration appeared after 20 min, and quantified at 550 nm
in a spectrophotometer.

Membrane Lipids Analysis and Identification

Lipid analysis and identification was performed by thin
layer chromatography (TLC), with silica gel as the station-
ary phase. Two standards were used to confirm the presence
of the respective phospholipids in the extract, PC and PE.
Chloroform/methanol/ammonium hydroxide 65:35:5 (v/v),
was the mobile phase using for the TLC. Subsequently, the
plate was dried and developed with iodine vapors and photo-
graphed for quantification. Phospholipids quantification was
done using the ImageJ program, in which the measurement
of the area and the intensity of the stain obtained through
chromatography was converted to the concentration of Pi
nmols through a standard curve of PC and PE of known
concentrations (Dyriska-Kukulska and Ciesielski 2012).

Hemoglobin-Free Erythrocyte Membrane
Preparation (Ghost)

Human plasma erythrocyte membrane preparation (Ghost)
was performed by the method described by Sousa et al.
(2015). Red blood cells were isolated from whole blood
by centrifugation at 6000xg for 17 min at 4 °C. Then they
were resuspended in buffer (20 mM Tris—HCI, pH 7.4,
130 mM KCI and protease inhibitor PMSF 0.6 mg/mL) and
centrifuged at 6000xg for 17 min at 4 °C. The pellet was
rapidly frozen in liquid nitrogen, then thawed at room tem-
perature and resuspended in buffer (5 mM Hepes, pH 7.4,
1 mM EDTA and 0.6 mg/mL PMSF) and centrifuged again
at 8000xg for 17 min at 4 °C. This step was repeated four
times, the last wash being done in the absence of PMSF and
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EDTA. After each buffer wash, the samples were homog-
enized in a Potter type tissue homogenizer and after each
centrifugation the supernatant was discarded. The pellet
obtained was resuspended in buffer (Hepes pH 7.4) and cen-
trifuged at 8000xg for 17 min at 4 °C. The supernatant was
discarded again and the pellet resuspended in buffer (10 mM
Tris—HCI, pH 7.4, 130 mM KCI, 0.5 mM MgCl, and 50 pM
CaCl,) and centrifuged at 8000xg for 17 min at 4 °C.

Total Protein Determination

The Bradford method was using for quantified the protein
content of the membrane samples (Bradford 1976).

Na, K-ATPase Activity Determination

Erythrocyte plasma membranes (20 pg of protein) were
added to ATPase Buffer [120 mM NaCl, 2 mM MgCl,,
20 mM KCl, 50 mM HEPES, (pH 7.5)] and incubated at
37 °Cfor 1 h with 3 mM ATPNa, to start the reaction. Spe-
cific Na, K-ATPase activity was calculated from the differ-
ence in the amount of inorganic phosphate released by the
enzyme in the absence and presence of 1 mM ouabain. After
60 min, 100 pL of 1% SDS was used to stop the reaction.
The hydrolysis of ATP caused by the activity of the enzyme,
produced the inorganic phosphate measured at 660 nm, as
described by Fiske and Subbarow (1925).

Osmotic Fragility Determination

The test for osmotic fragility in erythrocytes was adapted
from the methodology of Parpart et al. (1947). This test is
based on hemolysis resistance measurement of cells in hypo-
tonic solutions of NaCl. Initially, a 2.475 mL NacCl solution
at concentrations of 0.1-0.9% was added in test tubes and
then 25 pL of the red blood cell concentrate were also added.
The tubes were mixed and placed in a water bath at 37 °C for
30 min. These were then centrifuged for 15 min at 1500 rpm,
the supernatant was removed and spectrophotometric read-
ing was done at 540 nm.

Statistical Analysis

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

TO study the effects of tumors on the morphological altera-
tions of patients’ erythrocytes, we first analyzed the mem-
brane damage caused by the production of free radicals
through lipid peroxidation. The method consists in the quan-
tification of TBARS produced as a byproduct of this reac-
tion using the study participant’s plasma. Figure 1 shows the
levels of plasma TBARS in healthy individuals and patients
with HNSCC. The extent of lipid peroxidation as evidenced
by the significantly increased in the patients with HNSCC
(0.1994 +0.01129 umol TBARS/L) when compared to the
healthy individuals (0.1378 +£0.006396 umol TBARS/L),
indicating that the erythrocytes of these patients were suf-
fering membrane damage.

Erythrocyte Membrane Total Phospholipid
and Cholesterol Content Determination

Figure 2 shows the concentrations of total phospholipid
and cholesterol in the erythrocyte membrane of healthy
subjects and patients with HNSCC. The phospholipids
content observed in Fig. 2a, was measured from the cell

Fig. 1 Lipid peroxidation deter-
mination in healthy individuals
and in patients with HNSCC.
Determination was performed
by the quantification of TBARS
produced in the patients’
plasma. ***Significant differ-
ence in relation to the control
group (p<0.0001); n=24. All
experiments were performed

in triplicate and the line in bars
represented the mean and the
error bar denotes SEM

0.3-

umol TBARS/L

lipid extract organic phase quantification the phosphate
amount released after acid hydrolysis of lipids. A reduction
in total phospholipid content in the patients with HNSCC
(0.7037 +0.05901 nmol Pi/uL) was found when compared
to the healthy individuals (1.304 +0.06530 nmol Pi/uL).
For the total cholesterol content (Fig. 2b), a contrary pro-
file was observed, a significant increase in HNSCC group
(1.248 £0.08072 pg/uL) in relation to the control group
(0.9543 +0.07867 pg/uL).

PC and PE Quantification and Identification

Distribution in the erythrocyte bilayer occurs in a very
organized way. The extracellular portion of the membrane
has predominantly a higher content of sphingomyelin and
PC while in the intracellular portion the presence of phos-
phatidylserine and PE is higher (Dynska-Kukulska and
Ciesielski 2012). The analysis and identification of the
main phospholipids constituting the erythrocyte membranes
were performed using two phospholipids as standards, PC
and PE. When analyzing the content of PC (Fig. 3a) in the
lipid extracts there is a significant increase in the HNSCC
group (45.01 +1.404%) when compared to the control group
(40.83 +£0.9029%), as for PE (Fig. 3b) the opposite is found,
there is a significant reduction in its concentration in the

ok
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Fig.2 Lipid content determina-
tion in erythrocyte membranes
of healthy individuals and
patients with HNSCC. a Total
phospholipids. b Total choles-
terol. ****Sjgnificant differ-
ence in relation to the control
group (¥*p <0.05; ***¥p <0.001);
n=24. All experiments were
performed in triplicate and the
line in bars represented the
mean and the error bar denotes
SEM
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Fig.3 Phosphatidylcholine (a)
and phosphatidylethanolamine
(b) lipid contents in the eryth-
rocyte membranes of healthy
individuals and patients with
HNSCC is presented as percent-
age of total phospholipids. *Sig-
nificant difference in relation

to the control group (p <0.05);
n=15. All experiments were
performed in triplicate and the
line in bars represented the
mean and the error bar denotes
SEM
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HNSCC group (20.43 +1.034%) when compared to the con-
trol group (24.00+0.9635%).

Na, K-ATPase Activity
After verifying the erythrocyte membrane damage caused
by lipid peroxidation, we analyzed the Na, K-ATPase activ-

ity, one of the main enzymes related to the maintenance of
erythrocyte homeostasis (Khoshbin et al. 2015). Figure 4
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Fig.4 Na, K-ATPase activity in erythrocyte membrane preparations
of healthy individuals and patients with HNSCC. **Significant dif-
ference in relation to the control group (p <0.01); n=20. All experi-
ments were performed in triplicate and the line in bars represented
the mean and the error bar denotes SEM

Fig.5 Osmotic fragility

shows a significant increase in the enzyme activity in the
group with HNSCC (4.189 +0.4860 nmol Pi/min/ug protein)
in comparison to the control group (2.591 +0.3432 nmol Pi/
min/pg protein).

Osmotic Fragility Evaluation

Figure 5 shows the red blood cell osmotic fragility curves in
patients with HNSCCC and healthy individuals. It was possi-
ble to observe that in the HNSCC group (51.9279+6.778%)
were increased osmotic fragility when compared to the con-
trol group (1.187 £0.5192%), indicating greater sensitivity
of these cells in hypotonic medium. This increase in fragility
was significant in the saline solution at 0.5%, indicating a
greater lysis of red blood cells.

Discussion

At this time, it is extremely important to seek not only new
therapies for the treatment of HNSCC, but also to reinforce
the search for biomarkers that assist in monitoring patients.
Currently, there are no validated biomarkers for diagnosis
of new, persistent or recurrent HNSCC, and the evaluation
of patients’ blood can be an excellent alternative, since the
sample is accessible and non-invasive, avoiding the need
for biopsies. It has recently been shown that changes in
phospholipids in the erythrocyte membrane and changes in
rheological properties during the development of cancer can
serve as biomarkers in the diagnosis of this pathology (de
Castro et al. 2008; Sanchez-Rodriguez et al. 2015). Thus, in
our study, we sought to investigate changes in the lipid and
enzymatic profile that occur in erythrocytes in patients with
HNSCC that can act as a new strategy for the non-invasive
diagnosis of this type of cancer.
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It is increasingly evident that potentially important
cytotoxic agents in the etiology of cancer are generated
primarily by the interaction of ROS. Thus, currently the
antioxidant system and lipid peroxidation products are
being increasingly studied (Frijhoff et al. 2015). ROS
have the ability to diffuse from where they are produced
in tumor cells and their effects can be quantified in blood
(Abou-Seif et al. 2000). HNSCC patients have an aggra-
vating factor, in addition to the free radicals produced by
the tumor, it is already described that prolonged expo-
sure to alcohol in conjunction with tobacco (Table 1), is
directly associated with overproduction of ROS and reac-
tive nitrogen species (RNS) potentiating oxidative stress
in the organism. Lipid peroxidation has the ability to cause
major cellular changes, such as depolarization of the lipid
bilayer, modification in the structural organization of the
membrane lipids, reflecting on the fluidity of the mem-
brane, and consequently, on the physiological functions of
erythrocytes (Catala 2009). Therefore, due to its great del-
eterious potential, our group evaluated the lipid peroxida-
tion indices in erythrocytes of patients with HNSCC. The
increase in the lipid peroxidation indexes found in patients
with HNSCC (Fig. 1) is directly associated with the con-
tent of membrane lipids, since larger amounts of poly-
unsaturated fatty acids are found (Eritsland 2000), which
favors ROS attack. Our data corroborate with Pretorius
et al. (2013) which reported increased erythrocyte lipid
peroxidation in smokers, Maturu et al. (2010) in chronic
alcoholics, in addition to the data published by Abou-Seif
et al. (2000) showing increased erythrocyte lipid peroxi-
dation in patients with lymphoma and Kolanjiappan et al.
(2002) also found this increase, however in patients with
cervical cancer.

Lipids play multiple roles in biological membranes, pro-
moting the ideal spatial arrangement necessary for enzy-
matic activity and membrane-bound proteins and maintain-
ing polarity, essential for various cellular events (Bulle et al.
2017). It has already been described that the physicochemi-
cal properties of plasma membranes are partially determined
by concentration and composition of phospholipids, phos-
pholipid fatty acid pattern, cholesterol content and the pres-
ence of other neutral lipids (Knapp et al. 1994; Padmavathi
et al. 2010). Rodrigo et al. (2007b) demonstrated that human
erythrocytes are mainly composed of monounsaturated and
polyunsaturated fatty acids, which make them vulnerable to
ROS attacks due to the susceptibility of unsaturated fatty
acids to lipid peroxidation. Our findings support the idea
that the decrease in total phospholipids (Fig. 2a) found in
patients with HNSCC is due to oxidative stress generated by
the consumption of alcohol and tobacco, potentiated by the
presence of the tumor, culminating in attacks on erythrocyte
membranes and consequently in lipid losses, compromising
membrane functionality.

The increase in total cholesterol in red blood cells
(Fig. 2b) was also reported in some studies (Bulle et al. 2017,
Cooper 1977; Gut et al. 1985; Padmavathi et al. 2010) indi-
cating that this increase results certain adaptive alterations
cause in loss of membrane fluidity of these cells. Manoharan
et al. (2004), demonstrated that patients with uterine cervix
cancer had accumulated cholesterol in erythrocyte mem-
branes, causing a change in the surface area of these cells
that led to a distortion in their form. Thus, changes in choles-
terol and total phospholipid contents observed in the results
shown, lead to a modulation of membrane fluidity and may
influence ion transport, the activity of membrane integrated
enzymes, altering cellular homeostasis and membrane per-
meability (Esmann and Marsh 2006; Katyukhin et al. 1998;
Rodrigo et al. 2007a; Wheeler and Whittam 1970).

It is described that the growth of malignant tumors is
closely related to modulations in the lipid profile of erythro-
cyte membranes (Stepovaya et al. 2003b). In Fig. 3, we dem-
onstrated the occurrence of a rearrangement in membrane
lipid composition in an attempt to maintain its integrity after
lipid peroxidation is evident. However, a higher concentra-
tion of cholesterol (Fig. 2b), together with PC (Fig. 3a) and
a decrease in PE (Fig. 3b) causes erythrocyte membranes
to become more rigid due to lower fluidity, decreasing their
microviscosity and consequently loss of their functionality.
Among the few reports in relation to head and neck cancer
Stepovaya et al. (2003a), demonstrated the same change in
lipid composition in terms of PC and PE fractions in eryth-
rocytes of patients with HNSCC. Our data also corroborate
with Schnitzer et al. (2007) which reported that lipid per-
oxidation alters packaging and polarity of membrane lipids,
promoting a variety of changes in physical properties, such
as microviscosity alteration, lateral lipid diffusion and fluid-
ity and variation of some phospholipids.

Rheological changes are commonly found in cancer, how-
ever, there are very few reports addressing these changes in
patients with HNSCC. In our work, we observed that the red
blood cells of patients with HNSCC had an altered fluidity,
and possibly, the erythrocyte architecture was also impaired,
modifying their rheological properties, causing loss of elas-
ticity and the ability to maintain the discoid shape, mak-
ing it difficult its passage through narrow capillaries which
can lead to thrombotic events (Amézaga et al. 2018; Dumez
et al. 2004). Although most of these changes are caused by
mechanisms that are not fully understood, it has been dem-
onstrated that the degree of these changes in certain tumors
is related to the stage of cancer, metastatic events and the
prognosis of the disease (Amézaga et al. 2018). Thus, the
monitoring of blood viscosity determinants could act as a
molecular marker in the progression of HNSCC.

Regarding Na, K-ATPase (Fig. 4), we found a signifi-
cant increase in its activity in the HNSCC group in relation
to the control, where two mechanisms can be involved.
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This increase may be related to changes in the lipid profile
found in the microdomain where the enzyme is inserted;
the higher concentration of PC (Fig. 3a) and cholesterol
(Fig. 2b) in the erythrocyte membrane are the main fac-
tors of this, since the enzyme has a binding site for these
lipids that are related to their activation. Habeck et al.
(2015) revealed that phospholipid and cholesterol bind-
ing occurs at specific enzyme sites and that the catalytic
activity is dependent on these specific interactions. The
second mechanism for the changes found in Na, K-ATPase,
may represent a direct kinetic adaptation to the effects of
lipid peroxidation on the membrane, since the erythrocytes
of patients with HNSCC are more permeable, leading to
an ionic imbalance, responsible for modify intracellular
conditions promoting hypoosmotic stress, so in an attempt
to counteract passive ions leaks, the enzyme’s activity is
increased. Koc et al. (2014) also found an increased Na,
K-ATPase activity in erythrocytes of patients with lung
cancer.

It has been reported that tobacco contains a large amount
of ROS (Church and Pryor 1985) and it is well established
that oxidative stress provokes the lipid peroxidation of the
cellular membrane. Peroxidation of membrane proteins and
lipids has been assumed to be a major mechanism of oxida-
tive damage leading to membrane dysfunction and conse-
quently alterations in cellular functions (Hernandez et al.
2016). A study demonstrated that the Na, K-ATPase is a
target of cigarette smoke and a reduced expression of this
enzyme was found in a patient with lung cancer (Huynh
et al. 2012). In addition, other study showed that alcohol
consumption cause a rise of nitric oxide (NO) production
leading to increased lipid peroxidation and decreased the
activity of Na, K-ATPase (Maturu et al. 2010). Differently,
in our study an augment of Na, K-ATPase of erythrocytes
was described, suggesting that something more than the
use of alcohol and tobacco interferes with the function of
Na, K-ATPase. However, the correlation between oxidative
stress and membrane properties is not understood fully in
alcoholism and tobacco use, then further studies should be
conduct to analyse the membrane properties in this group.

As observed in Fig. 5, the erythrocytes of HNSCC
patients are more sensitive to hemolysis. We suggested that
the increase of osmotic fragility in cancer patients is a con-
sequence due to the damage mentioned above, in which the
products of lipid peroxidation attack the erythrocyte mem-
brane leading to changes in concentration and disposition
of phospholipids and cholesterol fundamental to maintain
fluidity, forming pores that increase cell permeability and
subsequent lysis. Other factors that may cause increased
osmotic fragility, such as alteration of endogenous antioxi-
dant synthesis and external chemical agents, such as ciga-
rette and alcohol, substances frequently used by patients
with HNSCC, which lead to a decrease in erythrocytes
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average life in these patients that are already debilitated due
to neoplasia (Dobrossy 2005).

The modification of the lipid composition of membranes
has been suggested as a possible marker of tumor progres-
sion, especially with regard to metastatic ability (Skotland
et al. 2020). In addition, changes in intracellular sodium con-
centration have been linked to invasion and migration. Thus,
a recent review addressed the measurement of intracellular
sodium as a robust tool to assist in assessing the evolution
of various cancers (Poku et al. 2020). Although these stud-
ies were performed in situ, others research postulate that the
tumor can cause modification in blood cells. Recently was
shown that patients with HNSCC have two times more the
levels of MDA in plasma comparing to healthy individuals
(Aksoy and Kurnaz 2019). Other study showed the levels
of 8-Hydroxy-2'-deoxyguanosine was increased in tumor
but not in non-tumor tissue, and was also increased in the
blood and urine comparing with health subjects (Mazlu-
moglu et al. 2017). Considering the fact that tumors can
secrete molecules that will have action in other tissues such
as blood cells (Arayataweegool et al. 2020), these findings
together, allowed us to suggest that the lipid composition of
the membrane and alteration of Na, K-ATPase function of
erythrocytes present a potential use as a biomarker of head
and neck cancer progression.

Most importantly, our results indicate that the membrane
lipid profile and Na, K-ATPase function from HNSCC
patients erythrocytes is altered by alcohol, tobacco use and
tumor presence. Further studies are need to examine the
alcohol and tobacco effect without tumor to better under-
stand the tumor action on this system and reinforce the
potential of erythrocytes membrane as a HNSCC biomarker.

Conclusion

Our results suggest that alcohol and tobacco use and tumor
secretion are able to alter the lipid profile and Na, K-ATPase
function of erythrocytes in patients with HNSCC compared
to healthy subjects. The combination of several factors, such
as elevated levels of TBARS, changes in the content of phos-
pholipids, cholesterol, PC and PE result in loss of fluidity
membrane, promoting an increase in permeability, and con-
sequently, makes erythrocytes more sensitive to hyposmotic
stress. Thus, the erythrocyte changes found in this study
could act as a new approach for non-invasive diagnosis of
this type of cancer. Due to the dismal prognosis of advanced
HNSCC, these new findings highlight the strong potential of
erythrocytes as a non-invasive tumor progression biomarker.
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