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Introduction

The second leading cause of death worldwide is 
oncological diseases [1]. Among endocrine tumors, thyroid 
tumors are the most common. In Georgia, malignant 
tumors are the second most prevalent, according to the 
National Center for Disease Control and Public Health of 
the Ministry of Labor, Health and Social Protection [2]. 
The rise in thyroid cancer cases may be due to worsening 
environmental conditions, such as an increase in radiation 
exposure. This growing global problem makes cancer 
treatment and prevention one of the most significant public 
health challenges of the 21st century.

For diagnosing neoplasms in the thyroid gland, the 
following examinations are given priority - ultrasound 
examination, fine-needle aspiration biopsy and cytological 
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examination, and determining the level of thyroid 
hormones in the blood serum. Cytological examination 
plays an important role, but it only correctly verifies the 
disease in 77% of cases [1]. This may lead to diagnostic 
errors, which can interfere with choosing the correct 
treatment tactics [3, 4].

Determining the type of neoplasia is the most 
challenging diagnostic issue [5, 6]. Reactive oxygen and 
nitrogen species (ROS, RNS) as an unavoidable product 
of cellular metabolism, are potentially harmful species, 
nevertheless, they are also intracellular signaling molecules 
[7]. Cellular enzymatic and nonenzymatic antioxidant 
systems limit the formation of ROS/RNS or detoxify 
the reactive metabolites. An increase in ROS can induce 
DNA damage, also, through the regulation of different 
cellular signaling pathways and nuclear factors, support 
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the enhanced proliferation of transformed cells increase 
cellular growth, contribute to genomic instability, initiate 
tumorigenesis, and the development of cancer [8]. The 
balance between ROS and antioxidants is maintained by 
activating antioxidant systems or upregulating antioxidant 
gene expression [9, 10]. There is increasing evidence to 
suggest that the tumor suppressor genes are involved in 
the regulation of the cell cycle and other important cellular 
process, such as DNA reparation, replication, transcription 
[11, 12], and the regulation of oxidative stress through 
the upregulation of antioxidant response [13, 14]. This 
upregulation leads to an increase in the expression of 
several genes, including glutathione S-transferases, which 
decrease the levels of ROS [15, 16], and mutation of these 
genes contributes to the intensification of oxidative stress 
and further malignant transformation of the tumor cells.

The purpose of our study was to assess the 
characteristics of oxidative metabolism in patients with 
malignant and benign tumors with and without a family 
history of cancer and identify the marker predicting the 
likelihood of malignancy.

Materials and Methods

We conducted a study on 117 patients with thyroid 
pathology, including thyrotoxicosis, benign tumor 
pathology of the thyroid gland (adenoma, colloid gout), 
and thyroid cancer. These patients underwent treatment 
at LLC “Oncology Scientific Research Center” in Tbilisi, 
Georgia between 2020 and 2021. 

The diagnosis of thyroid pathology was based on 
a physical exam, ultrasound examination, fine-needle 
aspiration biopsy, and determination of thyroid hormone 
levels in the blood serum. The inclusion criteria for 
the study were adenomatous nodules, colloidal nodes, 
and low-differentiated, undifferentiated, and highly 
differentiated cancer of the thyroid gland, as determined 
by cytological examination. Exclusion criteria in the 
study: multiple tumors, autoimmune thyroiditis without 
nodular transformation, or other thyroid gland pathology 
that did not include a nodular transformation in the thyroid 
gland.The patients included in the study are divided 
into 4 groups: Group 1 (control) - 10 healthy people, 
Group 2 - thyrotoxicosis (25 patients), Group 3 - benign 
tumor pathology of the thyroid gland - (57 patients), 
Group 4 - Thyroid cancer (35 patients). According to 
anamnesis data, the patients of Group III were divided 
into 2 subgroups: Group 3a – without a family history of 
cancer (28 patients) and Group 3b - with a family history 
of cancer (29 patients).

Our study plan was approved by the Ethics Committee 
of Tbilisi State Medical University of Georgia. All 
examined persons gave written informed consent for their 
participation in the study; they completed a questionnaire 
concerning general and lifestyle characteristics (e.g. age, 
gender, height, weight, smoking, alcohol consumption), 
as well as personal and family medical history of cancer, 
and provided blood samples during their health checkup. 
Collected blood samples immediately were used for 
analysis in clinical settings. In patients’ blood the thyroid 
hormones content (free Triiodothyronine (fFT3), free 

Thyroxine (fFT4), bound Triiodothyronine (FT3), bound 
Thyroxine (FT4), Thyroid-stimulating hormone (TSH)), 
the intensity of oxidative stress and NOx content, 
geometrical characteristics (volume, thickness, surface 
area) and rheological characteristics of erythrocytes 
(erythrocytes deformability index (EDI), membrane 
proteins content) were determined.

Oxidative stress intensity 
The oxidative stress intensity in the blood samples 

was evaluated according to the total activity of the 
nonenzymatic antioxidant system (TAA) and the lipid 
peroxidation product, malondialdehyde (MDA), content 
in the blood serum.

Total antioxidant activity (TAA) of blood serum
TAA was determined in deproteinized blood 

serum by using the 2.2-diphenyl-1-picryl-hydrazine 
(DPPH)-scavenging assay, adapted by Chrzczanowicz et 
al. [17]. Blood serum samples (1ml) were deproteinized 
by adding 3 ml of acetonitrile and centrifuging them for 
10 min (4°C, 9,500g). A supernatant was immediately 
collected and transferred (1 ml) to a tube, subsequently, 
3 ml of DPPH was added, and the resultant solution’s 
absorbance was determined at 515nm. A calibration 
curve was built with the use of Gallic acid, wherein the 
absorbance values were interpolated and the results were 
expressed as Gallic acid equivalents (%). 

MDA content in blood serum. 
A Thiobarbituric acid assay determined MDA content 

in blood serum [18]. 

Total NOx content in blood serum
The level of NOx in the blood serum samples was 

determined by a modified method by Miranda et al. [19]. 
As the first step, sample deproteinization was achieved 
by adding an equal volume of 0.3M NaOH to 100μl of 
blood serum. The sample was mixed well and incubated 
at room temperature for 5 min. Then 100μl of 5% ZnSO4 
was added, mixed well, and incubated for an additional 5 
min at room temperature. After the incubation, the mixture 
was centrifuged at 3,000 rpm, 4°C for 15 min. An aliquot 
of 100μl of the clear supernatant was mixed with 200μl 
of Griess Reagent, which was prepared just before the 
assay and contained 0.25% VCl3, 0.1% sulfanilamide, 
and 0.05% N-(1-Naphthyl)-ethylenediamine (NEDD) in 
0.5 M HCl. The reagent blank was the same but contained 
100μl of distilled water instead of the sample. The mixture 
was incubated for 30 min at 37°C and absorbance was 
measured at 540nm with a microplate reader (Multiscan 
GO, Thermo Fischer Scientific, Finland). The standard 
curve for NaNO2 was used to calculate the total NO 
concentration in the samples.

Geometrical characteristics of Erythrocytes
Erythrocyte membrane isolation was performed by 

the Hast method [20].

Volume of erythrocytes
The volume of erythrocytes was calculated from 
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The protein content in the erythrocyte membranes’ 
samples was determined by evaluating the area of the 
corresponding area on the electrophoretic picture by use of 
the special analytical device (TAS plus, Leitz, Germany). 

Statistical analysis
An analysis of variance (АNOVA) (SPSS-12 for 

Windows) was used to compare the data.

Results

Determination of the Hormonal status in the patients’ 
blood 

The alterations in the thyroid hormone status of 
patients with thyrotoxicosis (group 2), benign (without 
and with a family history of cancer (group 3a, b)), and 
malignant tumors (group 4) of the thyroid gland are shown 
(Table 1): in patients with thyrotoxicosis, the content of 
free FT4 and FT3 in the blood increased by 60% and 71%, 
and the content of the bound form of these hormones 
increased by 100% and 64%, respectively; TSH values 
were reduced by 70% compared to the control rate. In 
the case of benign (without and with a family history of 
cancer) and malignant tumors of the thyroid gland, the 
content of free and bound forms of FT4 and FT3 did not 
differ, while the content of TSH increased by 69% and 
84%, respectively, compared to the control level (Table 1). 
It is worth noting here that in all studied patients, the level 
of thyroid hormones in the blood did not exceed the limits 
of clinically established norms (Table 1).

Pro-, antioxidant status, and NOx content inpatients’ blood
The investigation of the lipid peroxidation product, 

MDA, nitric oxide metabolites (nitrites and nitrates) 
– total NOx content, as well as the activity of the total 
non-enzymatic antioxidant system activity (TAA) in the 
blood serum of the studied patients, showed, that in the 
patients with thyrotoxicosis, the MDA content increased 
by 4 fold, NOx content by 32%, and TAA decreased by 
69%, compared to the control values; in patients with 
benign tumor pathology TAA decreased by 78%, while 
NOx content increased by 22%, and in patients with 
a malignant tumor of the thyroid gland TAA and NOx 
content didn’t change in comparison to the control level. 
In a group of patients with benign tumor pathology and 
family history of cancer MDA content increased by 6 fold, 
in patients without a family history of cancer - by 3 fold, 
and in patients with a malignant tumor of the thyroid gland 

the ratio between hematocrit and the number of 
erythrocytes per unit volume according to Welker formula: 
V= Ht/RBC, where Ht is hematocrit (the volumetric mass 
of erythrocytes in 1 mm3 of blood); RBC - the number of 
erythrocytes in 1 mm3 of blood.

Thickness of erythrocyte
The thickness of erythrocytes was calculated 

according to the Boros formula, taking the geometry 
of the erythrocyte as a cylindrical body: T = V/π R2, 
where V is the volume (µm³), R - average radius of an 
erythrocyte (µm).

The surface area of erythrocytes
The surface area of erythrocytes was calculated 

according to the formula of A. Hurtado: S = 2v/T + πRT, 
where V is the volume (µm³), T - thickness, µm; R is the 
average radius of an erythrocyte (µm).

Protein content in erythrocytes’ membrane
Isolation of erythrocyte membrane by the Hast method

Blood samples, collected in tubes containing 
anticoagulants were centrifuged at 3,000g for 15 min. The 
obtained erythrocyte sediment was washed 3 times with a 
1: 4 volume of solution A, containing 130 μM KCl, and 
20 μM Tris-HCl (pH-7.4). For hemolysis of the obtained 
erythrocyte sediment, the 1:10 volume of solution B, 
containing 5 μM Tris-HCl, and 1 mm EDTA, was added 
and the resulting mixture was left all night (for about 15 
hours). The next day the suspension was centrifuged at 
12,000 g for 20 min. The obtained precipitate was washed 
again with solution “B” 2-3 times before bleaching. The 
precipitate was washed again with an “A” solution in 
volume 1:10.

Determination of protein content (Protein analytical 
electrophoresis under dissociated conditions) 

The membrane protein content was quantified using 
the DC (detergent-compatible) protein assay for protein 
solubilized in Laemmli buffer [21]. Protein analytical 
electrophoresis was performed under dissociated 
conditions in a 12.5% gradient polyacrylamide gel with 
1 mm thick and 6 ml volume with 0.1% sodium dodecyl 
sulfate (SDS), by heating the samples at 100◦C for 10 min 
and loading 20 μg of membrane proteins on an 8% gel for 
protein staining by colloidal 0.2% Coomassie Blue G-250 
[22]. A set of standard proteins (kDa) as electrophoresis 
markers were used.

Parameters Group 1  Group 2  Group 3  Group 4 Clinical norm
3a 3b

FT4 (mmol/l) 15.0±5.2 24,2±2,5 14,1±2,4 14,0±2,7 16,2±1,5 10 – 22
T4 (nmol/l) 70.2±14.6 140.3±32.0* 67.2±18.3 68.1±19.0 69.4±6.9 59 -160
TSH (mU/l) 1.3±0.5 0.4±0.2 2.3±0.7* 2.2±0.9* 2.4±0.9* 0.4 – 4
FT3 (pmol/l) 3.5±1.0 6.0±0.2* 3.1±0.6 3.0±0.5 4.0±0.4 2.6 – 5.6
T3 (nmol/l) 1.7±0,2 2.8±0,1* 1.8±0,6 1.9±0,4 2.0±0,2 1.3 – 2.7

*, statistically significant changes compared to the control group level (P<0.005)

Table 1. Hormones Level in the Blood of Healthy Donors and Patients with Thyrotoxicosis, benign Tumor Pathology 
of the Thyroid Gland, and Thyroid Cancer 
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Group MDA TAA (%) NOx (µM/l)
Group I 1.1±.0.8 25±3% 10,8±0.8
Group 2 4.6±0.7* 7.8±2,6%* 14.3±1.2*
Group 3  3a 3.7±1.1* 5,6±2,6%* 13.5±0.9*

3b 6.2±1.1* ** 6.0±2,2%* 13.2±0.8
Group 4 5.8±2.8* *** 28±5.3%*** 11.4±1.3

Table 2. The MD, NOx Content TAA in the Blood Serum of the Studied Patients 

*, statistically significant change compared to the control group level (P<0.005); **, statistically significant change between 3a and 3b groups levels 
(P<0.005); ***, statistically significant change between 4 and 3 groups levels (P<0.005) 

Group 1 Group 2 Group 3 Group 4
3a 3b

The volume of erythrocytes (µm³) 7.1 ± 0.20 8.0 ± 0.40 8.0 ± 0.50 8.1 ± 0.40 9.2 ± 0,20*
The thickness of erythrocytes (µm) 2.00 ± 0.40 2.05 ± 0.20 2.04 ± 0.29 2.08 ± 0.40 2.30 ± 0.50*
The surface area of erythrocytes (µm2) 86.0 ± 10.0 105.0 ± 12.0 117.0 ± 8.0* 118.0 ± 8.9* 140.0 ± 8.9* **

Table 3. The Geometric Characteristics (Volume, Thickness, Surface Area) of Blood Erythrocytes of Healthy Donors 
and the Studied Patients with Thyrotoxicosis, benign Tumor Pathology of the Thyroid Gland, and Thyroid Cancer.

*, statistically significant change compared to the control group level (P<0.005); **,  statistically significant change between 4 and 3 groups levels 
(P<0.005) 

Figure 1. The Sodium Dodecyl Sulfate (SDS)-Polyacrylamide Gel Electrophoresis Data Related Erythrocytes 
Membranes from Healthy Volunteers (A) and patients with thyrotoxicosis (B), benign (C- without a family history of 
cancer, D – with a family history of cancer), and malignant (E) tumors of the thyroid gland.

Group 1 Group 2 Group 3 Group 4
3a 3b

EDI 1.23±0.05 1.23±0.06 1.18±0.05 1.12±0.05* 1.13±0.05* **

Table 4. Erythrocyte Deformability (EDI) in Control and Patients with Thyrotoxicosis, benign Tumor Pathology of 
the Thyroid Gland, and Thyroid Cancer  

*, statistically significant change compared to the control group level (P<0.005); **, statistically significant change between 4 and 3a groups levels 
(P<0.005) 

-5 fold, when compared to the control level (Table 2).

Structural and functional properties of erythrocytes
It follows from the results of the study that in patients 

with thyrotoxicosis the size of erythrocytes (volume, 
thickness, surface area) didn’t importantly change 
compared to the control characteristics. In patients with 
benign tumors of the thyroid gland (without and with 
a family history of cancer), the volume and thickness 
of erythrocytes didn’t change compared to the control 
indicators, while the surface area of erythrocytes increased 

compared to the control indicators in both subgroups (3a, 
b) (Table 3). In patients with thyroid cancer, the size of 
erythrocytes (volume, thickness, surface area) statistically 
significantly increased compared to the indicators of 
healthy individuals and patients with benign tumors 
(Table 3).

In patients with thyrotoxicosis and benign tumors 
without a family history of cancer erythrocyte deformability 
index (EDI) didn’t change in comparison to the control 
level; in patients with malignant tumors of the thyroid 
gland and benign tumors with a family history of cancer, 
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EDI indicator statistically significant decreased by 10% 
in comparison to the control level (Table 4).

The prote ins  (210 kDa,  100kDa,  55kDa) 
content (determined by sodium dodecyl sulfate 
(SDS)-polyacrylamide gel electrophoresis) in erythrocytes 
membrane from healthy volunteers (A), patients with 
thyrotoxicosis (B), benign (C, D), and malignant (E) 
tumors of the thyroid gland was determined (Table 5, 
Figure 1). These proteins of erythrocyte membranes 
were referred to as the ankyrin (210 kDa), Band 3 protein 
(B3p) (100kDa), and Band 4.5 (GLUT1) protein (55kDa) 
[17, 23]. 

As seems from the results of the study (Table 5 and 
Figure 1), the content of ankyrin and B3p in the erythrocytes 
membranes from patients with thyrotoxicosis, benign, and 
malignant tumors statistically significantly did not differ 
from their level in erythrocytes mmbranes from healthy 
volunteers. The content of the protein with molecular mass 
55kDa (GLUT1) in erythrocyte membranes from patients 
with benign and malignant tumors of the thyroid gland 
was decreased compared to the control level, especially 
in patients with thyroid cancer, and benign tumors of the 
thyroid gland with a family history of cancer.

Discussion

In patients with benign and malignant tumors, any 
changes in their thyroid hormone levels (T4 and T3) 
were not detected. However, the level of TSH increased 
by 64% and 84%, respectively. TSH can increase the 
production of H2O2 through the TSH receptor (TSHR), 
leading to a high level of oxidative stress in patients with 
thyroid malignancy. Many studies have shown that high 
TSH levels are linked to an increased risk of malignancy 
in thyroid nodules [24]. In patients with malignant 
tumors of the thyroid gland and benign tumors with a 
family history of cancer, the level of MDA was found to 
be especially high (significantly higher than in patients 
without a family history of cancer). These findings align 
with previous studies that have demonstrated a high level 
of ROS in cancer cells, particularly in thyroid cancer 
cells as they progress towards a more de-differentiated 
phenotype [25-27]. The disruption of redox homeostasis 
may be related to the mutation of tumor suppressor genes, 
can be mediated by oncogene-stimulated mitochondria, 
suppression of antioxidant enzymes’ gene expression, or 
post-translational modifications of the enzymes such as 
the acetylation of SOD or other factors.

According to the results of our investigation, the TAA 

level was low in patients with benign nodules (with and 
without a family history of cancer), but increased in 
patients with thyroid cancer against the background of a 
high level of lipid peroxidation process.

ROSs are pro-tumorigenic, and through the regulation 
of different cellular signaling pathways and nuclear 
factors, they support the enhanced proliferation of 
transformed cells increase cellular growth, and cell 
survival, contribute to genomic instability, initiate 
tumorigenesis, and the development of cancer [28]. 
To optimize ROS-driven proliferation, tumor cells are 
restructuring the redox potential (from the reduced to 
the oxidized), possibly by decreasing the activity of the 
antioxidant system, and are adapted to live under moderate 
oxidative stress conditions. However, as high ROS levels 
can also stimulate senescence or apoptosis of neoplastic 
cells [8], to support the proliferative benefits of high ROS 
levels while mitigating the risk of senescence/apoptosis, 
cancer cells can upregulate transcription factors and 
reprogram metabolism to increase the de novo synthesis of 
antioxidants. Antioxidant status is commonly increased in 
tumor tissue, presumably to combat the high ROS burden 
(and this is associated with poor prognosis) [29]. 

Therefore, the antioxidant system can play a critical 
role in tumorigenesis, and antioxidant/oxidant imbalance 
may contribute to the formation of benign tumors and 
support its further malignant transformation. Our study 
results show a significant increase in erythrocyte volume, 
thickness, and surface area in patients with thyroid tumors 
(especially with malignant tumors) in comparison to the 
erythrocyte characteristics in healthy individuals. The 
regulation of erythrocyte volume involves cell hydration/
dehydration mechanisms, regulated by signaling 
pathways and transmembrane proteins (Na+/K+-ATPase, 
calcium pumps, Na+/K+/2Cl--cotransporter, K+/Cl--
cotransporter, Na+/H+-exchanger, Cl--HCO3--exchanger, 
Gardos channel, and others transporters) that mediate the 
flow of ions across the cell membrane [30-34].

The activity of these proteins can be modulated 
by hormones and xenobiotics [32-34]. TSH through 
membrane functional receptor TSHR through regulation 
of erythrocytes’ oxygenation state can regulate their ATP 
content [35], and therefore, modify the conformation 
of Na+/K+-ATPase [36, 37] and its pumping capacity 
[36, 38]. In turn, the ATP molecules can be sequestered 
by the membrane complex of band 3 protein with 
cytoskeletal proteins (β-spectrin, ankyrin) binding to 
the Na+/K+-ATPase [39, 23], which represents the one 
of the mechanisms of the regulation of the Na+/K+-

KDa  Group 1  Group 2  Group 3 Group 4
3a 3b

on 210 18.0±3.5 20.2±4.8 18.1±3.8 18/3±5.2 18.2±4.9
on 100 40.0±5.4 48.0±6.2 38.3±5.9 38,7±6.1 36.4±5.2
on 55 44.3±5.7 40.5±4.7 30.4±3.7* 26.2±4.3* 20.4±4.1* **

Table 5. Membrane Proteins (210 kDa, 100kDa 55kDa) Content in Erythrocytes from Healthy Volunteers (A) and 
Patients with Thyrotoxicosis (B), benign (C, D), and Malignant (E) Tumors of the Thyroid Gland. 

*, statistically significant change compared to the control group level (P<0.005);** - statistically significant change between 4 and 3a groups 
levels (P<0005)
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ATPase activity [40]. Excess ATP, as a main fuel required 
for function ATP-ases, may suppress glucose uptake by 
erythrocytes via GLUT1, which interacts with various 
proteins (band 3 dimer, dematin, adducin, and proteins 
4.1 and 4.2) of membrane junctional complexes attached 
to the cytoskeleton’s spectrin by F-actin filaments [41, 
42]. During intensification of glucose transport, GLUT1 
forms monomeric clusters (55 kDa) [42], which represents 
the result of the negative feedback regulation mechanism. 

The results of our study using sodium dodecyl sulfate 
(SDS)-polyacrylamide gel electrophoresis show that the 
content of GLUT1 monomer (55 kDa) was significantly 
reduced in the erythrocyte membranes of patients with 
benign thyroid tumors (especially with a family history 
of cancer) and thyroid carcinoma. However, the content 
of ankyrin (210 kDa) and Band 3 protein (100 kDa) did 
not change in all studied groups of patients. This suggests 
a decrease in glucose supply, ATP synthesis, and reduced 
activity of the Na+/K+-ATPase pump, which leads to 
disturbances in the osmotic balance, hydration, and 
swelling of the erythrocyte. These factors, along with the 
fluidity of the plasma membrane, hemoglobin content, 
metabolism rate, adaptive responses, etc., determine 
erythrocytes’ deformability and their rheological 
properties [43, 44] and are critical in microcirculation and 
tissue oxygenation. In our study, erythrocyte deformability 
in patients with malignant tumors of the thyroid gland and 
benign tumors with a family history of cancer significantly 
decreased. 

Na+/K+-ATPase, through interaction with TSHR 
and surrounding membrane proteins, mediates signaling 
pathways affecting the erythrocyte’s volume and 
membrane frigidity. A strong association between an 
indicator of the heterogeneity of erythrocyte volume, 
erythrocyte distribution wide (EDW), and thyroid function 
(TSH content) was revealed [37, 45, 35, 40]. It should be 
noted that although we detected a significant increase in 
the MDA and NO content, as well as a decrease in TAA 
in the blood serum of patients with hyperthyroidism 
against the background of increased expression of thyroid 
hormones (free and bound forms of T4 and T3, but not 
TSH). These changes should be related to oxidative stress 
and usually cause complications in target tissues. No 
significant changes in the shape, size, membrane-structural 
or functional characteristics of erythrocytes were detected.

The results of our studies allow us to conclude 
that during thyroid gland malignant transformation, 
the development of membrane-structural or functional 
alterations in erythrocytes involves other mechanisms, 
in addition to oxidative ones. Taken together, we can 
conclude that a decrease in erythrocyte deformability 
in patients with thyroid tumors may be associated with 
TSH-induced conformational changes in erythrocyte’s 
membrane proteins and protein complexes, a subsequent 
decrease in the intensity of their energetical metabolism, 
further hydration and swelling. 

The literature data testify to the alterations in 
erythrocyte Na+/K+-ATPase enzyme functional activity, 
a significant lowering of erythrocyte deformability in 
patients with differentiated thyroid cancers than in healthy 
individuals that were not modified even after radioiodine 

treatment. Additionally, the alterations of erythrocytes’ 
membrane structure, deformability, and rheological 
properties have been detected in men with prostate cancer.

In conclusion, due to the small number of patients, we 
cannot make convincing conclusions, but the existence 
of statistically reliable associations between the levels 
of oxidative stress alterations of hormonal status and 
erythrocyte deformability in patients of studied groups, 
allows us to assume a close causal link between them the 
role of the oxidative stress in the tumor formation and 
support its progression into a more malignant state. 

From these positions, deviations in erythrocyte 
deformability can quite rightly be considered markers of 
tumor malignant transformation risk.

Evaluation of the clinical informativeness of such 
predictors of carcinogenic risk is the subject of further 
more detailed studies. Alterations in redox metabolism 
play a crucial role in tumor formation. An imbalance 
between anti- and pro-oxidant systems may contribute to 
tumor formation and support its progression into a more 
malignant state. 

Thyroid cancer is characterized by a reduction in 
erythrocyte deformability, related to the changes in 
membrane proteins and protein complexes affected by 
TSH levels. These changes lead to a decrease in the 
intensity of their energetic metabolism, further hydration, 
and swelling. These alterations are less detectable in 
patients with benign thyroid tumors who have a family 
history of cancer, and non-detectable in patients without 
a family history of cancer.
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